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ABSTRACT
To understand and facilitate modal shift to morgainable modes of transport there is a need

to model accessibility and connectivity at an urbaale using data collection and modelling
procedures that require less data and speciapst ithan traditional transport models. This
research has used spatial analysis modelling puvesdased on space syntax to investigate
the potential to model aggregate traffic flowsrataban scale, and to investigate the potential
to apply the same methodology to model both aggeegiad individual cycle flows. Cyclist
behaviour has been investigated through a questienmo support modelling work. The
research has demonstrated that spatial analysislhimgds an effective means of representing
urban scale motor traffic network, however, modifions to the model were required to
achieve a correlation between modelled and measnotor traffic flow comparable to other
modelling procedures. Boundary weighting was fotmthe effective at representing traffic
crossing the boundary of an isolated urban sub-argavas not so effective at an urban scale.
Road weighting was found to be effective in imprgvimodel performance by representing
traffic flows along routes according to a natiookssification scheme. It was demonstrated
that these modelling principles could be used ppagent an urban bicycle network and that
the impact of the modification of infrastructure ilative flows of both cyclists and motor
traffic could be accommodated. The modelling apgnolaas the potential to be extremely
useful at an early planning stage to representgdsato flows across the network. A survey
of behaviour identified that cyclists modify thgwurney to use cycling facilities such as on-
road lanes and off-road paths, or to avoid padicateas perceived to be less favourable for
cyclists and that analysis indicates that it isidift to predict (25% from survey) individual
route choice. Results indicate that there were mpp®rtunities related to route characteristics
that could be influenced by infrastructure chandes occasional cyclists than for

frequent/everyday cyclists.
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GLOSSARY OF TERMS

Accessibility Ease of reaching a desirable locaftfdansen, 1959).

Active transport Transport that requires physi¢fdreto move across a space.

Axial line A straight line of sight that combinetWwin space syntax to form an
axial map.
Connectivity The directness of links and densitgafnections in a network

(Victoria Transport Policy Institute, 2012).

Integration Measure of the relationship betweenadal line to all other axial
lines.

Mobility The ability to move.

Spatial analysis Techniques that enable the irgegsdn of the complex relationship

of spaces between places.

Urban area An urban area refer to a town or cityassociated suburbs with
both a dense population and infrastructure inclgitiouses,
commercial buildings, roads, bridges, and railways.

Urban scale Urban scale considers the interacfitwiti environment

components of urban areas as a whole.

Joanne Patterson Xiii 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

THESIS OUTPUTS

Journal Papers
Jones, P.J., Patterson, J.L., Lannon, S.C., 200deMng the built environment at an urban
scale - Energy and health impacts in relation tasig.Landscape and Urban Plannir&8

(1), pp. 39-49.

Patterson, J.L, 2004. Evaluating the success deayetworks and predicting future use.
Traffic Engineering and Control — The Internationkurnal of Traffic Management and

Transportation Planningd5 (1) pp. 17-20.

Jones, P.J., Williams, J.L., Lannon, S.C., 200@nRihg for a sustainable city: An energy and
environmental prediction modelournal of Environmental Planning and Manager@n{6)

pp. 855-872.

Conference Papers& Presentations

Patterson J.L., Jones, P.J., Lannon, S.C., WebBlv&(003. Modelling the built environment
to assist with planning for sustainable developmé&stainable Urban Infrastructure
approaches solutions networking International coafiee University of Trento, Italy. COST

C8 Best Practices towards Sustainable Urban Iméretstre. November 6 —"2003.

Patterson, J.L., 2003. Modelling movement pattanrgties to predict the use of routes and
resulting emissiondNational Society for Clean Air (NSCA) and Enviromtaé¢ Protection

ConferenceManchester, UK.

Industrial Journal

Patterson, J., 2004. Modelling software tracks miiaffic. Advances Wales.

Joanne Patterson Xiv 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

Chapter 1: Introduction
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1.1 Background

In 2007 the EU committed to move Europe to a lovibca economy and it was agreed that
carbon dioxide (Cg emissions would be cut by at least 20% of 199&I&e by 2020
(European Commission, 2008). The UK Climate Chakge2008 (DECC, 2008) set a target
of 80% reductions on 1990 baseline UK £#nissions levels by 2050. The Act set ambitious,
legally binding targets, describing measures tp hetet targets and enhance the UK’s ability
to adapt to the impact of climate change. Thisslagive intervention will need to be
accompanied by a significant change in behavioactoeve these targets, by reducing energy

demand and through generation of energy from reblenand secure sources.

Figure 1 illustrates the trend of @@nd greenhouse gas emissions in the UK from 1890 t
2013. This indicates that G@missions for 2008 were only 10% lower than inQL88th a
more significant drop since 2008. Emissions of,@@re estimated at 464.3 million tonnes
(Mt) for 2013, a 7.5% reduction from 2012, drivemparily by a reduction in the use of fossil
fuel for electricity production (DECC, 2014). Hovweeythere is a significant challenge ahead

to reach targets set for 2050.

s Basket of greenhouse gases s Carbon Dioxide

Million tonn

Q o N M T MO N OO H N MY WY N RO AN T

S A M s dF A A ANAAAAN A D

Figure 1 - Greenhouse gas and €@missions 1990 - 2013 (data for 2013(p) - predicte

(DECC, 2014)
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UK transport emissions peaked at 134 Mt of2@®©2007, and although this had reduced to
119 million tonnes of C&by 2011, the transport sector still representsgust 25% of the
total emissions of C®in the UK compared to 20% in 1990 (DECC, 2014)eigy
consumption by the transport sector has increasma f19% of the UK'’s total energy
consumption in 1970 to 38% in 2011 (DECC, 2011dytd vehicle usage in the UK has
increased more than six times from 77 billion véhidlometres (bvk) in 1955, to 412bvk by
1992, to 489bvk by 2011 (DfT, 2013a), a 16% inceeager the last 20 years. These increases
are matched across the rest of Europe, with arageesf 1 car for every 2 people across the

27 member states (Figure 2).

700

600
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400 -

300

Motorisation rate
cars per 1,000 inhabitants

200

100

Figure 2 -Cars per 1,000 inhabitants for a sample of Europeantries (Eurostat, 2011)

Research at the University of Surrey (Jackson €2@07) has shown that energy consumption
by households in the UK accounts for 165 millionrtes of carbon (Mtc) emissions per year
(Figure 3), with around 50 Mtc associated with s@ort. Almost 20% (32Mtc) of this is
attributed to recreation and leisure (which inckideansport to and from recreational

destinations) and 8% of emissions are attributddattsport associated with commuting.

Joanne Patterson 17 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

T T
L
Recreation & Leisure . I 31.6 Mtc
|
|
24.0 My
Space heating . :
|
|
Food & catering |
1
|
Household :
I |
1 1
Health & Hygiene _ - : :
I I I I I I
181 Me ! i !
Clothing & footwear m - " : : :
| | | I |
13.1 Mic | | |
c 9 ' 1 1 1 l
[ 1 1 1 1
79 MI
: . L5
Education | Qindirect EDirect OTravel
I
64 Me |
Comms + Govt : : : : :
1 T T T T T | T
0.00 5.00 10.00 15.00 20.00 26.00 30.00 35.00

MC

Figure 3 - Carbon allocation to consumer needs (Jackson,&(l7) (Direct - consumption
associated with fossil fuels such as cooking, hgatndirect — upstream carbon emissions
associated with the production of goods and sesvi€evel — emissions associated with the

delivery or movement of people and commodities).

With the global population predicted to grow to 09ebillion by 2050, an increase of almost
30% compared to 2008 levels (United Nations, 20@93jgnificant modification of travel
behaviour and fuel sources will be required, ndy ¢mreduce greenhouse gas emissions, but
also to reduce reliance on increasingly scarceltas. estimated that world oil reserves are
being depleted at an annual rate of 2.1% and thak grude oil will be reached in 2014,
beyond which time the amount of oil available fetraction will be reducing (Nashawi et al.,
2010). This means that demand would be greater gbpply, forcing prices up. Since the
early 1990s UK transport fuel prices have increabedefold, as illustrated in Figure 4
(DECC, 2010). The amount of transport energy geedrdrom renewable sources has

increased from 0.1% of transport energy in 2003%oin 2012 (DfT, 2013b).
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The UK Government has limited the planned deploynoémiofuels to 5% of the transport
fuel market by 2013/2014 particularly as a restiltiocertainties associated with land use
changes, with no firm commitment beyond this p@DfT, 2013b). This is supported by a
proposal by the EU to limit the use of food basexfuels to 5% as part of the Renewable
Energy Directive (EC, 2012). Infrastructure changeguired to utilise renewable sources to

significant levels for transport will take time ahdancial investment to implement.

140.00

120.00 /
100.00 j//"/\\§v//
80.00 fv‘;—/
60.00
= — super
40.00 unleaded

—— premium

unleaded
20.00 — diesel u

Typical retail price of fuel (E/litre)

0.00 T T T T T T T T T T T T T T T

Figure 4 - Typical retail fuel prices in the UK (DECC, 2010)

People will continue to need to travel to sustaommic activity and maintain a good quality
of life. However, by shifting as much of this trvas far as is practicable, from car to more
sustainable modes of transport, carbon emissiookl dze significantly reduced. There is
therefore a need to reduce dependency on the eahteve a low carbon futuréeMotorised
vehicles create new distances which they alonesbank. They create them for all but they
can shrink them for fevlllich, 1974). Over time the increased avail#lyiand use of the car
has seen services and facilities become moreluliséd due to a reduced perceived distances.
This has created the belief that a car is no loageixury, but a necessity to live a lifestyle

that we expect and that is expected of us. A ‘gre@capproach to achieving modal shift from
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motor vehicles to other sustainable transport moae®pposed to a ‘reactive’ approach (for

example, due to fuel shortages) is required inrai@eeduce over reliance on the car.

One solution to reduce dependency on the car,cpétly in urban areas, is to encourage
modal shift by mobile, physically able groups ok thopulation from car use to more
sustainable modes of transport including walking eycling for short, frequent journeys such
as to work or school. By improving accessibilitgfided as ease of reaching a desirable
destination (Hansen, 1959) land use and activity systemsiwifansportation networks can
be better linked, therefore encouraging short jeysnto be made by foot or cycle.
Conventional transport planning has often focusednoproving mobility (the ability to
move), most often by car (Marshall and §ledin, 2011 and lacono et al., 2010). However by
improving connectivity and accessibility by prowidia more linked transportation network,

an alternative to increasing mobility is possilde $ustainable modes.

Cycling is a realistic alternative mode of tranggorthe motor car around urban areas as it is
faster than walking, assuming an average walkireedf 3 miles per hour (mph) and a
cycling speed of 10-15 mph (Barton, 2010). It isepdially more favourable than the modal
shift from car to public transport for shorter joays as the user has more control over time
of departure and route taken when using a bicyatethere are zero carbon emissions from
the use of a bicycle. Cycling peaked in UK in 194Ben 37% of all traffic, 24 billion
passenger km, was travelled by bicycle, however tilad fallen to 3.7 billion passenger km
(1% share) by 1973 (Golbuff and Aldred, 2011). 01@, 817 billion passenger km per year
were travelled in total, of which only 4 billion ggenger km were by bicycle, just 0.5% of all
travel (ONS, 2010). 16% of all journeys in the Ut aommuter journeys (DfT, 2011a). The
majority of this population group have the ‘ability move’ by foot or on bicycle over

distances of less than 5km. Figure 5 illustratas 48% of the working population of England
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and Wales travelled less than 5km to work (ONS,42@hd as such the majority of these
journeys could, in theory, make the transition frceinto more sustainable modes of transport.

less than
2km
20%

=>10km
36%

2-5km
23%

5-10km
21%

Figure 5 - Distance travelled to work in England and Wales §)R014)

Routine travel journeys, such as the journey tokwamd school, have been found to be
repetitive, demonstrating a cyclical weekly pattennd recognising these patterns is essential
to attempt to predict future events based uponlaimpiast events (Lapin, 1964). Wardman
(2007) confirmed that commuters are also moreyit@tycle where cycling levels are already
high, when other things are equal. This self-reitifay pattern may be a result of culture,
image (Ortuzar et al., 2000) or due to a percesaddr environment for cyclists (Wardman,

2007).

A study by The University of Westminster (1996) aerstrated that there was little public
willingness to reduce mobility in order to redu@agestion and improve the local and global
environment. Transport networks should be desigimedmprove accessibility for more
sustainable modes of transport, which have a pesitipact on well-being and benefits local
economies. The optimised placement of urban cyeteaorks to match user requirements are

likely to increase modal shift which would resulicarbon reductions, improvements in urban
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air quality, less crowded roads, and potentiallyeha positive impact on health and overall

quality of life.

In 1978, Hudson stated that bicycles are cheapeaily available for a large proportion of
the population, they are available in a form whacbvides a satisfactory means of transport
for work, sport and leisure and requires littlerodp@to road system for continued use. This is
generally still true, however, factors such aseased motor vehicle traffic on roads and
increased potential for conflict between the infnasture requirements of cyclists and drivers,
means that some modification to the road systeemigired to encourage and support bicycle
use, alongside other modes of transport. Infragtrado accommodate sustainable transport
methods such as walking, cycling and public trarispan be incorporated into built
environment developments at planning and developstages of both new developments and
retrofits, not only to minimise the use of indivadunotorised transport wherever possible, but
to create safe and pleasant places to live and whilst allowing people to move around as
necessary. It is important that these developmantsodifications to urban infrastructure are
located in places that achieve maximum utilisatrder to justify economic investment
and encourage modal shift from car to sustainaldeas of transport including walking,

cycling and public transport.

Investment in large scale, expensive transpor@agtfucture, such as city wide light rail
systems is limited in the UK, particularly as auleof budget cuts due to the economic
downturn of 2008. However, ‘cheaper’ infrastructopions combining the improvement of
cycling facilities and management of motorisedficaparticularly in urban or inner city areas,
can be considered as a means of achieving modglwhich in turn will help reach tough
COe reduction levels set. Therefore, there is a neembinbine analysis of motor traffic flow

and cycling flow to investigate how changes for arede impacts the other. By being able to
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identify the most frequently used routes for botbton traffic and cyclists at an urban scale
within the same process together with the pattératibsation, informed decisions can be

made about where to modify infrastructure. By usinrgnge of measures to channel cyclists
along favourable routes, together with supportifgastructure at the workplace, an increase

of commuter cyclists might be possible.

1.2 Focus of the research

Cahill and Garrick (2008) stressed the need fonmpdas to prioritise facilities for cyclists to
present decisions made to stakeholders in a qaangitway, and for tools to evaluate these
facilities. At a planning level decisions need ®rhade relatively quickly, simply and cost
effectively using familiar techniques and modelltogls. Most existing traffic models have
been developed to assist with congestion problemspeed up traffic and to increase mobility
rather than to achieve modal shift. These existnoglels require vast amounts of data and
take a long time to establish and implement. Anreyppate, validated traffic model for
scoping at the initial planning stage that can $eduat an urban scale and can be combined
with cycle data is therefore required to assishwaitaking quantitative assessments to help

with the decision making process.

However, urban scale motor traffic flow or cycliigw should not be investigated alone as
impact from one scheme may impact on another (ROIL4). Cycle infrastructure, in many

cases, is shared with motor traffic e.g. roads,oan cycle lanes and junctions. This sharing
of infrastructure leads to potential conflict andoameans that promotion of one mode of
transport could impacting on the other. As suchanwaffic modelling needs to be combined
with cycling modelling, to enable the investigatiohthese potential impacts. Few detailed

studies have estimated the demand for and bengfitsew cycle facilities (Goodman,

Joanne Patterson 23 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

Sahiqvist aand Ogilvie, 2014; Law, Sakr and Majr&013; Titheridge and Hall, 2006) in

contrast to the profusion of studies for motorigemhsport (Cahill and Garrick, 2008;

Hopkinson and Wardman, 1996). Research has indi¢th& connectivity and directness are
critical for encouraging non-motorised transporta(Mm and Nordstrom, 2013; Lee and
Moudon, 2006). Handy (2005) found that where cywéwork accessibility had increased
there was a significantly higher propensity to drless, thus providing evidence that land
planning policy can have an impact on modal sRfiutes that are considered suitable for
cycling by planners, based on site visits or degkwork, may not be the routes that link

origins and destinations in a way that cyclistofav

Although engagement with stakeholders together wattlitional mapping work can provide
valuable data to guide planners, strategic modgtlould not only assist with the development
of policies intended to increase accessibility &nkl key origins and destinations, but also
provide planners with the opportunity to identifgtional network configurations for both
cyclists and motor traffic with relatively littlexpenditure. In the absence of a city wide, fully
linked cycle network, cyclists will inevitably ugbe road network for part or all of their
journey as this provides a facility that is genlgratell maintained, with a smooth surface,
being well lit and overlooked. However, sharingrastructure with little or no mitigating
measures to accommodate cyclists potentially caose8ict between the two modes of

transport, and could potentially discourage a greatimbers of cyclists.

Therefore to increase the number of cyclists, thera need to improve accessibility for
cyclists, and to make sure that these routes asafasas possible for cyclists. One way to
achieve this is to modify access on the road ndtviarboth cars and cyclists in such a way
as to provide travel routes that meet the majaitthe needs of both whilst minimising the

conflict between the two modes of transport. Tipigsraach requires the need to predict where
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best to improve/reduce access within cities fofed#nt modes of transport so that i) limited
resources can be used more effectively and eftigieand, ii) in order to make more informed
decisions (lacono et al., 2010) and iii) to deterenihe impact of these modifications on all
routes to ensure that the functionality of the widetwork is maintained. Understanding the
movement of bicycles across a network would helpriderstanding the relative importance

of different routes to users (Cahill and GarricRD&).

Urban scale planning tools are required to pradigtes that will potentially be used by motor
traffic and cyclists, to assist with situating aydacilities in locations which increase
connectivity and accessibility, which can map catrfacilities and how successful these
facilities are, and which can investigate the dffsficmodifying road networks for both car
users and cyclists. These tools need to be relatizgck and easy to use, inexpensive, fit in
with current work practices and capabilities, arg® womputer software that is readily

available and accessible.

1.3 Research aims and objectives

Theaim of this thesis is to investigate the potentiahtodel motor traffic and cycle flow at
an urban scale using spatial analysis techniquégetdify routes within a city that can be

targeted to improve accessibility for cyclists.

The specificobjectives of this research that were completed to achieigediim are to:

e identify, test and improve a computer based spatalysis model that can be used to
quantify relative levels of motor traffic flow f@n entire road system for a city or region,
including both local and strategic roads, that nexguas little data as possible, whilst

providing meaningful and useful outputs;
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evaluate the potential for transferability of thgagal analysis modelling method tested

on motor traffic for cyclist flows to identify whieér the model can be implemented for

cycle networks;

» identify whether there is potential for the modeliltustrate the impact of changes in
infrastructure on relative flow of both motor tiafand cyclists;

e identify whether the model enables choices madadiyidual cyclists to be predicted,;

* investigate factors that influence cyclists behavim evaluate the use of existing cycle

networks to inform the model.

The spatial analysis model will help to identifyutes which are most used by motor traffic
and cyclists, and assess the impact of modificatimnroad and cycle infrastructure. The
identification of key routes would enable planngrsassess how successful current urban
networks are and to identify where changes to aticenfigurations would be best located.
This research contributes to the further develognoénspace syntax as an urban scale

modelling tool for both motor traffic and cycle fiie.

The approach developed could be used for scopiiigliplanning options or supporting
planning decisions. Therefore the model should $ea@urate as possible whilst being
replicable, reliable and be relatively simple andck to generate data and run. Bringing
together motor traffic and cycle traffic using th@me data sources and techniques could

encourage cross sector working to increase modal sh

The research focused on urban areas, where tramegairements are more concentrated and
there is increased potential for modal shift dudigtances travelled being generally shorter
in length. Although the research was undertakenUk cities, the findings and the

methodologies developed are applicable to othernational urban areas. The research does
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not give guidance on the location of specific filie$ as this is provided in local design
principles such as those contained within the MbfaraStreets 2 (Chartered Institution of
Highways and Transportation, 2010) and differecél@authorities focus on different priorities
including reducing traffic speeds, managing trafiicevs and provision of on/off road routes
for cyclists depending on local context. This stddgused on daily household transport
patterns in urban areas that are short in lengthaa@ repeated, i.e. the journey to and from
work. The research assumes that investment isvadthle for necessary infrastructure to be
installed on all roads and that funds need to badsed in locations that will see the greatest
benefit. The key is to identify routes that playiieportant role in the network both for motor
traffic and cycling in order to assess the potépffacts that infrastructure modification might

have on both modes, and to allocate resourceseffestively to encourage modal shift.

The research was based on data from a numbeies.dalidation of the motor traffic model
was undertaken in Cardiff with tests taking plaoeLeicester, Leeds and Neath Port Talbot,
whilst cycling investigations were undertaken inrdif, Bristol and York. The three cities
subjected to cycling investigation vary in the depenent of existing urban cycle networks
and other factors that may influence the decistoaytle including congestion, gradient and
historical development. Established relationshipth wocal authorities in these cities also

existed which enabled the provision of relevanadatdevelop the modelling work.

1.4  Structure of the thesis

The thesis comprises 11 chapters, these are susatas:
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Chapter 1 — Introduction
This presents the background to the research tesgtihe requirement for the research and

the aims and objectives of the thesis.

Chapter 2 — Literature review

A review of the background principles to the imp&ation of low carbon transport

initiatives within cities including identificatioof policies that drive change at different spatial
levels is presented together with an overview efdbvelopment and classification of urban
road networks including land use patterns and stfuatures. The requirement for modal
change is reviewed summarising the requirementsyolists and characteristics of cycle
routes. The use of models for traffic planningasiewed concentrating on models that look
at all roads at an urban scale with a focus on #ad/accessibility of motor traffic and cyclists.

The characteristics and problems of these modelscatewed.

Chapter 3 — Methodology
The methodology of the spatial modelling procedws=d within the thesis is presented and
the case study cities are described. An overviewhefspatial analysis model is provided

including a justification of why the model was sz for this research.

Chapter 4 —Validation of the spatial analysis modefor aggregated motor traffic flow

The process of validation of the motor traffic flomodel is described in detail including an
investigation of novel methods for improving thafpemance of the model using different
weighting factors. The procedure for applying theton traffic flow model to other cities is

described.
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Chapter 5 — Results from the validation of the spa&l analysis model for aggregated
motor traffic flow

The results for the validation of the motor trafflow model including quantitative and
gualitative results are presented and discussedmknating the step by step process taken to
validate the model. This includes a detailed dpson of the analysis of the weighting

methods investigated to improve the model perfocaan

Chapter 6 - Demonstration of the spatial analysis wdel for aggregated cycle flow and
motor traffic flow

The process involved in demonstrating how the apainalysis model could be used to
guantify cyclist flow rates within three citiesdescribed together with the procedure used to
investigate whether the model could quantify hovarges to the transport infrastructure

influences relative flows of motor traffic and cigts.

Chapter 7 — Results from the demonstration of thepatial analysis model for aggregated
cycle flow and motor traffic flow

Results from the implementation of spatial analgdigelative flow of cyclists are presented
as a series of axial maps. The impact of improvezessibility for cyclists and reduced
accessibility for motorists are presented as altreguchanges to road infrastructure to
demonstrate the potential of the model to illustiidtange in flow of cycle traffic relative to

motor traffic.

Chapter 8 — Collection and analysis of individual gclist movement and behavioural data
Techniques for utilising spatial analysis to préthe route of individual journeys is presented
which will help to identify whether cyclists useetmost direct route available, as predicted

by the model, or whether the preference is to dev@ use routes with cycling facilities or
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other favourable characteristics. This is suppoltgdhe preparation and distribution of a
guestionnaire to investigate the influence of stdiiehaviour on route choice, the decisions
behind undertaking a journey to work by bicycles frequency and occasions that a bicycle

is used and the reasons for choosing the rout@take

Chapter 9 — Results from the collection and analysiof individual cyclist movement and
behavioural data

A comparison of actual and predicted routes takemdividual cyclists is made to illustrate
whether the model is capable of predicting row&sn by individual cyclists across three case
study cities. Quantitative and qualitative restridsn a questionnaire survey to investigate the
behaviour of cyclists in these three cities ares@nged, with the aim of identifying
commonalities in behaviour across cities with rdger the extent to which journeys are

undertaken by bicycle and the factors behind tloécehof mode and route.

Chapter 10 — Discussion

Based on the findings of the previous chapterspdr®ormance of the spatial analysis model
for urban scale motor traffic flow is presentedludging an evaluation of the weighting
methods applied. The potential to apply the modetfclists at an urban scale is discussed
together with combining the motor traffic and cy¢taffic models. An evaluation of the
potential to model individual route choices is made this is investigated with the findings
for the questionnaire survey. Benefits and shortagmof the model are presented together

with opportunities for future improvements and poied application of the model.

Chapter 11— Conclusions
Conclusions for the thesis are provided includirsgiamary of the findings, significance

and possible application and implications.
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Chapter 2: Literature review
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2.1 Introduction

The research, development and implementation @afrusisale transport networks are affected
by a wide range of physical, political and sociemamic factors. The following literature

review, the structure of which is summarised inuFégg6, moves through this broad, but
relevant, base before focussing on areas diresdgpaated with the research in this thesis,
namely the principles of connectivity and acces$igypiand how these can be investigated

using space syntax to model urban scale transpostonks.

) Section2.12

Modelling Relative
raffic Flow at an Urban
Scale

Transport Modelling at an Urban » Section 2.10

Scale

Connectivity and

7

Framsport
Modal Shift B Section 2.4

Figure 6 — Contents of Literature Review
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2.2 Personal transport in the UK

The population of urban areas is increasing witho 8§ the European population living in
urban environments in 2010 and this is expectedide to 80% by 2020 (European
Commission, 2010). In England and Wales 84% ofpibyulation live in urban areas which
accounts for only 6% of total land area (ONS, 20I2)erefore, urban areas are key to
achieving global carbon reductions. An urban asrarefer to a town or city and associated
suburbs with both a dense population and infragtracincluding houses, commercial

buildings, roads, bridges, and railways.

Cities need to provide a good quality of life whitemaining financially competitive to
support residents and reduce dependency on resotinegefore creating sustainable cities.
Transport is essential to achieve a successfuhisagte city, ft is a truism that transport is
one of the two great ‘nation building’ influence=si(ication being the other) which are basic
to everything elsgMinistry of Transport, 1963). The developmentaotity however needs
to take account of its own strengths and weaknebsd#ls current and historical, in order to
progress to sustainabilitpjs each city is different we have to find our irdlral ways towards

sustainability (Aalborg Charter, 1994).

The concentrated nature of urban areas, with shstdnces between origin and destination,
presents the opportunity for modal shift from @aatmore sustainable mode to be a realistic
option to reduce the negative impacts of car uselstvmaintaining positive gains through
efficient mobility. Passenger cars in the UK entit&3% of all greenhouse emissions from
road transport in 2009 as illustrated in Figure.7This has only slightly reduced from 66%

since 1990 (DECC, 2012). On average each urbanahwebkes three trips a day during the
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working week and this has not changed since th@s 86monstrating that whilst trip making

propensity has not changed the means of transpsr{Tolley, 1990).

Mopeds &
motorcycles
HGVs 1%

Buses
5%

Passenger
cars
63%

Light duty
vehicles
13%

Figure 7 - Greenhouse gas emissions from road transport ibkhm 2009 (DECC, 2012)

Between 1970 and 1990 the average distance trdvugjla UK resident per year increased by
a third from 4,476 miles to 6,726 miles. This pehke1995/97 at 6,981 miles per year and
has fallen slightly to 6,691 miles per year in 2qQID&T, 2013e). Average trip length also
increased by more than a third from 4.7 miles idQL& 7 miles in 2011 (DfT, 2013e). The
number of vehicle miles travelled by cars and taxihe UK has increased fivefold in the last

60 years, accounting for 80% of traffic on UK roaas illustrated in Figure 8.
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Figure 8 -Increase in motor traffic in Great Britain (DfT, 2Zb)

Joanne Patterson 34 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

Current data indicates that there are 34.7 miliars on the road in the UK (Energy Institute,
2013). Figure 9 presents data from the Nationah3part Model for the UK based on
behavioural observations, traffic volumes, econempeices and emissions (DfT, 2009b). It
confirms that motor traffic is dominated by the ead that this trend will continue beyond
2035, with a rapid rise in total motor traffic, peularly cars, from 2015.

180 1
160 -

140 -

100)

120 -

100 -

80

60
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Figure 9 - Forecast growth in motor traffic by vehicle typeTP2009c)

Figure 10 illustrates that the purpose of journieyke UK is spread across business, education
and leisure, with 19% of journeys made for comngitamd business purposes, 20% for
shopping, 30% for social visits and leisure, 20%ersonal business and 11% for journeys
to school (DfT, 2011a). Each journey type has déffiie requirements, such as timing, need to
carry equipment/shopping, distance to travel andpdexity of journey and these influence

the mode used.

Statistics describing the mode of transport emplagehe UK (Figure 11) indicate that only
2% of trips were made by bicycle even though datdife previous year showed that 20% of

all trips were less than one mile in length (DfU02b).
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Figure 10 -Proportion of mode purpose in the UK in 2010 (C2011a)

In 2010 it is reported that the average cyclist en@drips a week by bicycle, travelling 16
miles which totalled a quarter of their total traos requirements (DfT, 2011a). These figures

confirm the potential for modal shift.

_ other
rail
localand non- 39
local buses
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car/van bicycle
passenger 2%
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Figure 11 -Proportion of trips per mode share in the UK in 2QRfT, 2012a)
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2.3  The need for change

Traffic is one of the main sustainability issuesuiriban areas, as people, and associated
vehicles, move around in concentrated areas reguftienvironmental, social and economic
problems including:

. increased emission of air pollutants including carlmonoxide (CO), carbon dioxide
(COy), oxides of nitrogen (NOx), volatile organic conypals (VOCs) and particulates
(PMuo);

. reduced visual amenity;

. reduced road safety and increased incidence ofiets;

. increased noise from motorised transport;

. congestion over longer periods resulting in unkadigourney times and delivery of

goods to businesses taking longer.

Opportunities to reduce transport related-€@issions can include changing fuel type, using
more efficient vehicles, reducing the amount of ondrtaffic on the road and changing overall
traffic behaviour through infrastructure and infaton (Tolley, 1990). The vehicle
manufacturing industry is being pushed to reducessons through technology development.
The EU New Car C&Regulation (European Commission, 2009) introduce&09 specified
that average emissions for all new cars should3g LQ per km by 2012 and that this
should be reduced to 95g €@er km by 2020. This is an overall reduction o¥#6n 2007
levels (DECC, 2011). The introduction of more aéit fossil based transport technologies is
clearly important and should be continued. Howewehieving modal shift, particularly to
active transport (e.g. cycling and walking), nolyaignificantly reduces emissions, reducing

dependence on fossil fuels and has a number of stizgetal benefits.
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Research by Lovelace et al. (2011) investigatedrttpact of pro-cycling interventions on
energy savings as a result of reduced consumptielband cars and energy costs associated
with the increased demand for food. A net reducbbmprimary energy consumption was
found, with reduced fuel consumption being thedatgingle energy impact. This is supported
by results from the European Cyclists Federatiodl{2 that compared GOemissions
produced by cycling compared to other modes. dpsnt indicates that cycling is responsible
for 21g/km, with the average car producing 271ghvat bus generating 101g. However,
findings by Pooley et al. (2012) have argued that ¢ontribution that modal shift has on
transport related emissions is relatively small #mat gains to personal health and local

environment are more significant.

Air quality in the UK has improved significantly ew recent years due to reductions in
emissions from individual domestic, industrial @rehsport sources through the introduction

of cleaner technologies and fuels, as illustrateigure 12.
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Figure 12 -Emission trends of key pollutants for the UK (DEFRA10)
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There has been a shift in the main source of eamssaway from industry and domestic
heating. Large combustion plants associated withep@eneration and transport are now the

main two sources (DEFRA, 2010).

Health impacts associated with exposure to aiugot from motor traffic include causation
or worsening of asthmatic conditions through taypeure death from heart and lung disease
(WHO, 2013). The World Health Organisation statad1D46 that Health is a state of
complete physical, mental and social wellbeing antl merely the absence of disease or
infirmity. The enjoyment of the highest attainagikndard of health is one of the fundamental
rights of every human being, without distinctiomaafe, religion, political belief, or economic
and social conditions(WHO, 1946). Successful local urban design cam@mge exercise
which reduces heart disease, respiratory problebesity, and diabetes, and improve mental
wellbeing (Barton, 2010). Sallis et al. (2009) seisfgd that street connectivity is a major built
environment feature that can have a direct impacadive transport. In 1992 the British
Medical Association reported that health and thdrenmental benefits from cycling were
more important than concerns associated with astsd8MA, 1992). Accidents associated
with road traffic reduced from 3,201 in 2005 to308n 2010 as a result of an increase in
traffic calming measures, education, training amt@ases in speed enforcement legislation
(DfT, 2011b). These figures are improving but aré significant. These, and the previously
mentioned health impacts can lead to a reducedktyoélife, increased costs associated with
health care and reduced productivity at work ambet These impacts could be significantly

reduced if levels of traffic associated with lasgale modal shift are achieved.

A successful transport system is essential for@agteconomy.Connectivity provided by
transport is crucial for a modern economy — allogvfor goods to be moved to market, helping

employees get to work and providing access to a vadge of services and leisure activities’
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(Cabinet Office, 2009). Both direct and indirecstsoare associated with the construction and
operation of all modes of transport. Direct finah@osts relate to building, maintenance and
operation of transport equipment and are usualyised by the user of transport through
purchase of equipment, taxes and general runnisgs.cindirect costs relate to broader
impacts associated with the means of transporgstructure and its operation and are much
more difficult to assess. The true cost of a joyrdoy car should include personal direct costs
such as fuel, parking and general running costethey with broader costs including

congestion, noise, accidents, pollution and impactaccessibility.

A study looking at the indirect costs of transporturban areas in England, including
congestion, poor air quality, accidents and physrectivity identified a combined cost of
around £10 billion per year on the UK economy (@abiOffice, The Strategy Unit, 2009).
This indicates that, as illustrated in

Figure 13, higher financial costs associated with excesaydetre predicted, together with
increased financial burden on health care reldtragcidents and physical inactivity and poor

air quality are potentially equally significant.

Costs relating to greenhouse gases are reportedlly lower, but the impact of climate change
is much more difficult to assess, particularly ogl@abal scale over long timescales, and it is
likely that this is significantly undervalued. Thisdicates the potential of improving the
effectiveness of the road network and includinglitées for sustainable transport options in

urban areas, financial cost savings can be maadgsitbe the non-financial benefits.
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Figure 13 -Comparison of the wider cost of transport in urbegas in England (Cabinet

Office, The Strategy Unit, 2009)

2.4 Modal shift from car to bicycle

To reduce the direct and indirect costs assocwattdmotor traffic, urban dwellers need to
change their behaviour to more sustainable modgramgport. There is a need to demonstrate
that there are real alternatives available foragertrips, whilst acknowledging that not all
modes are suitable or convenient for all journéylse most reported factors that prevent
people from cycling are journey distance, gradi¢raific safety, heavy motorised traffic,
inconsiderate drivers, pollution, bad weather,efsth and social pressure (Gaterslaben and
Appleton, 2007). Huwer (2000) indicated that maagtdrs influence national and regional
variations in cycling uptake including availabiliyd price of bikes, degree of motorisation,
density and concentration of land use, gradientiedisas income, social attitudes and weather.
These factors, where possible, need to be remowvedproved in order to see a significant

increase in the number of cyclists.
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Several countries in mainland Europe have beenessf@d in encouraging cycling as a
realistic and effective alternative to the carghort journeys. In countries with high levels of
cycling, including the Netherlands, Denmark andr@ery, the public are more committed to
protecting the environment, green parties haveeatgr role in Government and there is a
willingness by individuals to change travel behavioMcClintock, 2002). In The
Netherlands, 27% trips are made by bicycle whish|lastrated in Figure 14 — Overview of
cycling in a selection of European countries (Pueimel Buehler, 2008)Figure 14, contrasting

with levels well below 5% in the UK, Italy and Fan(Pucher and Buehler, 2008).

Country Share of cycle trips (%) Cycle distance per person per day (km; 2000)
UK 1% (2005) 0.2
Ireland 2% (2002) 0.5
Italy 2% (2000 0.4
France 3% (1994) 0.2
Norway 4% (2001)

Austria 5% (1995) 0.4
Switzerland 6% (2000)

Belgium 8% (1999) 0.9
Germany 10% (2002) 0.9
Sweden 10% (2000) 0.7
Finland 11% (1998) 0.7
Denmark 18% (2001) 1.6
Netherlands 27% (2005) 2.5

Figure 14— Overview of cycling in a selection of Europeauictries (Pucher and Buehler,

2008)

Within its Bicycle Master Plan implemented duritg t1990s, The Netherlands focused on a
wide range of issues including cycle infrastructuoad safety, mobility and modal choice,
and employer engagement to increase commutingdyglel As a result 37% of journeys of
less than 2.5km are made by bicycle, comparedsioZt in the UK (Pucher and Buehler,
2008). Large increases in cycling have also bedieaed in Germany with annual cycled
distances increasing from 17 to 24 billion kilonestbetween 1970 and 1997 (European
Commission, 1999) with recent figures indicatin@j4a5 % mode share for cycling in 2013,

up from 9.5 % in 2002 (ECF, 2014).
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2.5 Buildings, infrastructure and planning to suppat sustainable transport

Urban areas are not static with population, bultiienment and government policies that
influence their evolution constantly changing owee. The way in which buildings are
positioned can influence how they will be usedjrtberformance and the amount of energy
used to move people between them. The infrastreigtithin urban areas has a very important
role within the development of a city. Barton (2DHfated thatthe planning, design and
management of the physical environment can enhavell quality of life, promote social
inclusion and husband natural resource€onversely, infrastructure can have a detrimental
effect on overall quality of life if poorly plannedesigned and maintained. Jones, Marshall
and Boujenko (2008) confirm that the existing stesezironment in the UK is unattractive for
people on foot and that the street needs to bedsmesl within the wider context, with design
solutions based around both the place and theAodording to De Jong (1986) motorised
transport and its dominance over urban areasdifsrentiated and ‘killed’ the street. This
began with the banishment of pedestrians to pavenaen the widening of surfaces through
demolition and infill of water courses. This waldwed by installation of cables, pipes and
rails for trams. Car use finally destroyed the rgadjuilibrium ending the social use of streets

for street trades, processions and parades, chilsirgames and celebrations and recreation

Infrastructure supports buildings, including essgrfacilities and services such as roads,
pipelines, overhead cables, reservoirs and othgsigdl services are the most permanent
features within the built environment, often havingger operational lives than individual
buildings. Infrastructure is constructed and adapteaccommodate social, economic and
environmental situations that develop over time @disually dictated by technological
developments. For example, the development androatisn of the London Underground

transport system during the late™and early 200 Century (Long, 2011), the erection of
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electricity pylons in the 1930s to accommodate dbeelopment of electrification and the
National Grid (Snow, 1993), and the widespreadhitetion of mobile phone masts during the
early 2% Century have generally been accepted by UK retsdes part of the landscape of
the country. Once installed, opportunities to reggtesfrastructure on a large scale are limited
and costly. Therefore careful planning and desigitha outset and working with other
organisations involved in infrastructure and thedudler built environment can help to create
more sustainable places. Infrastructure can stepeharacteristics of an area and determine
how people move around and use places. In somatisits transport infrastructure can be
adjusted to suit changing demands rather than timgeis expensive new facilities at an early

stage of development (Ortuzar and Willeumsen, 2011)

Patterns of travel in a city are affected by, améurn help to form, the cities characteristics
(Lapin, 1964). Transport infrastructure within thajority of UK cities is dominated by roads.
In order to improve the sustainability of a cityregion, roads need to become more accessible
for more sustainable modes of transport. In mas¢scia degree of reorganisation of the
existing built environment and the associated siftacture is likely to be necessary to create
a more sustainable transport system. The betternmgd the planning and design of this
reorganisation, the more successful investment pellin creating a more effective and
sustainable transport system. Marshall andskati (2011) evidence that a lack of integration
between urban morphology and urban design creabes yplaces that are dysfunctional and
that urban morphology and urban design should wogether towards a common end. In
many cases incorporating sustainable transportexitting urban areas may be difficult due
to space constraints from the existing built enwinent. In many city centres the width
between building facades provides a limit to theeeifor improved cycle ways, particularly
when attempting to accommodate other sustainabigonents including trees and green

borders.
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An urban scale approach to transport managemerecsssary to prevent the diversion from
residential to arterial roads which occurred witlicBanan'’s ‘environmental areas’ approach
of the 1960s (Ministry of Transport, 1963). Routascirculation are only part of the physical
built environment along with buildings and greerasgs. Therefore a strategic vision is
required which considers the needs of each uséneohetwork. By using an urban scale
approach, infrastructure needs to be combined sp#tial, economic, legal, psychological

and educational policy measures (Tolley, 1990).

Walking and cycling are two of the most accessilnld sustainable forms of physical activity
and are more likely to be dependent on neighboutltssign than other physical activities
(Lee and Moudon, 2008). The Manual for Streets (207b) and its follow on Manual for
Streets 2 (DfT, 2010b) define the way urban streetsdesigned, constructed, adopted and
maintained in the UK. Among the key recommendatiamhin these documents is the
guidance toreflect and support pedestrian and cyclist desimed in networks and detailed
design. They recognise that transport strategies shookdfocus on traffic congestion
reduction, but should prioritise economic regenematclimate change, casualty reduction,
reduced air and noise pollution, minimise the immddransport on the natural environment,
heritage and landscaping, and encourage more sasSkaiand healthy patterns of travel

behaviour.

Research supports the argument that higher densiijgort more sustainable travel patterns
and low carbon cities, as transport distances lmtveentres is shorter, therefore enabling
higher levels of walking and cycling (Newman andniterthy, 1999; Chen et al., 2008).

Titheridge and Hall (2006) and Durand et al. (20bind that dense, urban areas encouraged
the use of public transport, cycling and walkingl anorter journey distances. Stinson and

Bhat (2004) have found that individuals residingl aorking in more dense and connected
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urban areas are more likely to commute to work ioydbe. Smart growth is a concept that
emphasizes density, diversity and design (Cervedokdockelman, 1997). Lee and Moudon
(2008) reported that uninteresting/utilitarian @aaevithin which to move created barriers for
sustainable transport, and that urban design athjlg practices can promote compact and
mixed uses through locating restaurants, shopsbandéls in close proximity to residential
uses. A compact, dense urban area provides comslitay efficient public transport whilst
reducing distances needed to travel. This is sup@dry diversity of services, which reduces
the need to travel long distances for frequentrjeys, and design, which provides an attractive
environment in which people want to be part of &maupport. It has been suggested that
employment densities at the destination are pgssiloire important than population density
at the origin (home) (Ewing and Cervero, 2001; @Gtsat, 2003; Zhang, 2004; Chen, 2008).
Therefore by grouping workplaces together, susbkdénmovement patterns could be focussed
along well connected, common routes. Chen (2008pests that improving sustainable

transport access associated with locations maydre effective than limiting car access.

Previous guidance in the UK recommended densifiaswly constructed housing at national
indicative minimum of 30 dwellings per hectare (HgBCLG, 2000). In 2010, the UK
Government reissued its Planning Policy Statem@&&3Housing, removing the national
indicative minimum density of 30 dph from the pmms version which follows the
Conservative/Liberal Democrat Coalition Governmergblicy of putting power into the
hands of local authorities and communities to mage@sions that are best for the(@CLG,
2011). Density guidance is now based at a locaégowuent level providing flexibility to set
density ranges that suit local areas as set otltdrNational Planning Policy Framework
(DCLG, 2012). This framework aims to deliver susédile development, but this will be

dependent on how local authorities interpret ite Framework does emphasize that local
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planning authorities should support a pattern eetment which, where reasonable to do

so, facilitates the use of sustainable modes ofpart.

With a 1% per annum replenishment rate of housige UK for 20 million existing homes
(DCLG, 2006) there is little opportunity across muwt the existing built environment to make
significant change in housing density. The UK’stdnigal trend for low density housing
means that people are likely to have to travehinto work, making them more likely to opt
for motorised transport (Newman and Kenworthy, )9%8erefore changes need to be made
to the layout and infrastructure associated wiiktarg housing to make the transport changes
required. Short distances between homes and slagse facilities and workplaces make
cycling and walking a more viable and an attracsiternative to motorised modes. Increasing
mixed use areas by locating facilities within arséiodistance from each other present the
opportunity to reverse this trend. Nucleated settiets where homes, shops, workplaces and
recreation are located within a short distance feach other reduce the need to travel whilst
also encouraging community spirit and communitypoesibility (Hudson, 1978). In a study
in Northern California, USA, Handy et al. (2005ppided evidence that land use policies can
support a reduction in car use and demonstratécatizessibility may lead to a decrease in
driving if all else remains equal. They suggest thanew developments, mixed use zoning
should be used to locate commercial and retailegpagdthin close proximity to residential
areas and street connectivity ordinances that endivect routes between areas. In already
developed areas, revitalisation of existing shogreas, incentives for infill development,
and redevelopment of underutilised shopping areakl@ncourage less car use (Handy et al.,

2005).

Improvement of local access to key services antlitfes increases social interaction and

appreciation of the surrounding landscapes and én¥ironment. The subsequent use of local
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facilities such as libraries, shops, post offices eafes stimulates the local economy, therefore
maintaining local jobs and reducing pollution amtgestion as fewer trips are made by car.
For examplelocal shopping centres flourish on streets withaggst connectivity and where
footfall is high. In today’s economy this is vemportant to stimulate jobs and maintain
community cohesion. Policy should work to incrgasgestrian and cycle connectivity which
would create new links and overcome the severafieetencluding heavy traffic(Barton,
2010) The choice to walk or cycle, together with the alste to travel, will also depend on
the purpose of the trip. For example, it is veifficlilt to undertake a trip to the supermarket
for a weekly food shop by foot or bicycle, whereagaily walk to school or regular cycle to
the workplace is possible for many people in urti@as. Therefore, appropriate planning and
design of neighbourhoods can have a significantachmn modal shift by encouraging
accessibility and reducing distances. This can rec#dhe appeal of sustainable transport
methods, therefore encouraging the modal shift ntisle and the benefits that go with

sustainable transport modes.

Cycling enables flexibility, providing freedom ajute choice and timing, it is cheap, and can
be relatively quick, particularly in urban areasheTenvironment experienced by cyclists
includes buildings, public open spaces, roadsfi¢dradind other modes of transport. Good
guality sustainable travel opportunities could beorporated into all built environment

changes, whether new build or refurbishment, thincalfstages of development including:

e sgpatial planning — utilisation of new or existingfrastructure, accessibility to new or
existing services, novel modes of transport (elgctec bikes), attractive and safe
sustainable modes of transport;

» design — car parking, density of buildings, bicysierage, facilities at the workplace (e.g.
showers) and encouragement of home working;

» construction — efficient project planning and pnauent;
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« utilisation/maintenance — bicycle sharing, car sttgiwalking buses, limiting vehicles.

If cycling is left out at early planning stagesn#fw developments, as well as in the detailed
design and implementation, problems occur at mawsl$ (Jones, 2001). For example, failure
to recognise a bicycle as a vehicle can providsatisfaction with physical provisions whilst
mixing pedestrians and cyclists can be hazardoumtio due to the different travel speeds
(McClintock, 2002). Cycling facilities should be ridered with all transport related
programmes, and the Chartered Institution for Higysvand Transportation (2001) suggested
that authorities needed tconcentrate their efforts on raising standards,iegung priorities,
making selective modifications and providing ocoaal missing links rather than planning
new networKs therefore indicating the importance of modifyimgd improving existing
infrastructure. With regards to integrating cyclingp urban areas, The Chartered Institution
of Highways and Transportation (1996) recommendhgtarchy of solutions to encourage
cycling:

. traffic reduction;

. traffic calming;

. improvement of junctions;

. redesign of carriageway;

. separate provision of cycle lanes and tracks.

This hierarchy has generally been supported a@@08 the conversion of footpaths to shared
use cycle tracks for pedestrians and cyclises added to the hierarchy (DfT, 2008b). Despite
this hierarchy being designed to encourage cyclirfgcuses heavily on motor traffic rather
than making direct improvements for cyclists. Parknd Koorey (2012) and Parkin (2010)
confirm that this approach leads to changes toetkisting network taking place at the
individual route level, without understanding demh@n broader engineering parameters that

are pertinent to the cyclist.
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Generally, guidance should be flexible rather tipmescriptive, taking into account the
contextual situation. For example, BREEAM certifioa (2013) and the Code for Sustainable
Homes (DCLG, 2011) allocate ‘points’ for creatimmases for bicycle parking and in order to
achieve high ratings these facilities need to lo@ided. This can cause problems at the design
stage due to a lack of space for development duegto densities, and in other situations
bicycle parking spaces are required in wholly imappate situations, such as at homes for
older people where the majority of the residen¢srant capable of using a bicycle, with cycle

parking only being used by visitors.

It is generally believed that the best way to ttasehe quickest way, as presented by the
CIHT (1997) which found that travel-time accounts 80% of the costed benefits of road
schemes. Therefore, changes in the built envirohed the associated infrastructure need
to be supported by a change in the way people thlwdut mobility and this should be

supported by policy.

2.6 Policy to support sustainable personal transpor

The development and implementation of internatipnational, regional and local policies
across government departments should be implemen&tourage an increase in the uptake
of sustainable modes of personal transport suay@sg. Departments with responsibility
for spatial planning including urban developmehg &nvironment, health, the economy and
training and education should integrate cyclingoirtheir policies (European Cyclists
Federation, 2011). Planners, architects and trafffcastructure and maintenance engineers
are among many practitioners involved in transptatning in both the public and private
sectors directly or indirectly. These parties neelde able to identify the links between cause

and effect in transport decision making, as eitiv@viders of transport services or users
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(Hensher and Button, 2008). Other groups and iddals such as the general public,
councillors, charities and other voluntary groupaymequire guidance on how transport
should be planned and implemented in order to gtangth lobbying for changes to the built

environment which encourage the use of more sugilermodes of transport.

Issues confronting policy makers have changed looommodating transport infrastructure

to managing transport (Hensher and Button, 20083wtequires a greater knowledge of the
behaviour of people within the system. Policy lielgato transport has become more complex
interlinking many other areas including planningdamwrban design, health, air pollution,

education, employment and sustainability/sustamalelvelopment. Policy instruments used
within transport can involve changes in land usiastructure, management, information and
pricing (CIHT, 1997) and policy development and iempentation can have a direct or indirect
impact on sustainable transport. For example, eoananterventions such as congestion
charging, parking controls and charges, fuel ardcle taxes, road tolls and investment in
public transport can influence the uptake of suosiale transport by providing a direct

economic incentive or penalty to drive modal shRhysical interventions such as the
construction/widening of roads to better accommedatclists, increasing cycle parking

facilities, improving public transport and makingcassibility improvements for pedestrian

and cyclists may provide the conditions for an éase in modal shift towards sustainable
transport, but provide no direct incentive. Cortflican arise between different policy areas.
For example, even though many regions across thafdkactively encouraging the use of
sustainable transport (e.g. via regional transptgtegies), planning policy changes have
eliminated both the limitations of parking spacethim new residential developments and the
guidance encouraging high parking charges in taawmtres as the Government felt that drivers
were being unfairly penalised (PPG3: TransportRR&13: Housing) (DCLG, 2007). These

changes are likely to encourage more car use r#thaer encouraging modal shift to more
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sustainable options. These conflicts need to begrésed and remedied to ensure that impacts

are minimised wherever possible.

Pedestrians and cyclists are often underrepresentetional and local government policies
in the UK. Terminologies used add to the problenthvtransport’ being favoured over

‘travel’, where ‘transport’ implies mechanisatidn.the EU Transport Statistics of 2011 the
word ‘bicycle’ is only mentioned once (European Quoission, 2011). Cycling policies need
to be higher on the transport policy agenda and t@ée coordinated with community wide
plans, improved enforcement and taking opportunttieencourage cycling in wider strategies

for health, air quality, leisure and recreation (liatock, 2002).

2.6.1 UK policy and guidance for sustainable persahtransport

The Buchanan Report (Ministry of Transport, 1968)ught together two subjects that had
previously been treated separately; (i) the plagrand location of buildings, and (ii) the
management of traffic. Until this time the freedpnovided by the motor car was seen as
something to celebrate, with extensive plans fghltapacity roads and motorways. The two
components of the built environment considered hglnan, that significantly impact on
each other, had traditionally been considered s#glgrin their planning, design and
implementation. The Buchanan Report Stated tihas imperative that they should not be
applied haphazard by different authorities reactiaglifferent stimuli and following different
timetables, but in a carefully coordinated way aftemprehensive analysis and study of the

whole complex

The Transport Policy White Paper of 1977 (UK Goweent, 1977), for the first time,

recognised the need to conserve oil supplies amahéled to reduce dependency on the car
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following the olil crisis of the early 1970s. It enraged local authorities to consider ways to
help cyclists, including cycle routes and speadaiaffic lights. The White Paper provided a
number ofsuggestion®n how to increase cycling including the freeipgati side streets from

all but minimum access traffic which could be desitgd to form cycle routes in urban areas.
It also suggested that it might be possible to tansnew cycle-ways in areas of open space
or redevelopment. This policy document led to theedlopment of dedicated cycle routes in
cities such as Nottingham and Cambridge. Howetier1880s saw an increased focus on the
car with the biggest road-building program since Romans being introduced through the
White Paper ‘Roads for Prosperity’ (Department cdnsport, 1989) and a decrease in the

numbers of buses due to deregulation.

Local Agenda 21 (LA21) (United Nations, 1992) wasgiated at the Rio Earth Summit in
1992. LA21 was designed to encourage people tomedavolved in discussions about
important issues in their area and all Local Auties were encouraged to have LA21
strategies in place. LA21 was the first step towaldcalisation of decision making.
Sustainable transport was a key issue, encouratfiaggiving of priority to cyclists,
pedestrians and public transport. The SustainableebDpment Strategy, released by the UK
Government in 1994 in response to the Rio Earthnsiirhighlighted the need for dependency
on the car to be reduced. This ethos was thenpiocated into national planning guidance.
For example, Planning Policy Guidance 6: Town Gentind Retail Development (PPG6)
(DoE, 1993) encouraged the reduction of traffiotlgh towns and recommended improved
access and secure facilities for cyclists. Planfalicy Guidance Note 13 (PPG13) (DCLG,
2007) was a significant step forward as it encoedatihe consideration of other forms of
transport, including cycling, and to utilise forna$ development that assist with their
deployment. Local authorities were specifically exko indicate that they were developing

policies to make better provision for cyclists.
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In 1994 The Royal Commission on Environmental Rmlurecommended that 10% of all
urban journeys should be by bicycle by 2005 (HM&@94). This led to the launch of the
National Cycling Strategy in 1996 (DETR, 1996) whigas a key turning point for cycling
in the UK with emphasis placed on cycling beconarngiority on the highways, in the centre
of town, at the workplace and in new developmehésgets were set to double cycle use by
2002 and double it again by 2012, relative to 11@98ls. It stressed that more people want to
cycle, especially for local trips, and that witliesaconditions on the road a ‘critical mass’ of
cyclists would be encouraged. The Strategy stdtad‘€ycling will feed on its success and
make our streets safer and cleaner for everyoey objectives of the Strategy related
directly to infrastructure including téAthieve convenient cycle access to key destinations
reallocate road space to cycling and making thet hesse of existing infrastructure and
resources to integrate cycling into other prograrsmé&hese policies to encourage the
development of cycle infrastructure and guidancesvpgoduced by the Transport Research
Laboratory on subjects including Cycling in pedestrareas (Trevelyan and Morgan, 1993)
to Trip end facilities for cyclists (Gardner andI&y 1997) and to Monitoring cycle use
(Davies, Emmerson and Pedlar, 1999). Local investiwvere supported by the development
of the National Cycle Network, established by thardy Sustrans in 1995. £42.5 million of
National Lottery funding encouraged local authestio invest in cycle routes, path networks
and other cycle infrastructure in order to reduae wse, and to identify effective ways to

increase accessibility by bicycle (Cope et al.,300

In 1998 the UK Transport White paper ‘A New Deat firansport: Better for Everyone’
(DETR, 1998) stated that it wanted to improve takety of vulnerable road users, including
pedestrians, cyclists and motorcyclists, with a isgstem of funding for local transport and
Local Transport Plans (LTPs), building on the LA@ihcept and placing more emphasis at a

local level which could be more specific to the teom of the local areas. LTPs were to include
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local cycling strategies, with some local authestisuch as Oxford, York, Bradford and
Edinburgh taking the initiative and developing lomegm cycling strategies. LTPs were to
include maintenance of cycle lanes, speed rest@itriaffic and adapting road space for more
cycling facilities. Guidance for LTPs was produ@ae@000 (DETR, 2000), 2004 (DfT, 2004a)
and 2009 (DfT, 2009d). In the 2000 Guidance docuntte DETR stated thatand use
planning is the most important long term solutiorour transport needs at both strategic and
practical levels. Good integrated planning redutles need to travel and makes jobs and
services more easily accessible for all....we rteechange the way we plan, with a greater
emphasis on enabling access by walking, as wetiakng and public transpottLTPs in
England and Wales were required to include a 5 seategy in their bids for capital funds to
help deliver the transport requirements, which enaged long term planning at a local level.
The guidance provided for the delivery of the LM2sied and enabled targets to be very
loosely set, for example, ‘no reduction in cyclee’'ugas considered a satisfactory target
(Golbuff and Aldred, 2011). Financial incentives revealso introduced to encourage an
increase in cycling to work, such as the ‘Cyclé\ork’ tax incentive scheme introduced in
the Finance Act of 1999 which removed the tax chang green commuting benefits such as
bicycles and associated safety equipment, togetitara tax free business travel rate for

cycling.

Planning Policy Guidance (PPG) notes, introduceduiph the Planning and Compulsory
Purchase Act of 2004, provided the policy and guigafor the planning system in England.
In Wales, Technical Advice Notes (TAN) provided advto local authorities when producing
development plans. PPG13 (DCLG, 2007) in Englangiged guidance on Transport whilst
in Wales it was provided in TAN 18 (WAG, 2007). Adtugh these were specific to transport,
many of the other PPG and TAN documents providediagnece for areas relevant to transport,

for example Tourism (TAN13, WAG, 1997), Planning faral communities (TANG, WAG,

Joanne Patterson 55 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

2010) and Planning and affordable housing (TAN2,8YR006). PPG6, Town Centres also
had direct links with transport. PPG and TAN wezplaced in 2012 as a result in the change

in the UK government in 2010, as discussed below.

The Transport White Paper of 2004 (DfT, 2004b) dnee less target specific, stating simply
that cycling should be increased and saw the almameot of the National Cycling Strategy
targets to quadruple cycling targets by 2014. Aartirect approach was taken in 2005 with
the funding of Cycling Demonstration Towns, to istigate how increased investment could
increase cycling. Exeter, Derby, Brighton and Hovancaster/Morecambe and Darlington
each received £1.5 million over 3 years, with tineaker town of Aylesbury receiving
£900,000 for the same period. Each town was invdetkvelop its own local strategy (Sloman
et al., 2009). Findings showed an average cyclatg increase of 27% across the 6 towns in
locations where automatic counters were located i@entified that occasional cyclists have
increased the amount of cycling by 14% (DfT, 2009Rgporting on this investment
demonstrated the difficulties in collating and répg statistics for cycling across urban areas.
In 2008, an additional 10 towns and 1 city wereimporated into the Cycling Demonstration
Towns initiative. Darlington, Peterborough and Waster also received funding under the
Sustainable Travel Towns initiatives to develop geranitiatives to reduce car use. Initiatives
proposed were more behavioural based ‘smarter’ unesissuch as marketing for public
transport, development of travel plans and gemneatting and cycling promotion rather than

a focus on infrastructure (DfT, 2010Db).

With increasing levels of devolution across the thH€ scale of coverage for transport strategy
and policy varies between different regions anc@uardreas. In Scotland the Scottish Executive
is responsible for cycling policy and has an adwisbody, Cycling Scotland, which

implements Local Transport Strategies (LTS). In &%ala regional based approach was
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introduced in 2006 through the Transport (Wale)2006. This saw the replacement of LTPs
prepared by individual local authorities with Ragab Transport Plans developed by four
Regional Transport Authorities across Wales. Anrarghing Wales Transport Plan was set
up by the Welsh Government in 2007, with the Reglidiransport Plans published early in
2010. Cycling England was established in 2004, gliver the National Cycling Strategy.
Strategy papers were published in England, thefbaissing on transport systems in general
(DfT, 20074a), with the document ‘A sustainable fettor cycling’ following a year later (DfT,
2008a). This focussed on specific areas to betedder investment including initiatives for
schools, increased investment in cycling demonstrabwns, and infrastructure associated
with these. It also provided a cost-benefit evatumiof investing in cycling taking into
consideration improvements in health, reduced csiige and pollution, and estimated the
benefits to be 3.2 times the cost. In 2009, A Wagjkand Cycling Action Plan for Wales was
produced (WAG, 2009) which contained a range abastin cross cutting policies to change
behaviour, create safe, attractive and convenignastructure, to include for cycling and
walking, and to track progress through monitorifigrgets set included tripling the percentage

of adults who travel to work by bicycle and forldnen cycling to school.

Both the English and Welsh strategies emphasiseetherement for interaction and funding
to be provided from other sources as well as tramspuch as health and climate change, to
assist with funding of initiatives to increase angl (DfT, 2005a). Cross-sector working
between health and transport was highlighted idajute produced by the National Institute
for Health and Clinical Excellence (NICE) in 20@®ecifically regarding the promotion and
creation of built or natural environments to enem& and support physical activity.
Recommendations were aimed at many settings atasawcluding toénsure local facilities
and services are easily accessible on foot, bicgol other modes using physical activity

‘ensure pedestrians, cyclists and users of otheresiad transport that involve physical
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activity are given the highest priority when dey#hg or maintaining streets and roadshd

to ‘plan and provide a comprehensive network of rotgesvalking, cycling and using other
modes of transport involving physical activity whishould offer convenient, safe and
attractive access to workplaces, homes, schoolo#ret public facilities’ Specific guidance
was not provided on how to achieve these recomntiemda In 2010 the Department for
Health and the Department for Transport released Altive Travel Strategy, which

emphasizes the importance of walking and cyclingfmrt journeys (DfT and DoH, 2010).

The Conservative-Liberal Democrat coalition Goveenin which came to power in 2010,
introduced a localised and decentralised plannatigypapproach, giving more power to local
authorities. The National Planning Policy Framew@®RPF) introduced in 2012 (CLG, 2012)
aimed to simplify the planning process. This cutrapproach focuses on procedures for
neighbourhood planning promoting community involeg The Framework focusses on the
promotion of growth and development rather thanarservation (Goodchild and Hammond,
2013). The simplification of such documentation tzad to a lack of guidance, particularly
technical, and variation of interpretation of keye terms, such as sustainable development
resulting in differences in practical implementatiof the Framework across regions. This
localised approach, however, supports Lumsdon afdyls (2001) suggestion that previous
targets have failed to be achieved due to a lackdofption of cycling strategies by local
authorities. Decentralised responsibilities includad network and cycling infrastructure,
stating thatwe believe it is local authorities that know theemmunities best, and can make
the changes needed to encourage people to trag&iaably (DfT, 2011c). Decentralisation
has also seen a change in funding approach withate Sustainable Transport Fund of £560
million over a 4 year period being introduced. Thogether with the ‘Linking Places Fund’,

were initiated to directly fund sustainable trapsdjects, particularly cycling and walking.
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A key turning point with regard to the EU commitrhéa cycling was the signing of the
‘Charter of Brussels’ by 60 EU cities in 2009 whimbmmitted signatories to raise the level
of cycling to 15% of all trips by 2020, among otlegcling related targets. Notably, Bristol
and Edinburgh are the only UK cities to have signpdo the Charter (European Cyclists

Federation, 2009).

Through the implementation of appropriate poli@es funded initiatives, levels of cycling
can be increased significantly as has been denadedtm Darlington, which has benefitted
from the Sustainable Travel Town and Demonstrafigeling Town initiatives. Here, cycling
levels increased by 113% over a three year peniaiigh the implementation of smart choice
measures such as school training, promotion atadshanfrastructure changes to the
pedestrian heart of the town, and development wérseadial cycle routes (DfT and DoH,
2010). Changes need to be made to all sectorseobuiit environment in order for these
policies to be successful and for the targets Hatyo be met. Existing sustainable transport
routes need to be well managed and new developmeantkto be carefully planned in order
to achieve maximum effectiveness. The European &uan and Social Committee
recommend that subsidy budgets should be availabldevelop and maintain cycling
infrastructure (European Cycling Federation, 20The question is what should this funding
be spent on? Focussing policies on frequent sisigrete journeys such as the work commute
has the potential to make significant improvememns public health, traffic congestion

alleviation and reducing emissions (Stinson andt,B2204).

2.7  The journey to work

Travel to work is one of the most common persoraaldl movements, accounting for 16% of

journeys (DfT, 2011a). It is undertaken by larganbers of people, requires substantial
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investment in transport facilities to accommodagnd presents some of the most intractable
problems to the urban transport planner (Tolley &odon, 1995). It involves high motor
traffic concentrations on certain routes at certaires of the day, producing high levels of
motor traffic congestion. The UK census of 2011 @I®013) indicated that 760,000 people
cycled to work, 2.9% of the population in Englamal &Vales. 40% of cycling journeys are
for work and business (DTLR, 2001) and cycling iseay real alternative to travelling by car
to work within cities. 43% of journeys within urbaneas in the UK are less than 5km (ONS,
2014) with commuters likely to spend half an houtess travelling to work in major urban
destinations (Neff, 1996). Pooley et al. (2011)orégd that not all short trips can be made by
bicycle or foot and that household interactions,glrception of walking and cycling not being
the ‘norm’ and difficulties created by the physiealvironment impact on potentially higher
levels. The routinely made, planned, relatively rshdistances travelled by a generally
physically able population group make the jourreework an ideal focus for modal shift from
the car to bicycle. Figure 15 illustrates the déf& journey speeds for different modes of

transport in urban areas (European Commission,)1999
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Figure 15 -Comparison of journey speeds for different modesasfsport in urban areas

(European Commission, 1999)
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This demonstrates that in urban areas cycling eaaslfast as travelling from door to door as
travelling by car, and faster than other modestiqdarly over longer distances within the
urban area. Consideration of the journey to worthéesefore key when planning changes to
existing infrastructure or developing new areaseAdy as 1944 Liepmann introduced city
planning issues associated with the journey to vaowk stated thatvhat is needed is to bring
alternative workplaces within daily reach of evegrner’ therefore increasing accessibility
and ease of movement for all (Lapin, 1964). Liepnsamvork focussed on new urban
developments, as at the time vast expansion of ilésavas taking place during the post war
phase. Thompson (1950) supported this work stativad ‘decentralization should be
intensified to remove the social implications associated wiitreased trip lengths and trip
expense. In 1950 Thompson wratiee' ideal is to have the workers place of residemitiein
walking distance of his place of employment ohgifprefers it, within reach by a short bus
journey. During this period however, social and employmerobility were very different
than they are today with distances travelled tokwa®ing primarily short, taking little time

and being predominantly made by foot or bicycle.

At the time of the Buchanan report in 1963 (Ministof Transport) most locations of
employment were found to be arranged in a limitechiber of groups, with a ‘scattering in
other parts of town’. However, the desire for ad®with a garden and a concentration of
industry and other forms of employment within antre areas made it impossible to house
enough workers near their employment. This, togetlid the post war housing emergency,
meant that people could not find housing accommodatear where they worked. As
mobility increased through the availability of tbar and desire to live in the suburbs, the
influence of distance between the home and workplassened. Up to the mid twentieth
century the concentration of employment in, or elds, city centres produced radial

commuting patterns, with morning and evening flmesscentrated along rail, tram and bus
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routes from main employment cores. Hudson (197&)nted that during the 1960s planners
and engineers assumed the general availabilityigéte and public motor transport when
designing new housing developments to replace Blumsing and to cater for the new growth
in population. Land use patterns became more zacedrding to function with housing
estates, shopping facilities and industrial areasdgseparate from each other. This created a
dependency on the motor car to get from one ‘ztmahother. Out of town developments and
replication of local services in dispersed groupshier from housing have all encouraged the
length of journey to increase. This pattern acedéet during the 1970s and 1980s in the UK.
As the number of working women increased, the eaalme more affordable and the distance
that people were prepared to travel in order tasbavhere they would like to live increased.
The Chartered Institution of Highways and Transgtawh (CIHT) (1997) illustrated a change
in the geographical pattern of journeys that toldce between the 1970s to the 1990s with
the traditional ‘radial tip’ pattern shifted towaré more peripheral, ‘cross area’ movement
which reflected the change in land use patternsdastdbution of employment and facilities
such as shops and leisure. As Thompson (1950) hedopsly predicted the worst
consequence of the longer journey to work is tleaipbe get used to it and so accept it as a
normal part of city life In the late twentieth and early twenty first tany there has been
some reversal of this trend with an increase iy o@ntre living in the UK as a result of the

conversion of industrial and commercial buildingiapartments.

Pinjari et al., (2007) investigated causal effeetating to the selection of a place to live based
on lifestyle preferences, attitudes and values. fEsearch was undertaken to support the
merits of altering the structure of the built eoviment in order to change travel behaviour. It
was found that householders locate themselves ilt éavironments which suit their

lifestyles, which include residential location amnalvel options, and that modifications to the
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built environment can bring about changes in trartsjmode choice, when controlling for

residential sorting effects (Pinjari et al., 2007).

Wardman et al. (2007) found that if topographicdldy, compact cities could be made safe
for cyclists and estimated that approximately 43R4oarneys to work could be made by
bicycle. In Copenhagen 55% of commuters’ cycle thcity centre and are encouraged by
off-road routedesideall main roads in the city centre (Jensen, 20B8ydictive modelling
by Wardman (2007) found that by introducingn-segregatedycle lanes on around half of
the routes to work on minor and major routes, cygrhates would increase by 14%, whereas
by converting an entire networksegregatedycle ways there would still only be 21% growth
in cycling to work which would be a relatively srhaldditional impact considering the
financial input that would be required. It was fduthat a package of measures including
modest financial incentives, improved facilities loalf of the journey and good facilities at
work, would be the most effective means of incregsiyclist numbers (Wardman, 2007). In
a survey of 1,941 people Caulfied et al. (2012phtbthat 56% of respondents stated that more
connected on-road cycle lanes would encourage tioebegin to cycle to work, that all
respondents had a preference for cycling on routtslower motor traffic speeds, and that

direct routes with short journey times were the moportant variable for existing cyclists.

2.8 Infrastructure for motor traffic and cycling at an urban scale

A well designed cycle route should aim to improkie tjuality of a cycle trip, reduce the
likelihood of being involved in a road traffic adeint, and create conditions such that more
people will choose to cycle (DfT, 1995). Driverswbtor vehicles are provided with a network
of continuity making their movement straightforwaes$ roads are interconnected at every

street junction (Ramsay, 1990). Conversely, cyclewgls have been suppressed by the lack
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of facilities and by poor road traffic conditiotddpkinson and Wardman, 1996). The existing
road network, with careful management and maintemaoould provide an ideal cycling

facility within urban areas. Cyclists can mix weith all vehicular traffic at speeds below 20
miles per hour (mph), can mix with most vehiculafftc between 20 — 30 mph (unless there
are significant Heavy Goods Vehicles), can mix wdbme segregation from vehicles
travelling between 30 — 40 mph, with complete sggtien being necessary where vehicle
speeds are over 40 mph (CIHT, 1997). Litman (2008trated that improvements including

traffic calming devices, traffic humps and streéees can help to improve model shift through

small scale land use changes.

Highway networks connect the residential, commérana industrial urban and suburban
areas of cities, towns and villages. The intereglatature of the network means that a change
to one part will have implications on other partsh@ network, and therefore potentially on
the modal share. This interaction between diffemrnponents and users of a transport
network needs to be modelled in order to identfiyantify and understand these knock on
effects. Roads are classified into hierarchiesntabée the provision of appropriate guidance
on their design, maintenance, location and usthdrJK the Highways Agency manages the
Strategic Road Network in England (Highways Ager§1.3) which consists of motorways
and major trunk roads, which are either illegahot user friendly for cyclists. In Wales and
Scotland, motorways and trunk roads are managdtebkespective devolved Governments
(Highways Agency, 2013). The upkeep and managenfait other roads including ‘A’, ‘B’
and minor roads is undertaken by local highway auitibs. A road hierarchy reflects the use
and behaviour of the road, and this relates ta#sggn of and features provided on that road.
Variable features can include width of the lanestpaths, lighting, speed limits and road

markings.

Joanne Patterson 64 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

Other classifications exist including ‘Functionalekarchies’ which are used to categorise
actual or intended use within the network as a whad an aid to design, adaptation and
management. CIHT (1997) suggested that a ‘functitamerarchy’ should provide for a
mixture of transport and non-transport uses andlghgupport the idea that a motor vehicle
should intrude as little as possible into neighboods. With newly designed or redeveloped
areas the implementation of functional hierarclegmssible, however, in built up areas where
the existing network is likely to have developectiotime their application may be more
problematic. The Design Manual for Roads and Bisdgevides the general principles for
the design and assessment of highway networkshanuareas within 15 Volumes (DfT,
2008c). At times compliance with guidelines is idifft, particularly in dense historical urban

areas, due to the characteristics of the existinigj &nvironment.

Wardman et al. used a classification system folecgmvision (2007) as follows:
. segregated off-road;

. segregated on-road;

. non segregated on-road;

. major road with no facilities;

. minor road with no facilities.

In 1977 the UK Government Transport White papeestéhat completely segregated routes
would be impractical or far too expensive in mages. Common constraints for off-road

routes in the UK include a lack of space and firarferoviding consistently substandard
solutions can put cyclists at more risk than ipnovision was made at all (McClintock, 2002).
Therefore compromise is required to provide faesitthat are fit for purpose and meet the

needs of all transport network users at an appatgpfinancial cost.
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Sustrans has attempted to stimulate the uptakeegregated off-road routes through the
promotion of ‘Greenways’ which are located alongttees such as railway paths or canals
(Sustrans, 2007). A ‘Greenway’ should be desigmectach the centre of an urban area by
continuing along lightly trafficked roads ratheathceasing at a location away from built up
areas, which features often utilised as cycle patilth as unused railway paths or canals
typically do. It is suggested that a popular ‘Greay should be continuous over its whole
length as breaks in the route, particularly sevazaraused by a heavily trafficked road, will
reduce the use of the route. The Greenways repastians, 2007) stated that pedestrianised
town centres are very often the greatest obstacémtouraging cycling in a town and that
solutions must be devised for every potential baraiong the whole length. It is proposed
that the final element of the ‘Greenway’ is theé@n Street’ which comprises sections of the
continuous route located in built up areas whicbusdh consider the needs of both the
pedestrian and cyclist, and continue along attractmemorable and safe routes. It is
recommended that ‘Green Streets’ should be locared lightly trafficked and slow speed
roads where the invasive presence of vehiclesnsntBhed, providing cyclists with a short

cut to the urban centre (Sustrans, 2007). The dgoigeoviding ‘Green Streets’ recommends:

level routes, rather than dropped kerbs;

. attractive streets with addition of greenery orhldbe road side and the properties;

. open places to pause, sit and talk including grarasy landscaped areas around public
buildings and playing fields;

. home zones (Biddulph, 2003) where streets have teegranged to be more pleasant;

. raised road crossings;

. opening of pedestrianised areas out of peak hours;

. space taken from the road or widening of a footfeayshared use with pedestrians.
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On-road cycle lanes increase the perceived sabetgyiclists by increasing the overtaking
space afforded by motorised traffic and this i®ljkto increase the frequency with which
experienced cyclists use the route and encourage swre confident new cyclists. However,
the effect on encouraging significant numbers a¥ ngclists is likely to be limited as new or
inexperienced cyclists will still be intimidated bHye proximity of heavy traffic especially if

there is a lack of infrastructure and dedicatede®tor cycle traffic (Krizek and Roland, 2005;
Clayton and Musselwhite, 2013). Buehler and Pu¢?@t1) reported from a study of 40 US
cities that bike paths and lanes had significahifjner rates of commuting than cities with

few facilities, supporting the development of bfkeussed networks.

The requirement and provision of new infrastructforecycling should be evaluated in detail
at the early design stage. The impact of inappat@rtycle network design is demonstrated
by the 200km cycle network in Milton Keynes in ti& developed in the 1980s. Although
the network was completely separated from the adem, user surveys found that the
network provided poor personal security, was baelsigned and poorly maintained. Routes
ran through green spaces which afforded little sgcto users and were more difficult to
maintain than those adjacent to main roads. Thearktwas developed more for occasional

leisure purposes rather than for cycling to anchfimork on a daily basis (Franklin, 1999).

A staged approach to the development of a cyclorkthas been taken in Edinburgh with
investment made into off road routes along oldvayl lines during the 1980s which created
a fragmented network. Cyclists were willing to dieom well-connected roads onto off road
routes and, over time, the connectivity of routas improved. On road cycle lanes together
with Safe Routes to School schemes were subseguBvéloped which created a city wide
joined up network (Williams, 2002). Cyclist numbersreased from 1.4% in 1981 to 4.9% in

2011 (City of Edinburgh Council, 2011). One of #&y aims of the current travel action plan
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for Edinburgh is to prioritise the missing or subrglard links in the network such as poorly
surfaced sections of paths and reallocation of s@ate, which the City identify as minor
changes that can make a big difference. The Sko@svernment, through its Guidance
Document for Practitioners, Cycling By Design (T3part Scotland, 2011), recommends to

take the network approach from the start and pegaidetwork planning guide.

One of the most successful attempts in Europed@ase cycling across an urban area took
place in Delft in The Netherlands which proposetetwvork of cycle facilities as part of the
Delft Cycle Plan in 1979 (Department of Transpod &lanning, 2011). Three network levels
were developed to meet the needs of different seoktycle traffic:

. Town level — a grid that connects major destinatiorthin the city located 400 — 600m
apart. This included the construction of large ¢el and other infrastructure to cross
barriers such as railways and rivers;

. District level — a grid of 200 — 300m linking theeatn level grid and also strategic points
within the district such as schools. This used testly and less sophisticated facilities
such as cycle strips (textured and coloured aresa&ed for use by cycle traffic) and
small bridges;

. Sub-district level — providing links in residenteleas to higher level routes.

The aim was to provide coherence across the aityicplarly reducing door to door journey

times. The network approach was more successfuldkpected and the programme provided

evidence that a cohesive, joined up network promoyele use and that expensive facilities

are not required on all routes. Studies of the @nogne by the Ministry of Transport (1986

and 1987) found that overall mobility did not dexge, confirming that the development of

the cycle network did not have a detrimental impactmobility. In areas where the cycle
network was improved, cycle trips increased fror8%-and trip lengths by bicycle also

increased as destinations further away came wittach by bicycle due to improved links.
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The study also demonstrated that improvementsdrcdinerence and quality of the network
resulted in positive changes in route choice. Hannf1990) concluded thathrough
providing a network with a fine grid and good contity the need for detours is reduced which
are not favoured by cyclists, and that origins alesgtinations across the whole city become
within easy reach. Measures do not need to be exgehut should aim to provide continuity.
Expensive measures should focus on high level sputieere they are more cost effective as
they will attract a higher volume of bicycle traffi This example demonstrates how a
masterplan approach should be taken rather thamsg$oty on black spots. By taking a
coherent approach, a ‘mental map’ of a route cagdmerated enabling distances and times
to be assessed which can influence the decisiomigpakocess associated with modal choice.
These all need to be brought together by the lag#iority and promoted on a regular and

consistent basis.

Few detailed studies are available that estimatelé@mand for cycling facilities (Goodman,
Sahiqgvist and Ogilvie, 2014; Law, Sakr and Martin2@13; Titheridge and Hall, 2006;
Hopkinson and Wardman, 1996) together with the esva benefits that these can provide.
Justification to undertake costly infrastructureammpes are required to evidence value for
money, particularly in austere times. In 1996, Hop&n and Wardman compared the full
range of costs associated with the implementatfdiowr cycling infrastructure schemes in
Bradford, UK, including construction and maintenanand they compared this with benefits
including time savings and safety improvements.|l@dbshows estimates of the current
number of trips, the monetary value associated imttroved facilities and the future use of

each route after investment.
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Table 1 - Cost benefit evaluation of four cycle schemes iadBord, UK (Wardman and

Hopkinson, 1996)

Current Value per Future Present
weekly single weekly value of
Scheme : : . . Cost (£)
single journey single benefits
trips (pence) trips (PVB) (£)
Canal Rd -
: 572 18 841 74,000 333,000
widened lane
Canal Rd -
572 30 1027 140,000 77,000
segregated path
Manningham
1110 7 1194 47,000 0
Lane — bus lane
Free cycleway n/a 71 1480 307,000 250,000

Cost estimates for Canal Road were obtained fraclients. No cost was allocated to the
bus lane as there was no additional cost to, @r r@sult of, the cyclist. The cycleway costs
were based on figures from Shayler et al. (1993g8an new tracks. It can be seen that the
present value of benefits added for the widened toes not cover the costs of the works.
The other 3 options all generate more value tharctst and therefore can provide a good
return on capital invested even in areas of lowecyse. This data has been utilised within the

development of Webtag (DfT, 2014a).

Most cycle design guidance in relation to routeickon the UK has been based on Dutch

Cycle Design Guidance (CROW, 2007) which identified following fundamental criteria

for urban cycling routes:

e Coherent — linking major trip origins and destinas; continuous and consistent in
quality;

» Direct — based on desire lines, and that detoetey dise;

e Attractive — on subjective and objective critengls as lighting, safety and aesthetics;
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e Safety —minimise danger and casualties;
« Comfort — well maintained surfaces, gentle gradgieahd designed to minimise

complicated manoeuvres and interruptions.

This guidance combines features of a journey aatativith the source, route and destination
together with infrastructure, geography and inteoacwith other route users, all of which can
be influenced with careful planning and designkPaf2007) stated that cyclists are likely to
accept a trade-off between these characterisocgxample to trade a lack of directness for

enhanced safety, with others favouring a more tin@mde with a quicker journey time.

In an attempt to support the changes required a@obthilt environment research has been
focused on mode choice and particularly the infuastire most likely to encourage more
cycling. A survey by Lee and Moudon (2008) foundtttsufficiently active’ people lived in
environments with more supportive infrastructure dotive living, including smaller street
blocks, fewer motor traffic lanes and slower t@fpeeds. Participants agreed that there were
more people cycling in their neighbourhood, whitth@gh might be perceived rather than
actual, provides encouragement to others to statiftue cycling. Overall they found that
interventions from small changes including morehtilgg and benches to longer term
interventions which include street layout and larsg¢ practices had a positive impact on
increasing cycling (Lee and Moudon, 2008). GuthBayvies and Gardner (2001) found
attractiveness of the route and smoothness ofdld surface to be two of most popular
features of a cycle route whereas Westerdijk (1990nd distance, pleasantness and safety

were the most important criteria.

Wardman, et al. (2007) suggested that a threehhaidtase in cycle share and a reduction in

car commuting trips by 13% could be achieved iiqge$ were developed around a package
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of measures which included enabling cyclists to plete at least half of their journey to work
on a dedicated cycle route with associated faesljtproviding good facilities at work (e.qg.
cycle parking, changing facilities) and offeringreancial incentive of £2 per day. This should
be supported by improvements at junctions, locidisahrough land use planning and road

pricing (Wardman et al., 2007).

2.9  Connectivity and accessibility

Connected neighbourhoods are essential for vifaligbility and choice, with links between
activities and places helping to ensure succesgq®a2010) with good access, into and
through spaces, creating interesting places (Brdivafd Rao, 2002). lacono et al. (2010)
stated that the concept of accessibility offersaaidfor the development of sustainability
policy relating to the built environment and trawdlich can be supported by detailed, reliable
metrics to assist with making sounder decisionsnngreviding for non-motorised transport.
Accessibility focuses on the distance between tiggnoand the destination together with the
stresses created by the adjoining environment.anith Yu (2013) identified that previous
research looking a network design focussed onidrateds rather than on non-motorised
transport with accessibility research limited bg ttata and tools available (Stahle, 2012) and

that methods for measuring distances between piscestricted (Kwan, 2003).

In 1974 the Independent Commission on Transpoif)(oncluded thatthe real meaning of

mobility or the true goal of transport is accesBlobility depends on the personal situation
including health, finance and facilities availaltaich are in turn influenced by a complex
combination of social, economic and environmen&dtdrs. Improving access allows
unconstrained journeys which can be made at arg; immany direction by sustainable modes

of transport, and is more easily influenced throwglstainable transport policies. The
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Buchanan Report (Ministry of Transport, 1963) sidtet the design problem, essentially, is
a matter of rationalising the arrangement of builgs and access ways..... The basic principle
is the simple one of circulatioand utilised the example of a hospital to illasérthe concept
of a complex traffic problem where a lot of peomguipment and other items need to be
distributed to multiple locations. The principle Imsed on the creation of ‘areas’ of
environment - wards, operating theatres, kitchetes ewhich are served by corridors.
Although movement takes place within each enviramitey are not opened up to through
traffic, which would result in a fundamental errmorcirculation planning - for example, food
trolleys are not pushed through operating thealiress suggested that there shouldurean
rooms; where people can move around without the hazafdsaffic, with complementary
networks of roads (urban corridors), for primargtdbution of traffic to the environmental
areas. It can be argued that by allowing all maafesaffic on all streets, motor traffic is
dispersed so that no street is too busy and ctronlanables security for all through visibility.
However, by designing streets with no access t@maghicles, cyclists and pedestrians have
safer routes to travel as streets closed off toomtaffic are quieter and less polluted, and
from a financial perspective funding for publicrtsport and motor traffic can be allocated to

maintain distributor routes (European Cyclists Fatien, 2011).

Rybarczyk and Wu (2014) have developed a discretéce model to examine built form
factors such as density, bike facilities and slopeey found that built form factors that
enhance visibility and connected street networggsiscantly affect bicycle mode choice and
decisions made at the trip origin. They conclu@g the design of the built environment plays
an important role in the cycling as a mode of tpams Jones (2012) identified that cycle route
users support measures along existing road netwioaksonnect them to everyday activities.
This supports the concept of ‘Filtered Permeabilitiiich restrains car use, creates a denser

network for non-motorised transport and providegaathges to cyclists such as exempting
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them from access restrictions applied to motorficrabr through the creation of short
connections only available to cyclists and pedassi(TCPA and DCLG, 2008). The
principals of ‘Filtered Permeability’ have been b to residential development areas in
cities such as Vienna and Hamburg, but these werew developments which excluded cars
from development areas from the outset (Melia.eRall3). Application to existing residential
areas has been more limited, with Groningen in Nlatherlands being the largest case in a
city centre area with over 16,000 residents (Metial, 2013). In Groningen, motor vehicle
traffic is channelled onto a limited network of mawads, and short cuts such as bridges and
tunnels are provided for sustainable modes of prams Initial findings by Goodman,
Sahiqvist and Ogilvie (2014) have found from a @nel short term post study related to the
construction of new Pont-y-Werin Bridge in Penardar Cardiff that more connected local

routes generated new cycle trips in the long term.

In the UK an increasing use of hierarchical laydds seen an increase in cul-de-sacs which
prevent through flow of traffic and an increasgurney length, encouraging a greater amount
of travel by car. Routes for cyclists that are wassarily unconnected can add significant
distances onto journeys making cycling less ofvadigable option. Cul-de-sac layouts also
demonstrate a lack of intelligibility with spatitdrm as recognised by Hillier (1987) who
identified that places are so ordered and sinfilar they lack legibility when moving around

them.

Accessibility can also be improved by two direcibeycling on one way streets as was
piloted in Kensington and Chelsea where a ‘No¥eB#cept Cycles’ sign was trialled to help

inform the potential for wider application of timsw sign. Video footage analysis showed that
there was an increase in the number of cyclisteliiag along the newly signed road and that

motorists were compliant with the ‘No Entry Excepycles’ sign (Sewell and Nicholson,
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2010). In the Netherlands, ‘home zones’ were dgexlan order to create fine networks of
routes to establish a cycle friendly infrastruct{@®eotenhuis, 1978). A key feature of a ‘home
zone' is that they enable connected and permeaeorks of streets for sustainable modes
of transport. A study in Denver, Colorado by McK@®95) found that through identifying

likely travel corridors for cyclists, a safer in$taucture could be provided by integrating
cyclists and motorists whilst concentrating cyslishn common routes to make them more

obvious to drivers.

Connectivity provides more and shorter routes stidations (Moudon et al., 2006, Randall
and Baetz, 2001), providing continuous bicycleliaes away from motor traffic which are
favoured by users (Sener et al., 2009; Caulfiela.e£012). A study across four cities in the
UK (Barton, 2007) found that aspirations regardingable neighbourhoods are surprisingly
consistent amongst people with different lifestyl&arton found that directness of the route
network provided was directly related to how faople will walk and cycle. It was identified
that neighbourhoods should link to the wider cityd aregion, creating a permeable and
connected environment with real network choicestBa 2007). Sallis (2009) identified that
improved street connectivity was believed to inseeavalking and cycling compared to

neighbourhoods with long blocks, few intersecticarg] dead ends.

In Buxtehude, Germany, a holistic planning appro&ziconnectivity has been used by
mapping all lines of direct connection between kelgins and destinations for cyclists
(Doldissen and Draeger, 1990). This generated ectdiconnection map which was
superimposed onto existing street maps to estirmppeoximate traffic loads. Pre-works
studies indicated that journeys to work by foobmycle were much lower than the average
for all journeys, and that journey speed was latlvan the national average. Following traffic

counts, it was found that there were serious bremakgcle connections at locations including
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pedestrian only bridges, one way streets and paalesinly precincts (Ddldissen and Draeger,
1990). Subsequent improvements, made as part dfeimpo 30 scheme, included reducing
traffic speeds to 30km/h on subsidiary roads tograthith measures to improve pedestrian and
cycle transport. Connections were improved by nemges, cycle paths against one way
streets, a well-designed subway under a ring raad,opening up of the pedestrian precinct
for cyclists. Opening up of the pedestrian preciwat supported by campaigning, signpost
design and by providing a central carriageway faries within the street layout to reduce
conflicts. Bicycle streets were also identified @thiwere only able to be used by motor
vehicles by residents or visitors to residentsraitive and inexpensive measures including
road narrowing, signage and reduced parking wepéeimented in these locations (Ddldissen

and Draeger, 1990). The changes have seen ansedreaycle traffic of 27% (Davies, 2001).

The choice that a cyclist makes when deciding wbhate to take can be based on many
different factors and also the type of cyclist timtmaking the decision. Being able to
understand and forecast the route choice madednyidal cyclists can assist in positioning
appropriate infrastructure in the most suitablatmns. Parkin, Wardman and Page (2007b)
investigated perceived risk and route acceptalsliiglying the video clips of the movement
of cyclists. This research has resulted in a riskl@hthat quantifies the effect of motor traffic,
and road features such as roundabouts and juncttnmsh can assist with specifying
infrastructure improvements, recommending routes ledst risk and assessment of
accessibility for cyclists. Findings indicate tltaé presence of facilities at roundabouts and
junctions generally have not had an effect on #regived risk or acceptability of cycling and
that the presence of facilities might even sugtesyclists that the junction is more risky that
they may have perceived it to be. Transport fordam(2012) have investigated the decisions
that cyclists make in London when choosing a rautd the importance of different route

features. The survey involving over 2,000 cyclistgealed that avoiding motor traffic is a key
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consideration for route choice. The survey alseaéd that cyclists would prefer to cycle in
a cycle lane and in green spaces/parks even #dintna longer journey. Cyclists were willing
to take a significant detour to avoid junctions sidered unsafe. Global Positioning System
(GPS) has been used to investigate route choi&@rdmch, Dill and Gliebe (2012) where 164
cyclists were observed in Portland, Oregon oveergod of several days. Findings suggest
that cyclists are sensitive to distance, numbeuofs, slope, presence or absence of traffic
signals and volume of traffic. They also illustrtiat off-street bike paths and enhanced routes
with traffic calming facilities are highly valuedVork by Hopkinson and Wardman (1996)
and Stinson and Bhat (2003) indicated that cyciwtfer quieter routes whereas Barton
(2010), Caulfield et al. (2012) and Law et al. (2Pfound that many cyclists will use a busy
road if it is the most direct route, even if legect segregated cycleways are available. Law
et al. (2013) also found that accessibility ovessidcomfort throughout a daily period.
Caulfield et al. (2012) reported that infrastruettype, the number of junctions, traffic speed
and the volume of other cyclists are also key Wdemin determining route choice, with routes
with no facilities or that have a bus/cycle lane tre least favoured cycle route types. Jones
(2001) confirmed that issues such as conflict wéabestrians, lack of continuity, poor surfaces
and inconvenient routes all potentially exist ontondraffic free routes, and that these need
to be eradicated if quieter routes are to be prethér cycling. Much of the work on route
choice focuses on aggregate studies and generastinfcture availability (Handy, Van Wee

and Kroesen, 2014).

The UK Government’s Accessibility Initiative (DfT2012c) provides guidance to local
authorities in England on three main network intticst travel times (shortest time to reach
the desired destination), destination indicatorsgfprtion of users that can access the services
within a certain time) and origin indicators (numlé sites available to users in a particular

area). Accessibility statistics are measured fghtekey services including employment
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centres, schools, hospitals and food stores. Tifigsmation has been collected since 2005 to
help local authorities to develop accessibilitastgies. Information is collected for journeys
made by public transport, walking, cycling and by, @nd is collected at local authority level
and Lower Super Output Area (LSOA). Data for cyglimas obtained from the Integrated
Transport Network which includes cycle paths, rolags, nature of the road and road routing
information. Figure 16 illustrates the time takerréach key services in England by bicycle.
By 2011, in urban areas most key services coulg&ehed by bicycle in just over 10 minutes,

with the exception of hospitals, which took an ager of 21 minutes (DfT, 2012d).
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Figure 16 - Average minimum travel time to reach the nearest $&rvices by bicycle,

England, 2007 - 2011 (DfT, 2012d)

Strong design strategies are therefore neededctease connectivity and accessibility and,
therefore, network demand for cyclists (Lee and oy 2008). Appropriate layout of
infrastructure is essential to allow ease of movammhich should be supported by a clearly
understood built environment together with an ustderding of the needs and preferences of
people and their behaviour. Cycle routes shouldb@otocated only where an opportunity

arises; the aim should be to actively connect glacan informed way.
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2.10 Transport modelling at an urban scale

Complex movement patterns are created within udr@as as hundreds or thousands of
individual movement decisions are made every dagitigrent modes. The mode that these
journeys are made by and the route that they tnaitehave a profound implication on the
density of traffic within a network, the infrasttuce required to support it, and the quality and
convenience of the journey (Tolley and Turton, 1)99%avel decisions are made based on
time of travel, route, mode, destination, and feagry or trip suppression and the cost of the
alternatives (Bates, 2008). The transport systesgnamic and models need to reflect this, to
take into account the changing nature of peoplelsabiour and infrastructure over time and
through space (Kitamura R, 2008; McNally and RirQ08).It is highly advantageous,
through modelling, to be able to predict the lik&lgvel situation from the present time to a
number of years into the future, as this infornmat@an provide the basis for economic
evaluation of proposals and can help establishevedu money in absolute or comparative
terms (CIHT, 1997). Transport modelling described predicts the movement of people and
goods in a given or future environment (Axhaused08. Models seek to identify key
relationships, not necessarily to replicate thdrerntransport structure and focus on the
simplification and abstract importance of underyielationships (Hensher and Button, 2008)
and aim to improve analytical capabilities and isgalistinct and repeatable working
practices (DfT, 1995). Modelling is required to pap simple and involved measurements
and create awareness of progress towards targatsy Mansport modelling techniques are
acquired through ‘trial and error’ over long terraripds of development and detail of the

validation process are often not fully documentehith and Blewitt, 2012).

Transport modelling was developed in the USA dutireg1950s and first implemented in the

UK in the 1960s, with progress being evolutionaather than revolutionary (Hensher and
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Button, 2008). Reasons for modelling have changét,initial concerns lying with providing

enough capacity for increasing demand for motortsaasport, and a more recent focus on
restraining further growth and limiting impacts thie environment (Bates, 2008). Traditional
peak hour modelling is no longer as relevant dughemges in lifestyles, longer shopping and

business hours and logistics (Bates, 2008).

The complexity and detail of a model should refidnet scale and objectives of its use. For
example, specific cycling and walking schemes @asrball and therefore the amount of effort
that can be allocated to their appraisal needg forbportional to the scale of the project and
its impact on active transport (DfT, 2014). Modeted to be reliable and to be trusted by
users to provide useful results, and appropriatesaitable validation needs to be undertaken
to achieve this. Issues that arise in modellinggpart include the time period which to
consider, the geographical area/form to repredentotigin and destination, the modes of
transport to be considered, type of person makieghtovement and the purpose for which
the journey is made (CIHT, 1997). The movementassengers and goods by various modes
of transport can be modelled including car, bicyblgs, aircraft, boat, lorry and train together
with movement on foot. Models can be used at differscales from individual junctions
(SCOOT model, Robertson and Bretherton, 1991; PRIL3), through to regional (SATURN;
Van Vliet D, 1982; Atkins and ITS, 2013) and naab@NTM; DfT, 2013c), and investigate
different aspects associated with transport, fangxe congestion and pollution (Berkowicz,
Winther and Ketzel, 2006). The function of the mod# determine the type of input and
validation data collected. For example, a modeulireg for assessing energy consumption
will require outputs of travel distances and nursba vehicles that can then be associated

with emissions (Pinho et al., 2010).
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Spatial separation is the driver of travel demdBaltés, 2008). The spatial unit used within
modelling is very important to enable travel aligemty defined as the allocation of travel units
to each link in the network, particularly when cioesing active transport modes such as
cycling and walking (Willumsen, 2008). Origins a&ktinations may correspond to a specific
building or zone according to the level of aggrematbeing used within modelling
(Willumsen, 2008) and these will be connected bkdiand nodes. Using larger geographical
areas for the origin and destination, for exampheaed or purposely created zone around an
intersection or point source, can lose a levelretigsion and as such non-motorised transport
should be assigned smaller aggregation units (laetral., 2010). For example, Berrigan et
al. (2010) used GIS based Arcview with studies thadea block level with circular ‘buffers’
around respondent addresses. The SATURN model Wat 1981; Atkins and ITS, 2013)

is based on nodes (intersections) and arcs (reeush link the nodes. A major component
of transport planning is the distribution of triprgerators such as housing, destinations such
as employment centres, together with other fadoch as levels of employment, health and
other population trends (Tolley and Turton, 19%%)tential reduction in model accuracy also
applies to distance measurements, with the Euclidas the crow flies) distance between
origin and destination (Titheridge and Hall, 20Q#en et al., 2008; Wells et al., 2007) being
used as a measure of distance rather than actut kength. Stigell and Schantz (2011)
confirmed that distance is critical in transpoudsés and investigated methods for measuring
active commuting route distances. They found thraight-line distances underestimated the
criterion distance (commuters’ self-drawn route sugad with a curvimeter) by an average
of 21%, although this figure does decrease withadie. They found that GIS distance
calculations overestimated distances by 12-21%canéirmed that this was due to walking
and bicycling paths not being included on GIS méjgban form can impact on the ability to
model an area, for example, dense urban areasawétlial network with one central area are

simpler to model than dispersed areas. Rivers,magus and railway lines that concentrate
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flows also have an impact on movement patternsag\vehich are considered to have more
attractive cycling qualities such as lots of minmads or space available for off road facilities
require more complex modelling. This is also trienore rural locations, dispersed areas or

a grid street pattern with no main centre (DfT, 39

Transport research is heavily dependent on dath,iramany applications time and cost
restrain the ability to gather data at the levalethil needed for research (McNally and Rindt,
2008; lacono et al., 2010). Traditional large sadenand models are time consuming and
expensive to produce, mainly because of the lamgmuats of reliable, baseline data required.
Data collection is expensive often requiring expangquipment and time to collect, collate
and analyse (lacono et al., 2010), therefore negeidirbe carefully planned and designed to
minimise cost and maximise the effectiveness. Theeetherefore limitations in availability
of general, widescale flow data. For example, Tlepd&tment for Transport provides street
level motor traffic flow data for a number of lomats in the UK which are accessible to the
public (DfT, 2013f). The location of data collectisdpresented on an interactive map and is
broken down into different modes for each regioateDcollected varies across regions, for
example, for data for Cardiff was available fordga points since 2005. On viewing the detail
of the interactive map, these data points weretipogid at 17 locations and data was only
available as an annual flow figure for each logatnd is therefore of limited use. Data used
and the model selected will depend on the reasondimg a model, together with the data
availability (Ortuzar and Willumsen, 2011). For exale, investigating the impact of large
price changes on the use of public transport vedjuire income data (Bates, 2008). With
regard to resources, utilisation of existing dadts $s better for financial and time reasons,

however, updated data sets will be required inraimenake the most reliable predictions.
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When considering designing for pedestrians the t€hed Institution of Highways and
Transportation (2001) stated thafo' be effective the designer must understand the
environment from a pedestrians perspective. A dpskkercise is unlikely to result in a
satisfactory outcome for those on fodti principle, this is also true for motor traffand
cyclists. Visiting places provides an insight iftow they are used and how they can be
improved. However, it is of course not possibleldain reliable and frequent data from all
locations necessary for urban scale modelling. Ehgarticularly true when studying cycle
flow, due to the more freely available route cheiewailable when compared to vehicular

movement, which is limited to roads.

The major increase in computing power in recenesirnas expanded the scale and detail of
analysis that can be modelled (Hensher and Bu2@®8). However, it is the human ability to
code, input, run and interpret the data that caaterproblems with data processing (Ortuzar
and Willumsen, 2011). Geographic Information Syste{@IS) lend themselves well to
transport modelling as they provide a visual meddmnfor displaying results, data
management, data analysis and data presentati8ncddl manage large volumes of spatially
and temporally disaggregate data used in trangpodels. The visualisation tools of GIS
enable editing, display results, and allow datbdonterpreted and used effectively (Dueker
and Peng, 2008). Models that require minimal setg@rmation, that can be run and modified
relatively quickly, and that can provide a numbg&different scenarios based of a range of
future situations are favourable with practitionefsaining costs can be high so using an
existing model or software package can be advaateg€Ortuzar and Willumsen, 2008).
When a model is accepted into everyday working tppradoy different stakeholders, the
process of utilising it can assist with consistantl appropriate monitoring and encourage

joined up thinking between stakeholders (JonesRattkerson, 2007).
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Robust accessibility models require human behavigfiermation, which is often in short
supply, and both user and trip characteristicaudslsle levels of aggregation together with
preferences for facilities (lacono et al., 2010heThumber of sampling points needs to be
carefully considered together with the frequencycofiection, how information will be
collated, who will use the data, and whether it barshared with others. Errors in data will
create errors in the model which are more serioughk accuracy of the model than they are
in the data (Stopher, 2008). Wells et al. (200%ficmed that accessibility measurements do
not account for cycle routes away from the roadvodt which improve accessibility, or
consider physical and psychological barriers to emeent which reduce accessibility. In a
study undertaken in a shopping centre (Wells e2807), it was found that crow fly distance
measurements significantly overestimated acceggjbdnd that using the road network
underestimated accessibility. A study by Lee andutdbm (2008) used GIS to assess the
availability of, and distance to, individual utdiian and recreational destinations. They also
measured transport infrastructure including conmiggtand block size, pavements, bike lanes
and motor traffic volumes together with land usearekteristics and topography.
Environmental barriers to cycling included too munbtor traffic, no bike lanes or trails,
nowhere safe to cycle, badly maintained pathwaysk large distances (Lee and Moudon,
2008). This work supports the development of a rhdu includes all available routes to

cyclists, particularly if based at an urban scale.

Measurement of accessibility is usually concernét actual rather than potential levels and
research into these areas is very limited (Tollag durton, 1995). It is assumed that
movement is a process which seeks to minimise @ulkength, time and cost. The quest for
route efficiency has been pursued by geographetbarcontext of route networks where
investigations vary between looking at completesriinkage to a simpler route. When

considering modes of transport, fuel cost is angshowever, when comparing the choice of
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route when utilising cycling or walking, where teas no additional economic fuel cost, an
extended journey will not cost any more (Tolley ahgiton, 1995). Stener et al. (2009)
confirmed that few studies consider the impact iofadness or travel time to destination

despite evidence demonstrating that this is an rapbfactor for commuting.

2.11 Modelling relative motor traffic flow at an urban scale

Traffic demand is based around space and timeeftirer the supply of infrastructure and
services need to be represented in a formal wayder to model them at a network scale
(Willumsen, 2008). Traffic analysis tools can bediso help improve the decision making
process, evaluate alternatives, improve design ewamluation time and costs, reduce
disruption, manage capacity, monitor performanceé present data to stakeholders (US
Department of Transportation, 2004). Potentiallgfuk approaches for modelling motor
traffic flow at an urban scale are considered emtdy the most appropriate for the needs of
the study which include requiring relatively littlata but can present information in a clear

visual form, preferably using a common GIS package.

Traffic demand modelsollate as much variation of the types of traveinsport modes
available, types and density of populations and Ktloe will all change over time (Bates,
2008). The traditional ‘Four Stage Model’ (Henshed Button, 2008) was designed for large
scale road construction projects. It is used t& ltaaccessibility between zones and is defined
at a regional or sub-regional scale (McNally, 2008)e four stages are:

1) Trip generation- predict the number of trips likely to enter dadve a zone for different
time periods;

2) Trip distribution- reproduces a matrix of person movements frogiroto destination for

different time periods and the number of trips duat likely to occur;
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3) Modal split- predict the proportion of persons using pubfimsport or other modes;
4) Traffic assignmentoute choice models take a matrix of trips and assign them onto the

network based on shortest path algorithms.

Different levels of detail are possible within aufostage model and the level of detail

incorporated determines the complexity of the itigasion undertaken regarding the location

of infrastructure in terms of accessibility betwedifferent zones. However, the model is

cumbersome to operate requiring extensive dataatah, model estimation and forecasting

exercises which may take years to collate (McN&B08; Kitamura et al, 2000; Dickey,

1983). This is not a major concern for long terangé scale investments; however, for smaller

scale infrastructure changes the use of such a Inmoale not economically viable (Bates,

2008). Other issues that exist with traditionalrfstage model include:

(i) traffic flow estimation is typically limited to césified roads, fully representing local
road networks requires high levels of detail andimg;

(i)  walking and cycling have frequently not been ineldd

(i) route choice is only the fourth step of the proqdssNally and Rindt, 2008). Also the
process is iterative, and that once ‘costs’ fromt@cchoice are obtained these are fed

back to stage 2 — trip distribution.

Willumsen (2008) stated that limitations exist witip assignment models as not all links are
modelled, trip ends are aggregated into zonesimrazonal trips are ignored. Therefore, for
urban scale evaluation, this type of tool is ngirapriate. To make a quick assessment of the
potential impact of network changes, requiring miali data and therefore financial and time

investment, alternative models are required.
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Sketch plan tools and macroscopic simulation modais be used to provide estimates of
traffic operations in response to changes, allovgipecific projects to be considered without
in-depth evaluation. They are simple to use argldestly, use aggregated data and simplified
analysis techniques, but are limited in scope, ydical robustness and presentation
capabilities (US Department of Transportation, d0QMacroscopic models investigate

deterministic relationships between flow, speedderibity of traffic taking place at a network

scale (US Department of Transportation, 2004). Themand less data than microscopic
models which analyse section-by-section changesdutot analyse improvements in great

detail.

The SATURN(Simulation and Assignment of Traffic to Urban Bddetworks) traffic model
enables analysis of traffic management schemesaatised networks (Atkins and ITS, 2013;
Van Vliet, 1982). SATURN was developed in the ed®80s by the Institute for Transport
Studies at the University of Leeds and has develam® a suite of flexible network analysis
programs which can been used to investigate roadsiment schemes from individual
junctions and localised networks through to a itadssignment model for larger networks.
The macroscopic model within SATURN allows datahsas traffic flow direction, vehicle
flows, number of lanes and hierarchical classifare to be included (Atkins and ITS, 2013).
This presents a relatively detailed representaifahe urban road network (up to 6,000 links)
requiring a modest level of data. Two types of mekware used in SATURN — (i) the
simulation network which focuses on intersectiomsl as applicable to small network
applications, and (ii) the buffer network, which @masizes links and is therefore applicable
to wider areas (Barros, da Silva and de Holand@7RMowever, the data required is very

detailed and clear visual outputs are limited wigichbeneficial for simple, visual assessment.

Joanne Patterson 87 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

Space syntaxvas developed by Hillier and Hanson (1984) in W€ and is now used
internationally. Space syntax modelling technigaesbased on a configurational axial map
of a space, which indicates how spaces are lotatetiation to each other and can be used to
analyse potential performance of a whole urban odt\{Marcus, 2000). Axial lines represent
nodes, with the connections between the nodesmgeagraph of spatial components (Hillier
and Hanson, 1984). Hillier and Hanson (1984) dbscthe similarities of urban space to
‘stringiness’ and ‘beadiness’ with strings reprdésenthe nodes and beads the connections.
This is an easily understood concept for human arebers but is more complex
computationally (Turner, Penn and Hillier, 2005achk axial line, which represents the line of
sight within a space, is assigned an integratidnevevhich represents attractiveness (Cabhill
and Garrick, 2008). The axial map can be useddentify routes that are potentially more
likely to be travelled’ with integration values hgicontrolled by permeability of spaces and

barriers (Pereira, 2012).

One of the strengths of space syntax is thathaged on the ability teepresentdistance
between origin and destination rather than simply theeuclidean distance between two
points (Kwan, 2000). Distance is not accurately snead within space syntax but all roads
are represented within the axial map and therefoeetaking into consideration when
considering moving from one space to another. Siceax relies on accessibility of
space measured by ‘calculating the shortest joubetyeen each link (or a space) and all
other spaces within the network (shortest beingrteed to make fewest changes in
direction’) (Hillier, 1998). Space syntax also & for all links to be included within
analysis and for each trip to be allocated to aifipdink. As links are not aggregated into
zones, all trips are illustrated on the axial m@pace syntax techniques can therefore be
used to measure the degree to which each roadgmath map is linked to all other

road/paths within the defined system, based oraiseamption that routes that are more
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integrated will be used more often, whether ityspedestrians, cyclists or motor traffic.
These techniques have the potential to be adaptedrenanced to predict accessibility for

other modes of transport and for accessibilitymt@aities.

Traditionally axial maps have been applied to asmlthe effect of the configuration of
space on a broad range of architectural and plgrapplications. For example, following
a need to improve the public realm within Trafal@auare, space syntax was used to
analyse pedestrian movements which was supporteahlybservation study. Problems
throughout the masterplan area were identified soldtions, supported by a strong
technical argument based on space syntax, weradedyvaccepted and implemented,
which has resulted in pedestrian movement incrgasynthirteen times (Space Syntax,
2013). A further application has been to ensure Klirags Cross, an area of 1.5kmvas
integrated with existing pedestrian patterns whiitdting it with new routes. Space syntax
analysis indicated that areas at the edge of thecseated segregation therefore reducing
pedestrian movement, and a series of mitigatingsored could be identified (Space
Syntax, 2013). Croxford et al. (1996) indicated thathodologies for space syntax should
be applied to a greater variety of urban areas diffiering configurations. Stahle et al.
(2007) agree that space syntax linked with geogcaptata could be of great use in urban
planning as it provides the opportunity to incogderthe experimental dimension rather
than abstract system-descriptions from traditior@asport modelling. Pereira et al. (2012)
suggested that space syntax could be used to évalifi@rent urban configurations on the

performance of urban transportation such as ttawel.

The ability of the space syntax model to make ateypedestrian, cycle or motor traffic flow
predictions is based on the correlation betweerntiegration values calculated by the model

for each link and the flow figures from the spaffesreira, 2012). Investigations undertaken
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to confirm the predictability of integration valubésve taken place for different scales of
spaces and for different modes of transport. Fanmgte, Hillier et al. (1993) investigated the
correlation of pedestrian movement in London wiklabmaps and found strong correlations
between integration and movement rates withvRlue from 0.66 to 0.824 for sub-area
analysis. Correlations in this study were partidylatrong when logarithmic movement
figures were used. Hillier et al (1993) believedtthttractors, such as shops, transformed the
basic linear relationship to logarithmic relatioipstas shops act as a multiplier at the
pedestrian scale. Pereira et al (2012) reportedlark by Cybis et al (1996) where traditional
motor traffic model data from AX-I-MAGIC was comdl to space syntax integration values
for a neighbourhood of Brazil. Pereira reported tivay a visual comparison of the results
were mapped but it was found that very differesuts between the two models were found.
Work by Barros, Silva and Holanda (2007) also reggbby Pereira et al (2012) compared
vehicle count data and integration values, withr&@acorrelation coefficient of 0.53 which
indicated a high degree of predictability betwdenttvo on an urban scale, however sampling
points within this study were limited. Pereira £t(2012) own research collected data from
20 data points in Brasilia with results indicatthgt it is global configurational characteristics
rather than local characteristics that are impaortanan urban scale. Therefore, despite a
number of attempts, strong evidence to correldiaruscale data and motor traffic flow is still

lacking.

To support the validation of space syntax, Barrbale(2007) made a qualitative visual
comparative analysis of results from space symaxSATURN for small urban areas. Results
illustrate that all streets in space syntax have decribed to them when compared to
SATURN, which however lacks data on local roadg thaconversely, contained in space
syntax. They made comparisons between actual figuwvds from a limited amount of speed

control devices (31 locations — arterial and cadlestreets only, not local streets) and space
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syntax results and found that there was a goodcedgm between actual flow values and
space syntax (R0.3/Pearson’s R 0.529). Correlations between SATWRN motor traffic

flow data were higher, with Pearson’s R equal #&/6. The authors report that for localised
roads where no counts were available, results datet whilst roads with data remain
unchanged. They support the use of the space syradel in that not a large amount of data
is required compared to other transport models thadR values encourage the application
of configurational models for traffic studies evémat the initial planning stage (Barros, da

Silva and Holanda, 2007).

Pereira et al. (2012) have highlighted that comgjon analysis fails to take into account
street features that influence urban transportgignformance such as road width, pavement
guality and traffic lights. Certain features of thgrounding environment are important to
map (Turner, 2007) but these are determined bylijectives of the model, the degree of

accuracy required and the data available at ssclala.

ThePlace Syntax To@dPST) has been developed to attempt to incorptattactions’ within
space syntax (Stahle, 2012). It is believed the bioation of space syntax and urban
morphology can assist with urban planning and aheard therefore Place Syntax has been
developed to ‘load’ geographical data onto predicteovements within space syntax. This
tool has been used for pedestrian analysis onfjate, but the authors have suggested that it
could be useful for urban planning and design madiased on people’s needs rather than

bureaucracy involved in planning (Stahle, 2012).

Porta, Crucitti and Latora (2006) have developrdtiple centrality assessmeiCA) to try
to understand places that hold greater potentiaétmme the ‘backbone’ of a neighbourhood

or city (Porta and Latora, 2007). MCA can be apmplie different spatial systems and at
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different scales using substantially different maares (Porta and Lators, 2007). MCA was
developed partly in response to the concept ofespginstax. Where space syntax is based on
places being more important than others becaugeattgemore central or integrated, MCA
attempts to go beyond proximity to consider howgbeexperience and navigate systems, and
computes the metrics of distances within netwad@ianventional space syntax is described as
indirect or ‘dual’ as the streets are nodes arerseictions are edges (steps) whereas the MCA
approach considers distance in spatial terms, wisiatonsidered ‘primal’. The ability to
incorporate metrics into the model is appropriateaictive transport as participants are more

sensitive to short distances (Sheurer and Por@5)20

Porta, Crucitti and Latora (2006) investigated faesquare-mile urban street systems using
MCA. This research has indicated that the primplraach is more comprehensive for network
analysis and that the primal approach is suitadnlenfaking the best use of huge information
resources developed within cities. They demonsthatecentrality is not the only component
within spatial systems and that four concepts ohdpeentral come into play: nearness,
betweeness, being straight to and being criticadtheers. Each of these factors relate to a
different aspect of a specific location in relattorthe rest of the network. MCA involves the
creation of a spatial system, represented by ehgrdyich is defined by nodes and links/edges.
The edge is defined by two end-nodes and followgy#ographical footprint of streets as they
are represented on a map (Porta et al., 2008). Bhthe concepts of centrality can be

considered depending on what the notion of beimdrakis to the study.

Porta et al. (2008) have demonstrated the useed¥itBA model to consider accessibility and
revitalisation of a University campus in Milan. Tvadternative solutions have been tested
using MCA to attempt to revitalise the system amel $olution to provide a spine shaped

cycle/pedestrian route connecting central spacedban specified as a result of application
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of the MCA. MCA has also been used to investigatetrality and best location for active
streets within masterplanning activities (Portal 20 MCA was applied to the masterplan of
Aldershot, to investigate the new large scale miugel development and is used to identify
streets within the development that could add éostbcial hub of the development. The MCA
model has been used by Jones et al., 2012 to igatsthe relationship between centrality in
the entire street network and frequency of wallang cycling. MCA was used to generate a
set of measures based on topographical properékgi¢n of each node to each other node)
and spatial properties (distance between the noBesyeeness, closeness and straightness
were used. The average and sum of values withih eetwork for each respondents home
were calculated. Use of the centrality maps hadeated that most central locations along
the entire street network are main strategic atenads. This research concluded that
connectivity of the street network and availabiliof everyday activities within a
walking/cycling distance from home are insufficiemt their own to encourage cycling. This

work suggests that they are not the dominant fabtdrshapes everyday travel decisions.

It is clear that there are advantages of MCA oy&ce syntax, particularly in that metric
distances can be calculated within the analysisdiffierent indicators of centrality can be
represented. However, the model to date has ordylihated application, mainly by the
original developers at Strathclyde University aralidation of the model has not been
documented. Porta and Lators (2007) confirm thdustuntially different procedures for

different functions increase the level of complgxit the model.

2.12 Modelling cycle flow at an urban scale

Urban spaces are very different from the perspedfa cyclist and car driver. Non-motorised

forms of transport, such as walking and cyclingyehaccess to a broader range of spaces

Joanne Patterson 93 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

which need to be mapped in addition to the motifitr based road network (Turner, Penn

and Hillier, 1998). There is a distinct lack of @@nhce based understanding of cycling activity

patterns (Law, Sakr and Martinez, 2013) and itiffscdlt to monitor, model and predict the

movement of cyclists at a local level as:

» the number of cyclists is relatively small;

» a wide choice of routes are available thereforeninaber of locations that need to be
measured to obtain reliable figures is dispersed,;

« route choice is influenced by human preference ri@e by car and is planned as a result
of attractors and detractors on route.

There is a lack of monitoring data available toidate cycle flow modelling. Key UK

guidance document for monitoring cycling was pradud5 years ago (DfT, 1999) and

provides the following key methods for monitorimgél cycle use which includes:

Automatic traffic counters (ATCs) — which can beedion major cycle routes which

should be validated every six months with manuassified counts. These tend to be

unreliable and figures on cycling cannot easilycbmpared over time at a city level due

to relatively small numbers available (Golbuff ahdred, 2011);

* Manual classified counts (MCCs) — the high costinhg enumerators prevents this being
the only method of cycle monitoring;

» Cordon and screenline counts — these are usedasumeegeneral traffic flow and should
include bicycles as an individual category;

» Destination surveys — counting parked cycles a&csetl locations;

* Interview surveys — roadside interviews are coBbtly provide an accurate measure of

cycle flow data.

Cycling England (2011) recommend that cycling detaecorded before and after the

introduction of new measures to help to justify exgiture and demonstrate value for further
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investment. Complexities of monitoring are hightegh and included timing and locations of
counts and the inclusion of costly automatic cormteto scheme budgets (Cycling England,
2011). Transport Scotland (2013) recognised thepbexity of collecting data on cycling and
identified a number of high level indicators thancprovide information about cyclists
including the Scottish Household Survey which iasidered the most robust source of data
on cycling trends in Scotland (Transport Scotle#l, 3). These documents provide national

statistics only and do not provide guidance foalononitoring specifically.

The UK Government provide guidance on estimatirdyraporting on active transport through
the DfT Transport Analysis Guidance (TAG) Unit. Wit the document Active Mode
Appraisal (DfT, 2014a) guidance is provided on howestimate and report impacts on active
modes including estimating future demand for tranisfacilities. Three possible approaches
to forecasting demand for new active transporiitees are provided. These include:

» Comparative studies — where future levels of actiigasport are estimated by making
comparisons with similar schemes. This is consitiévebe the least complex and costly
approach. However, contextual factors, such aossmnomics and existing transport
facilities vary significantly between schemes dmeté¢fore this approach can only provide
an indication of potential change.

» Estimating from disaggregate mode choice model®viges a link to a range of bespoke
and other mode choice models. These vary accotdirige population group and the
destination, for example the proportion of cyclistso cycle to work on short distances.
The results should be regarded as very approximageneral applications due to the
limitations of population groups and modes and df@mability between modes,
particularly to walking is limited.

e Sketch plan methods — Nationally available data ae¢ presented as providing changes

to levels of active transport. These include cerfata included within the Department
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for Transports National Trip End Model (NTEM) (Df2014b). This provides a useful
set of background data that can be used to estiomatiege for all population groups.
However, contextual variations exist between placager time and for different
population groups.
Each of the approaches summarised above can pravgbmeral overview of the potential
change associated with proposed schemes. Limita#o@ associated with each approach
mainly associated with generic data requiremendsvaniations associated with the specific

location, population group and contextual transpiuation.

A general lack of attention to the appraisal ofleyacilities means that most cycle investment
decisions are rarely based on empirical evidemwmkttzat more quantitative work would allow
a more rigorous evaluation of cycle investment sw® (Law, Sakr and Martinez, 2013;
Cahill and Garrick, 2008; Hopkinson et al, 1996nderstanding the key factors behind
generation of demand for travel becomes increagimglportant when planning future

accessibility and mobility. Hopkinson et al (19%6)nd that investment in new routes, when
existing demand is clearly understood, can be b&akfin an economic sense even in
unfavourable circumstances. lacono et al. (2018)edt that there is little execution of
accessibility modelling for walking and cycling amthere they do exist they tend to be
location specific, lack reliable data and compotai power and lack of knowledge of non-
motorised travel behaviour has prevented progpessicularly at an urban scale. Law et al.
(2013) confirmed that there is a need to providangjtative evidence of the most effective

measures between providing legible direct routesater but less direct segregated routes.

Work carried out by Allott and Lomax Consulting Emegers for the DfT in 1995 compared
conventional desktop and field study investigationth the use of a Dutch cycle traffic

modelling package, QUOVADIS-BIKE (QVB) for IpswichlK. This trip distribution model
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is similar to the four-stage transport model, andwch requires significant levels of data and
skill to implement (Cahill and Garrick, 2008). Irstgations in Ipswich were carried out to
replicate observed patterns of cycling rather gstmate potential demand. Both approaches
identified that the cycle network converged onte thwn centre and that routes identified as
part of the cycle network were commonly identifiethwever, due to the QVB model being
developed in The Netherlands predictions of cytdevd were much higher than could be
expected with modal share at 30% compared to agistivels of 6% within the test city of
Ipswich. Some modifications were made to the madekctify this problem although the
changes were not realistic and were simply mademgrove’ the figures. A further model
MVCycle used route assignment methods to prediak ficycle volumes, which required
individual trips to be modelled. Cahill and Garri@008) confirmed that the number of steps
required to undertake this modelling was complidated required very demanding skills and
data sets which do not support the objectives ef rtisearch within this study. Neither

QUOVADIS-BIKE or MVCycle allow discrete cycle routdoices to be identified.

With regards to modelling cycling and street coninég, Berrigan et al. (2010) investigated
active transport (cycling and walking) based onfdiuzones (0.5km radius from the
respondents household). They considered varialolesnalyse street connectivity which
included characteristics such as:

e link/node ratio — with links referring to streetgseents and nodes representing
intersections and dead ends. A higher ratio ofslink nodes refers to a higher
connectivity; and

* average block length — average length of the larksvholly or partially within the buffer,
where a higher average length results in less cbitg.

They found that two dominant features: (i) shortegre connected blocks and (ii) longer

blocks with a grid like pattern, were sufficienta&seres of street connectivity, preserving 84%
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of the variation of the data. This is particula#jevant as the data collation and computational
requirements to analyse nine variables initiallysidered, as opposed to two independent sets
of data, is much reduced. Although this type of elathn be used when point sources are
identified specifically, it is not applicable forcty or region wide study where movement
from all spaces to all other spaces is the keyirement. It is also subject to personal
interpretation as a number of geographical featooedd vary as result of the complexity of
the study. Research by Read (1999) correlatedfdataaxial maps prepared for accessible
spaces with walking and cycling data, excludingagssible routes such as motorways. Count
locations were limited, however, 27 of the 36 amaveyed scored a correlation co-efficient
of over 0.7. A network design model presented bgrid Yu (2013) to model bikeway network
design has been applied to a district of Taipey,Gthina to develop alternative cycleway
options for scenario analysis. The model creatarsehndicated that the model is suited to
areas of approximately 10Kmather than an entire urban area due to the amufudéata
required to populate the model. The authors haesnated to incorporate data on the built
environment, transportation needs and connectoityhe network into the model and it
therefore incorporated information on a broad rasigactors such as population around trip
end, cost data for bikeway construction, and maamee and road slope and width among
many others. This type of model would be more appate to a particular regeneration

programme for a specific urban area rather thaneaholistic, regional scale.

Law et al. (2013) have investigated the impactdrastructure changes on cyclist movement
patterns in London using space syntax and haveidsresl a series of perceived safety
measures which include the position of routes wittiie London Cycle Network or the

London Superhighway network, level of cycling lacase provision, and the number of
vehicle lanes per segment. The first three measugegiven a score of 0 or 1 where present

or not. However, with the number of vehicular lgreesliscrete variable is given from 0 — 8
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based on the number of lanes in both directions.cldssifications provided during this study
are contextually based in London and are theraforetransferable to other UK cities. The
classification of lanes is also considered subjectind temporal, as this could vary over
different times of the day depending on the numifeparked cars. A further measure
identified to have an influence over cycling roak®ice within this study is the nature of the
land use, where a positive score 1 is given tosandeere retail and active land exist, and 0O for
no active land use. Again, this could be consideagdextual for London as Westerdijk (1990)
identified pleasantness as being a key attributecyolists, which may not necessarily be

associated with retail/active land.

Raford et al. (2007) utilised space syntax to fastcyclist volumes and route choice looking
at the role of urban form and street network desigrondon. The study investigated
commuting trips and used space syntax to analgseetationship between street accessibility
and cyclist route choice. This study undertook carapve route choice compared with actual
data and looked at the angular difference betwéeetssegments to analyse the impact of
topological depth along curved streets. It lookedraarea of 120kfrwhich composed of
approximately 12,000 axial lines. The study comgdine actual route with shortest route and
most integrated route (n=46). It was found that 53f6yclist trace length fell off the ideal
shortest or fastest route providing evidence thatrative logics or unpredictable elements
such as scenic preference may influence route ehdigt this was not analysed further.
Research concluded that at the individual leve},ramber of factors may influence a given
cyclist’'s choice of route such as heavy motor icafivhich were not analysed. When cyclist
journeys are aggregated independently of origin @destination, the sum of all interacting
routes conform to a powerful spatial logic and ttoé&l cycle volume is strongly influenced
by configurational variables. Results indicatedt théhough geographic trip length is

important, angular minimisation is of equal or geeamportance which should be considered
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within urban planning and transport engineeringe Tgaper suggested that it could be
misleading to analyse individual route choice prafiees alone and that analysis of cyclist
behaviour should be undertaken at a system lendependent of origin and destination

studies (Raford et al., 2007).

Work undertaken by Raford et al. (2005) and Lavale{(2013) identified that correlations
between integration and cycling flow exist but ¢onfthat limited data were available and in
some locations no cyclists were recorded. Fronlithiged results available from Law et al.
(2013) it was found that new cyclists preferred thest accessible, most direct and least
angular routes. The study also investigated prepastl installation of cycling infrastructure
at a particular location in London and found thytlists preferred to use routes with more
cyclist provision but that cyclists would still jee to use more direct routes rather than an
indirect route with cycling provision. Frequent aefiable data collection within other cities

is required to support this further as data fohlsttidies was limited.

Further work by Cabhill and Garrick (2008) attemptedorrelate space syntax measures and
bicycle volumes in Cambridge, USA using ArcGIS.\Rile volume counts were available for
sixteen intersections across the city. As courd dats available for intersections it would be
very difficult to assign data to an axial line axould travel along either of the two lines
intersecting. Therefore an average was calculaasddon values for all four entry points to
the junction and the data was combined with cedsitis to calculate origin and destination
required for the choice measure being used, asideddn Section 2.11. This study generated
R? values of between 0.3 and 0.65, demonstrating ttteatmodel performed well. Higher
values were obtained where attractors were inclstdets as population density and worker
density which were used to represent the placeark\as an attractor. Cahill and Garrick

(2008) confirmed that data collection methods Wiedy to be the reason why space syntax
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did not have a stronger influence in the model stated that data collection points were not
random, being located on similar and major intdrses within the study area. They

reinforced the need for further validation, chogsinrandom selection of count locations and
that the counts should take place on the conneddither than on a node, to allow the model

to be used for real transportation planning.

Manum and Nordstrom (2013) have made simple, visoadparisons of intended routes for
cyclists and space syntax predicted routes in Twemmd, Norway. They found that space
syntax predictions correspond very well to intentdaycle routes generally, confirming that
spatial analysis can be very useful fgrasping the bike route potential of a street netvo

Anomalies were associated with intersections whad add additional time onto a journey
which was not considered in space syntax calcuiatidhis fully supports the potential to use
space syntax methods for initial scoping of possibfrastructure modifications on an urban

scale.

2.13 Summary

The literature review provides a summary of thekigemund principles associated with the
implementation of low carbon transport within ctimcluding identification of policies that
have driven change at different spatial levels tiogiewith the role of the development of
urban areas including land use patterns and infretsires. Evidence that changes to the built
environment can reduce dependence on the cararigled (Goodman, Sahiqgvist and Ogilvie,
2014; Law, Sakr and Martinez, 2013; Titheridge dfadl, 2006) and that policy needs to be

strengthened to support this (Wardman, 2007).
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With a replenishment rate of just 1% per annunhefdurrent housing stock in the UK (DCLG,
2006) focus on modal shift needs to be placed astieg urban environments rather than
newly constructed areas. Cities that have provesigtuficantly implement modal shift, such
as in Edinburgh and Delft, support taking an urlsaale approach that provides a more
cohesive, joined up network that promotes cyclewlisere relatively inexpensive facilities
have been successfully located. McClintock (20@@jgested that by relying less on special
facilities for cyclists and more on reallocation rofads away from motor traffic, cycling
journeys could be made shorter creating a moreaisiadle movement system. This is
reiterated by Cahill and Garrick (2008) who indectitat limited funding is available for major
infrastructure changes to take place with on-r@adifies being the most favourable options.
Guidance is required to identify the most apprdpri@utes to support cyclists in order to
achieve the sustainable travel targets that haga bet. This should encourage cross sector
working to enable investment to have an impactroader society. By improving connectivity
within the built environment and therefore accedsaly services and the workplace, distances
will be reduced and along with this, dependencythancar, which in turn will support an
improvement in the economy, society and the enw@mt (Manum and Nordstrom, 2013;

Jones, 2012; Lee and Moudon, 2006).

The review of space analysis methods has demoedtthere is considerable potential for
predicting motor traffic and pedestrian flow atiaban scale and associated accessibility and
connectivity in fine detail, down to street or sstbeet level for a large number of roads, whilst
having the potential to represent all roads/roatieaccess within a large urban or regional
area. The review indicates that the space syntasoaph would be suitable for investigating
the potential to model motor traffic and cycle flavan urban scale to identify routes within

a city that can be targeted to improve accessilioit cyclists.
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Chapter 3: Methodology
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3.1 Introduction

This chapter provides an overview of the modelapgroach taken and is split into sections
which are summarised below:

» description of the development of spatial analysiglel;

» overview of the principles of spatial analysis mibdg procedure;

e justification and description of case study ciaesl regions to be used for the validation

and testing.

Detailed descriptions of the analytical procesgasliad to validate and demonstrate the

modelling approach are then provided as below:

e Chapter 4 and 5 - validation of an aggregate udgafe motor traffic flow spatial analysis
model;

e Chapter 6 and 7 - demonstration of the applicatbrihe spatial analysis model for
aggregate relative cyclist flow and investigatidnrdrastructure change on cyclists and
motor traffic flow;

* Chapter 8 and 9 - analysis of individual cyclistvmment using the spatial analysis model

and cyclist behavioural data from a questionnaire.

Figure 17 presents the interactions between theepses involved with data collection for the
three main stages of the research work togethdr thi¢ data requirements and expected
outputs. In addition to the data generated spetifichrough the completion of the research
described in this thesis, background data fromreatesources has been utilised. This includes
a large amount of data required to undertake thidataon work together with information
about travel behaviour and geographical informatibhese data sources are referenced

throughout.
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3.2 Description and justification of modelling proedures

3.2.1 Background to spatial analysis model developmt

Following a review of potential spatial analysidtaare, space syntax has been selected,
applied and validated to predict motor traffic flewd investigate the potential to model cycle
movements at an urban scale. The space syntax Imgdekchnique used was novel in that it
is based within the commonly used Geographicakin&tion System (GIS) desktop software,
Maplinfo version 12.0, published by Mapinfo Corparat the first time space syntax was

applied in this software.

The motor traffic flow modelling work was initiallgeveloped at the Welsh School of
Architecture as part of the establishment and agmeént of the Energy and Environmental
Prediction (EEP) model through funding from the RES(project codes GR/L81536 and
GR/K19181) and this work included the developmenspmce syntax techniques based in
Maplnfo. Additional funding from the Department fbransport LINK FIT (Future Integrated

Transport) Programme has also been utilised (f&®. $4/6/15).

The EEP model was initially developed in order é¢phmanage the use of energy by the built
environment in a more sustainable way, and to msen®Q (and other) emissions at a city
wide or regional scale (Jones, Patterson and Lartfiv). The model (EEP) was developed
in collaboration with local authorities in South &g UK, as part of a unified effort to plan
for sustainability and to predict and account fductions in C@and other emissions from
different sectors of the built environment (JonWwdJiams and Lannon, 2000). The computer

model provides information to implement urban egenganagement and environmental

Joanne Patterson 106 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

planning strategies, enabling decision makers &o fbr improved energy efficiency and to

improve long term, consistent data collection tiplaehieve targets.

The model was developed so that it can be tramsfea other cities to predict the effects of
future planning decisions from a whole city levaeiwsh to a more local level. Initially

developed using data from Cardiff and Neath PolthdiaCounty Borough Council (NPTCB),

EEP has been used in other local authorities inJkeand Australia (Jones et al., 1999). It
has be developed to include housing energy, noredbmenergy, industrial energy use,
dispersal of air pollution and health aspects idiclg mould growth in the home, respiratory
disease, accidents and injuries in the home (Lgbat, 2006) and neighbourhood quality and

mental health (Thomas et al., 2007).

Maplinfo was chosen as the primary user interfacéhi®® EEP model because:

e datais stored and manipulated within a databasehvidh relatively easy to use;

» itis capable of storing data for all roads ontg or regional scale;

e output can be displayed as a spreadsheet or infonapenabling clear visualisation of
results which is important for sharing data betweasers of varying skills and experience;

« it is familiar to many local authorities in the Ukho are the main potential users of the
model;

* itisrelatively cheap to purchase and can be oseahy PC of standard specification.

The author of this thesis has been involved ind&eelopment and application of the EEP
model, in particular its application in South Watesnodel housing energy, motor traffic flow
and health. Whilst the development of the variaus-sodels which make up EEP has been

a collaborative effort over many years, the redeamesented in this thesis focuses on the
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validation of the model for motor traffic flow, arilde demonstration of how the model could

be used to model cycle flow and associated infnatire, is the work of the author.

The framework for the EEP model is shown in FiglBeThe model is accessed via a ‘primary
user interface’, which takes the user through aisd®t making process, presenting

information and options and the opportunity to edtga in a straight forward manner.

*—ﬁﬁﬁ

< Sub-models >

Figure 18 -Principal Components of the EEP Model Frameworgluiding sub-models

The interface has access to a range of externaég@uves or sub-models, selected according
to the user’s needs, for example, to predict thgscenergy and emissions from buildings,
transport and industry. The EEP model presentsitsefirough the associated GIS (i.e.
MaplInfo) which contains an Ordnance Survey (OS) ofapcity describing the buildings and
road network. Sub-models exchange data throughta fiighway’, making all data available
to all sub-models. Data can then be mapped usm&tB facilities, for example identifying
houses of high energy use predicted by the enargyrodel in EEP. The spatial analysis

procedures described and developed within thissta@e a component of the EEP model.
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3.2.2 Overview of the spatial analysis method

Spatial analysis techniques used within the Gl®dasodel are able to represent, quantify
and analyse space at different levels. The spatialysis techniques provide an objective
measure of the relative accessibility of every fpath within the geographical area under
investigation and can analyse change in flow padtes a result of fine network changes. The
technique used within the model is based on mettiedsloped at University College London

(Hillier B and Hanson J, 1984) (described in Setfdll).

Space syntax is a collective name given to a sebmiputer based modelling techniques used
to objectively represent, quantify and analyse s@a@ll levels of the built environment, from
a single building to entire cities. The axial ma@itwo-dimensional map created by a set of
lines drawn along lines of sight which is connect&tlis map attempts to quantify the
configuration of space through the allocation eégration values. Integration values provide
a measure the connectivity of each line of sigliiwithe map to all other lines. Turner, Penn
and Hillier (2005) present a statement that ishtagis for the definition of an axial map ‘An
axial map is created using a minimal set of axredd such that the set taken together fully
surveils the system, and that every axial line thay connect two otherwise unconnected
lines is included’. Therefore all axial links shdube made within the system being
investigated. Within this paper they go on to pnésiee algorithmic definition of an axial map
which is initially created from an ‘all line’ magd the system which are lines generated from
the vertices of buildings and infrastructure wharle extended to visible vertices within the
space. This map is created by the use of axiad lisenodes and crossing points as connections.
All possible connections between lines that are gqarinected are then made. The map is
derived directly from the way vertices on builtfofeatures relate to each other through open

space. Turner, Penn and Hillier (2005) confirm th# vital to survey the whole space and
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that topological rings should be complete. Thissih@ccepts the basic concepts of space

syntax.

A road/path is represented on GIS Maplinfo as adingeries of lines that follow the line of
sight along a network - these are called ‘axiadinAny change in direction or an inaccessible
route is represented by a break in the line artifocreation of a new line. Figure 19 illustrates
a small area of a city with the axial lines repreégsg motor traffic access. Point A
demonstrates a change in direction due a non-linmate. At location B a route is not

accessible for cars and so no link is made betweenuxtaposed roads.

Figure 19 -An axial map demonstrating axial lines for motaiffic

An axial line or road that is easily accessiblenfrall points is described as being well

‘integrated’, whilst roads that are relatively st@d are ‘segregated’. The model algorithms,
described in Turner, Penn and Hillier (2005), asstmat roads/paths that are well integrated
are used more frequently than those that are fesgrated. The map is understood by the

software to be a set of elements that connectd eter in a combination of sequences. The
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software simulates journeys from all potential orgg(axial line) to all potential destinations
(all other axial lines). The software assumes thaiurney will take place on the path that
involves the least number of changes of directetwben each possible origin and destination.
Following this complex set of calculations, a seaghtegration value' is calculated by the
model for every axial line within the road systeaking into account how well linked every
route is to all other routes represented withinrtbevork i.e. a relative measure of integration.
The higher the integration value the better corete¢he route. An axial line that is well
connected within the network under investigationassidered well integrated, whereas one
that is poorly connected is segregated. By idengfithe integrated structure of a city or
regional space the most integrated and segregatetdsr can be identified. Planning
considerations can then be made to improve or wtkermodify the connectivity and

therefore accessibility of these areas.

Basic axial map techniques are used within thisithas they are simple and therefore
relatively quick to apply at an urban scale. Threer the modelling and the data collection
process, the more likely it is that the model Wi used in practice and will be transferable
across disciplines and between staff of differeahhical competencies. Complexity adds to
subjective interpretation and the need for add#iatata collection. Efforts within this thesis

are to minimise data requirements, whilst providangvel of validation that is acceptable.

If successfully validated by comparing predictesutts with measured flow data, the model
can be used to identify routes that are likelyeaused within a city, assuming that those that
are well integrated are more connected and wiliefioge be used more. This will enable
transport strategies to focus on routes of high inserder to provide improvements for
sustainable modes of transport. This method doesmable flow patterns at specific sites to

be accurately modelled (e.g. multi directional nndtaffic flow at a specific junction) but
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provides a more holistic view of a city or regignoviding relative flows based on real count

figures and movement.

3.2.3 Creating an axial map

The first step involved in using spatial analysishiniques was to create a network axial map.
An axial map for the network under investigatiorsveanstructed as a series of lines created
as a layer within Maplinfo using a digital Ordnaiggvey (OS) Landline map or equivalent.
This included the existing built environment feasisuch as roads and buildings. An OS
digital map, which can be a raster map of an areav@ctorised map such as the Landline
and Masterma or other digitally based maps, can be used anplage for the study region

if available. Pre-described road-centre line mapselbeen used for some studies as described
below, however, as the axial maps in this studyewsed for motor traffic and cycle traffic,

the axial maps were created by the author.

An axial map is represented by a series of axaakliwhich follow the line of sight along roads

/ paths throughout the network. Lines of sightdgery single road/path were drawn onto a
new layer within GIS Mapinfo along all routes tlia¢ mode of transport under investigation
could travel. The axial map can easily be alteoa@present changes in the network and assess
new routes as they are planned simply by addimgeanto the network. This study involved
the production of axial maps for motor traffic acytle traffic for six case study cities as
described in Section 3.3. Digital OS maps were igiexy by local authority partners for all

cities studied.

Axial lines for every road within the network undevestigation were manually drawn onto

new layers within the GIS Maplinfo package for mdtaffic and cyclists. The creation of
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these maps enabled the assessment of the contyeatiail potential motor traffic and cycle

routes within each urban network analysed. Exangflesial maps can be seen in Figate

A number of important factors were considered wirerating the axial maps:

e it was essential that every line that was drawrssed the juxtaposed line if there was a
junction present in the road system. If the liniesrobt cross the model would assume that
there was no link and integration values wouldb®true;

* where dead ends were present, the lines were imetdj@s there was no access point for
the mode of transport to pass through;

» at present the model is unable to take accourtteobhe-way system within the network
which therefore over-represents reality. It waspuadsible to modify the model to enable
the regulatory environment to be considered withis thesis;

» |ocations where bridges or tunnels exist resuheakial lines crossing on the map although
in reality the network at these points were notnemted. Therefore, an ‘unlink’ facility
was incorporated within the model to allow for thstinction to be made where lines may

cross on a map but where no actual link exists.

Figure 20— Examples of axial line maps for different arefa city (red lines indicate well

integrated routes, green indicates less inteqraiges)

Axial lines of major routes into case study citieere extended to allow for representation of

flow from external areas into the mapped area duttie validation process. Once all of the
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lines were drawn onto the axial map for the citgeminvestigation, spatial integration values
were calculated for every line within the networkese can be colour coded according to

integration value, typically red for highly inte¢ed through to blue for less well integrated.

The modeller controls the way the data is represkedtiring the production of the map/graph.

Issues that arise during the production and appiicaf the axial map. For example, much
debate has taken place regarding the minimum numibaexial lines that can be used to
represent a space and how these axial lines telaach other (Penn et al, 1997; Peponis et
al., 1998; Turner, Penn and Hillier, 2005). Diffierenethods for creating axial maps have
been compared to identify the minimum number oédimequired to enable calculations to
represent connectivity and integration to a sugfitievel of detail and accuracy (Turner, Penn
and Hillier, 2005). Figure 21 below demonstratestariations of techniques and algorithms

used for a simple space. Therefore a formulatedhodefor the creation of axial maps to be

used across studies is required in order to al&dialyle comparisons to be made.

(&) Underproduced lines

(b)Overproduced axial
lines in bottom space,

with weak coverage in

(c) An ‘ideal’ coverage
top space

Figure 21 -Axial lines produced from differing algorithms farsimple space (Turner, Penn
and Hillier, 2005)
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The interpretation of spaces can be subjectiveekample, during tests of the hill village of
Gassin, Hillier and Hanson used two axial linegdpresent a staircase, where in another
example of the same space created by anotheramsegxial line was used (Turner, Penn and
Hillier, 1998). On a small scale this can produifeecent results. Therefore the system used
needs to have minimum interference from the petsorederence of the modeller (Turner,
2007). It is important to consider the eventual afsthe map that is being created (Batty and
Rana, 2004). For example, if a map is to be useth&interaction of society with space, then
the scale should be based at an individual scdi@ganto account the features of the

landscape with the detail of the road being appatg(Turner et al, 2001).

Various approaches have been developed in an dtternppresent space differently using

space syntax. These are described as follows artevdppropriate are applied in Chapter 4:

* Angular segment analysis (Turner, 2004) introdubedncorporation of angles between
axial lines. This allows the angle between two bhies to be weighted creating an
‘angular depth’. A corner of 90° represents onédtép, 45° corresponds to 0.5 step, as
the corner would be considered easier to manoeivaglitional space syntax does not
treat the angle of two lines any differently, justognising a change in direction, by a
break in the axial line. It has been noted by CGalmtl Garrick (2008) and Raford et al.
(2007) that angles are relevant to cyclists as uinderstood to be easier to cycle along a
straight route, rather than make sharp turns a&rgettions. Law et al. (2013) found
evidence that faster cyclists do use routes waistlangular cost i.e. fewer sharp turns.
However, the amount of ‘turn’ that is required & ffom an origin and destination should
be approximately the same (Turner, 2007), this tamdil feature may complicate the

simplicity of the basic axial map unnecessarily.

Joanne Patterson 115 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

e« Segment map (Turner, 2004) can be used to assesd gccessibility from one location
to inform the choice of next destination. This moderks well on small to medium
systems but has been described as cumbersomeder txales (Ratti, 2004)

* Choice measure is where all points in the netwoglkcansidered origins and destinations
and the amount of travel along each line is quiackifrepresenting the extent a particular
axial line is part of a shortest route between dgiro and destination (Manum and
Nordstrom, 2013: Cahill and Garrick, 2008). The tndisect path connecting them is
identified. When each path crosses a segmentségahent’s ‘choice’ rating increases.
The choice measure has been used by Cahill andcks42008) to represent bicycle
movement and is discussed in more detail below.

« Road Centre-line varies from a traditional axialpnes these are based on Ordnance
Survey land-line data (Turner, 2007). Road centresl have many slight bends making
them very deep, therefore the centre-line map leas/more ‘segments’ than a traditional
axial map of the same space. The same road withaxi@l map may only have one line
along the line of sight, whereas a road centre#iag have many (Turner, 2007). There
are problems that relate to this in that the baap im reliant on an external organisation
to create the it (Ordnance Survey), which can tesulincertainties associated with
accuracy and limitations on data update (Dalto®32@lthough such an approach can
save time for the research team. The road cemteeriap is also generated for motor
traffic and would therefore not be easily trandbdedor other modes of transport such as
the bicycle.

* Edge effect was introduced by Hillier et al. (1998)o stated that movement patterns
within a catchment area must be related to theetazgtchment area, the ‘Catchment area
of the catchment area approach’. This displacesdh#ral edge effect, where movement
includes information from the prime area of intétegether with information from the

immediate vicinity of the site that may be impac{&dnith and Blewitt, 2010). Turner
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(2007) created an axial map of 3km by 3km for algtare of 1km, which illustrates a
9:1 ratio of additional modelling resource for anlated area. Cahill and Garrick (2008)
used a buffer area of 8.05km within their bicydiedy in Cambridge, Massachusetts. On
a small scale, extending the axial map to contagat@hment area is not that time
consuming but when considering larger urban ardasver 100kn, the additional
resource to represent the edge effect would be I8rgis is a current limitation of space
syntax.

« Radius integration can be used to appraise lotegjiation of axial maps which has been
shown to improve levels of correlation between mted and real flow in some studies
for non-motorised transport. For example both Mamuneh Nordstrom (2013) and Law et
al. (2013) have found that higher radius measuwe®late better with cycle flows. This
method was first demonstrated by Dalton (1997) Rern et al. (1998) who applied the
principle to the modelling of pedestrian movemdRadius integration ‘looks’ at the
number of connecting axial lines that are a smathiber of changes in direction away
from the road being investigated and relates tipghdef the degree of integration of each
axial line. For a ‘radius 3’ analysis, calculaticare made to identify the number of axial
lines that are 3 or less changes in direction afn@y each individual road. Axial lines
that are more than 3 changes in direction are disdafrom the integration calculation
for that particular axial line. The more axial nhat are within 3 changes of direction,
the more locally integrated the road under invesitg is, the higher the integration value
and therefore the higher the likely relative mdtaffic flow as route is considered to be
more locally connected. Radius integration can serluio remove ‘edge effect’ and can
be used to investigate local change but does Retitdo account metric distance which
can influence distances if relatively long, straigbutes are included within the space
investigated (Turner, 2007). This is particulagyevant for non-motorised transport due

to the limited distances that are travelled.

Joanne Patterson 117 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

3.3  Case study cities and region used for testing

3.3.1 Justification of case study cities/region

Data relating to a range of cities from acrossUtewere used to test the spatial analysis
models within the thesis. Cities develop over temel this is reliant on the complex mix of
geographical resources, historical developmentsmatal and political characteristics of the
area. This leads to a complex and unique distobutf housing, commercial, manufacturing,
industrial and transport infrastructure within eagty/region. For example, a city with
finance, trade and service at its core is likelgdwe a highly developed, dense central business
district (CBD) whereas a city dominated by manufaog is likely to have a weaker CBD
with outlying centres resulting in different contrtions of traffic (Lapin, 1964). As such, all
cities and regions have unique traffic and suskdénaransport characteristics and
requirements. A successful model should be appédatall cities/regions and therefore these
factors could not be used to justify the selectwdrone city or region over another when

validating the modelling approaches taken.

The primary requirement when validating a modellagproach is the availability of real
world data to compare and contrast with the singaibutput from the model. As such the
primary criteria used to select the cities/regioossidered in this thesis were:

1) whether established associations were in placelagtl authorities and/or other partners
within the localities who were able to provide infation required to contribute towards
the provision and capture of relevant data;

2) whether the data required to undertake the analysse available within the

organisations;
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3) whether the mechanisms to capture any additiortal r@guired for model development/
validation could be developed and implemented withtimeframe appropriate for this
study.

As a result of the above considerations, the mase study city used was Cardiff, due to the

availability of data, good association with stafhavprovided the necessary information,

together with familiarity with the built environmeand proximity to the place of research.

Cardiff was the main test city for the validatidrtlee motor traffic flow model with favourable

methodologies then tested on other cities and msgwhere data was available and a

relationship with local authorities had been esséied, including Leicester, Leeds and the

Neath Port Talbot County Borough (NPTCB) area.

Cardiff, Bristol and York were used as case stutlgscto investigate the application of the
model to urban cycle networks and the behavioacbts that might influence cycling uptake.
These cities vary in the development of their exgstycle networks and other factors that
may influence the decision whether to cycle, sitratfic congestion and gradient although
they all represent medium sized UK cities withoutreme geographical environments,
therefore allowing for comparison with other similsized UK cities. These cities were
selected as a result of relevant organisationsimitie cities providing their support and the

ability to provide relevant data.

Table 2 includes data regarding the location, dévend demographics of each case study
city/region. Whilst not being a quantitative criter for the selection of case study cities, it is
believed that the cities selected represent a cessdion or urban and semi-urban
environments in the UK. The cities and regionsetkare briefly described in the following

sub-sections and the locations are illustratedréig@. Ideally the same cities / regions would
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have been used in both cities but this was notiplessue to data availability and associations

with relevant local organisations.

3
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: j . Motor Traffic Only

B Cycling Only

. Motor Traffic and Cycling
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Figure 22— Location of six case study city/regions in the U
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Table 2 -Comparison of features of case study cities / regjio

51.5° 51.5° 540 53.8° 52.6 51.6°
26° 3.2° 1.1° 155¢° 1.1° 3.8°
109 140 271 551 73 441

1.0-119 | 21-12.8 0.3-10.6 1.6-12.4 12-114 | 21-12.8

66-212 | 79-215 | 51-194 | 64-208 | 69-21.3 | 7.9-215

45 33 53 33 48 33.0
1,565 1,518 1,398 1,381 1,388 1,518
123 146 129 132 113 146
719 1,112 825 825 606 1,112

392,200 296,900 172,300 706,700 281,500 138,800

390,000 310,100 181,300 715,600 282,800 134,400

428,234 346,090 198,051 751,485 329,839 139,812

8.5 14 13 6 15 1

3,929 2,472 730 1,364 4,518 317

162,090 123,580 76,920 301,614 111,148 57,609

279,083 220,355 134,547 520,479 198,922 96,223

1ot 12th 31st 3rd 15t N/A

1 Google.co.uk

2 Climate data for Bristol is from the Lyneham weat station, York data is from High Mowthorpe
weather station, Cardiff and NPTCB is from Cardiffather station, Leeds is from the Sheffield weasketion,

Leicester is from Sutton Bonington. Source: Meti€ff 2011. Data is taken for the period 1971-2000.
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Figure 23 illustrates overall G@missions for the six case study cities/regionsAA2011)
demonstrating the variation between geographieasarSince 2005 emissions have decreased
in all areas with reductions in all sectors inchgldomestic, industrial, commercial and road
transport sectors (DECC, 2011c). NPTCB had sigaifily higher CQ emissions per capita
than any of the other cities. This is attributailéhe industrial background, particularly the
Port Talbot Steelworks, which is the largest emitfeCCO, in Wales (National Assembly for

Wales, 2009).
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Figure 23 -CO, emissions as tonnes per capita for each of treestasgy / regions for 2005

and 2009 (DECC, 2011c)

When looking at road transport @émissions per capita, as illustrated in Figurevadiation
between the areas is much less significant. Algh&ave seen a decrease in emissions between

2005 and 20089.
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Figure 24 -Road transport C£emissions as tonnes per capita for each of trestasy

cities / regions for 2005 and 2009 (DECC, 2011c)

3.3.2 Cardiff

Cardiff is the Capital and the largest city witline principality of Wales. It is a relatively flat
city with hills to the east, north and west and tioast to the south. Cardiff has a strong
industrial heritage which supported the developmanthe city’s rail network. Existing
infrastructure in Cardiff is under increasing pressdue to recent growth in population, a 14%
increase over 20 years, as illustrated in Tabl®KS, 2013). Cardiff has a high influx of
commuters and thus has an interdependent relaipnsith the surrounding region,
benefitting from an extended workforce but also egating and sharing affluence and
opportunity. This relationship is illustrated byetoontinued growth in commuter numbers
from outside of Cardiff, which increased by 12%,0&® to 77,000) between 2002 and 2006,
with the number of commuters travelling from thgaadnt authorities of Rhondda Cynon Taff
increasing by 20% and those from Caerphilly by 1836ing this period (Cardiff County

Council, 2011b).
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In March 2009 it was announced that Cardiff wabdoome Wales’ first ‘Sustainable Travel
City’ and that £28.5m would be invested by Car@iffunty Council and the Welsh Assembly
Government on transport improvements across tlye(Ciardiff County Council, 2009). A
range of projects were designed to help create isdiable and sustainable modes of transport
bringing environmental, social and economic beseditross the city. For example ‘Smarter
Choice’ measures gave information and encouragemoeiny a different way to travel for
some journeys, and focussed on getting peopleato ipl advance how they were going to
travel. This included car sharing schemes, traveh pnitiatives and travel awareness

campaigns.

A new cycle network across the city, developed urttle ‘Enfys’ and ‘Safe Routes in
Communities’ schemes, was launched in 2012 (Ca@hfinty Council, 2011c) focussing on
creating improved access to local community faesitand recreational areas within the city
to increase uptake of cycling. Cardiff is oneaf tocal authorities in South East Wales that
is part of the South East Wales Transport Alliaf®ieWTA) which prepares and co-ordinates
regional transport policies, plans and programmedehalf of the ten councils involved.
SEWTA work at a regional scale and prepare registrategies, apply for funding for those

strategies and provide advice to the Councils m@tegiic, regional and local policy.

3.3.3 Bristol

Bristol is the 18 largest city in the UK (UK Cities, 2013). It isdated on the River Avon and
has a hilly terrain. It has a strong industriatdrg due to its proximity to the Bristol Channel
and the ports of Avonmouth and Portishead andg&dfia historic port. Like many UK cities
Bristol experienced huge growth following the SetdMorld War, concentrated in suburbs

around the centre. Since the 1980s a significaygmreration programme has been undertaken
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which has had a significant influence over the ortmam of the city and its environs. Mixed
use has been increasing through brownfield devedopin central areas (Punter, 2009) with
a number of Policy documents, including the CityntCe Strategy 1998, The Bristol City
Centre Strategy and Action Plan 2005-2010 and tiietd® Development Framework Core
Strategy 2011, including the promotion of connettiand accessibility of areas as core

themes through mixed use and density.

Bristol was chosen as England’s first cycling ¢ity2008 and received a grant of £11m from
the DfT to transform cycling facilities in the ci(Better by Bike, 2012). This investment was
used to increase on-road cycle lanes, new tralfe foutes, new parking spaces and measures
such as training and awareness programmes. The &astainable Transport Fund provided
by the DfT has allowed the local authorities thater the Bristol city area to work together
to improve links between towns and cities. Bristdhe only UK signatory City of the Charter

of Brussels set up in 2009 (European Cycling Fedotera2009) aiming to achieve 15% modal
shift by 2020. Bristol has been awarded the Eunog&aeen Capital for 2015 (Bristol Green
Capital Partnership, 2013). Through this initiatttie city aims to create local communities
that are easily accessible, that reduce the ne&dvel by polluting vehicles, in which it is

safe and pleasant to walk and cycle.

3.3.4 York

York is a historical town including pockets of imationally leading manufacturing
companies with outlying centres and is th& itgest city in the UK (UK Cities, 2013). York
took an ambitious early approach in forming a lergn cycling strategy following the change
in UK policy in the late 1970s and early 1980s.e&kias of documents have been produced

that describe the process of attempting to incregskng in the city, including the Cycling
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Strategies from the Local Authority’s Local TrandpBlans (City of York Council, 2000;
2006; 2011). The Council has worked with many oiggtions such as the University of York,
the Ministry of Defence and Sustrans who were im&dlin the initial construction of purpose
built cycle paths (City of York Council, 2000). BY)06, 80 km of off road routes, 60 km of
on road cycle routes and cycle racks or lockergwestalled at all park and ride facilities in
the City and 37% of residents considered themselvdse cyclists. The Local Authority
reported a change in use of the network with festent journeys made between the home
and work, and an increase in orbital or crosstapg as a result of changes in land use patterns
with a reduction in traditional work places in ttigy centre and an increase in out of town
destinations. Conflict between cyclists and motaffic was consistently identified by a

number of user groups as being a key deterrenettey cycle use.

In 2008, the City of York Council and Cycling Ci¥ork submitted a revised cycling strategy
for the city to Cycling England. Targets describedhe document include an increase in
cycling participation of 25% of current (2008) lévdy 2010 and to increase cycle trips to
work from 12% to 13.2%, among others. Among thesaohthe strategy were to provide
connections and new routes and to improve theahiitly and quality of minor infrastructure

and to influence travel to work decisions. A suru@y010 indicated that cycling rates had
increased by 10% from 2008 levels, and the Cydlitg programme (the Cycling Strategy
within the Local Transport Plan 2006-2011) was tdied as the primary reason for the
increase. The City of York Council (2012) has utalezn a public consultation in order to

prioritise locations at which improvements to tlyele network can be made.
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3.3.5 Leeds

The City of Leeds is the second largest metropokltieea in the country after London. Since
the 1970s the City has seen an increase in the@uohlsommuters as regeneration of historic
industrial areas took place, and this trend haglacated over the past 15 years with an
increase in employment associated with the groviimancial, legal and retail sectors in the
City. The City of Leeds forms part of the West Ysnke Integrated Transport Region which
is the body responsible for defining the regionahsport strategy. The West Yorkshire Local
Transport Plan 2011-2026 sets the objectives offompg connectivity to aid economic

growth across the region and to make substantglrpss towards implementing a low carbon

transport network in West Yorkshire (WYLTP, 2011).

Historic data for motor traffic entering the inro#lly perimeter showed rapid increases between
1980-85 (+15.2%) and 1985-90 (+18.4%) with the odtmotor traffic growth then slowing
1990-95 (+4.2%), 1995-2000 (+5.5%), 2000-05 (+4before recent reductions in traffic
2005-09 (-2.2%) (Leeds City Council, 2010). Thisenat reduction is reflected in modal shift
figures which show in bound car journeys accounfiim@1.2% of journeys in 2000 and 55.2%
of journeys by 2009, with significant increasesnibound train journeys (from 9.5 to 17.8%)
and more minor increases in walking (from 2.5 1#8) and cycling (from 0.4 to 0.9%) (Leeds
City Council, 2010). Sustained, annual reductionmbtor traffic are evident from the most
recent traffic monitoring report which takes datani a range of road types located on 30 sites
(i.e. a different sample from previous survey) ambws a 7% reduction in motor traffic
between 2006-2011 (Leeds City Council, 2012a). épt&nber 2012, Leeds City Council
adopted a supplementary planning document spegiftie requirement to produce travel

plans for major developments in order to reducgaaneys, to reduce car speeds to improve
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safety for pedestrians and cyclists, and to redtmight movements (Leeds City Council,

2012b).

3.3.6 Leicester

Leicester is the largest city in the East Midlaadsa of central England and thé"llsrgest
city in the UK. Initially Leicester developed asiamportant market town and then, during the
industrial revolution, was a centre for hosiery mfacturing. Leicester has seen inward
migration with its population increasing from 27000in 1994, to 293,000 in 2000 (Leicester
City Council, 2000) to 329,900 in 2012 (Leicestaéry@ouncil, 2011). This is in contrast to
a population decline of 4.2% between 1971 and 1#80a 10% decline in the number of
people working in the City in the same period (lester City Council, 2000). This historic
decline in population, particularly from the Cityefire, led to an increase in the number of
people commuting into the City (from 57,900 in 198169,770 in 1991) and a decrease in
people travelling to work from within the City (f0 119,490 in 1971 to 83,390 in 1991)
(LTP1). Cycling levels have remained low despitedbrvelopment of over 60 miles of cycling
network infrastructure. Priority in the LTP2 intes$ of cycling development was to complete
missing links in the existing network, in particuthe Green Ringway orbital route. In 2009
Leicester City Council commissioned WSP to use RAR®OLEMY land use and transport
model to determine the effect of a large proposedsimg increase on urban congestion.
Results showed that without intervention vehiclersadelay would increase in Leicester by
between 15-40%, and that of the interventions ammed, which included redistribution of
employment centres, extension of park and riddifi@si, or so called ‘smarter measures’ to
deter car use in the City, measures that detemsmwould be the most effective in reducing

congestion (WSP, 2010).
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At the time of the publication of the City’s firkbcal Transport Plan in 2000, emphasis was
being placed on the development of radial linksvieen suburbs and the City Centre, and the
development of three ring routes at various distararound the City Centre. The Leicester
City Council LTP3 reported a 77% increase in cygliavels between 2003/4 and 2009/10,
although this was at least partially attributedb@dter recording of numbers of cyclists. By
2009/10 cycling represented approximately 1.4%otal tpeak time trips into the City Centre
(Leicester City Council, 2011). The ongoing cyclstgategy presented in LTP3 concentrated
on identifying low cost, high impact missing linksthe existing cycle network, the integration
of pedestrian and cycle movement in urban regeioeraichemes, and the continued

promotional and training activities.

3.3.7 Neath Port Talbot County Borough

Neath Port Talbot County Borough (NPTCB) is diff#trédrom the other case study areas
considered in that it is not dominated by a centrbhn area. NPTCB covers an area of 44,217
hectares, the majority of which is rural in nat¢lPTCB, 2009). The topography of the
NPTCB area is split into a narrow coastal stritggsouth west which forms part of Swansea
Bay, whilst the centre and north comprises of rixateys (Afan, Amman, Dulais, Neath and
Swansea) separated by upland areas and mount&i@sndjor population centre is in Port
Talbot on the coastal strip with other populatiemtces being in the lower Neath valley and
Pontardawe. Historically, the coastal strip was mhated by large industry including
steelworks, chemical works and refineries, with thdustrial activity in the valleys
comprising of mineral extraction. Today the coastap contains the majority of employment
opportunities, with various manufacturing indugrsuch as Tata steelworks and the local
authority being major employers. The major east¢twoad link, the M4 motorway, main rail

link (London — Swansea), and the deep water dotkzoa Talbot are also located in the
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coastal strip. Port Talbot is located 8 miles ®¢last of the major urban area of Swansea and
approximately 30 miles west of Cardiff, and this)pmity to the major urban areas of South

Wales affects the movement of population within #mdugh the area.

NPTCB contributes to the Regional Transport PlarSimuth West Wales (2010-2015) which
provides a high level overview of regionally sigcdint transport objectives. This includes a
walking and cycling strategy which includes promgtbehavioural change, establishing safe
routes to link communities and urban network dewelent (SWWITCH, 2009) although
there is no detail provided in the document on Huege will be achieved. Despite not having
a core central urban area within which cycling lifaes can be concentrated, the area does

have a relatively well defined cycle network bustis focussed on leisure/tourism.

3.4 Summary

This chapter provides an overview of the spatiallysis approach that was selected for use
within this thesis including its origin within theEP model and the development of space
syntax into Maplinfo. The advantages of space syertaxliscussed together with the principles
of the modelling procedure and how the configuratibspace is quantified (Turner, Penn and
Hillier, 2005). Techniques involved in the creatimirthe axial maps are presented along with
issues and approaches developed to represent dii@cently (Turner, 2004; Manum and
Nordstrom, 2013: Cahill and Garrick, 2008; Hilli&993; Turner, 2007; Dalton, 2007 and
Penn et al., 1998). Justification for the selectidrthe six study cities/region is provided

together with a description of each.
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Chapter 4: Validation of the spatial analysis modefor aggregated
motor traffic flow
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4.1 Introduction

One of the objectives of this thesis was to idgntdst and improve a motor traffic flow model
that can be used at a city/regional scale. In alachieve this, integration values calculated
by the spatial analysis model have been correlaidd real motor traffic flow figures. If
integration values are found to correlate well wigal motor traffic flow figures, it can be
concluded that space syntax procedures based iM@pdfo can be used to predict relative
motor traffic flow within the modelled space aneérdfore be used to identify routes of high
motor traffic flow. The same principles could thieae applied to the movement of cyclists
through the transport network. Opportunities ta@ase modal shift from car to bicycle in
highly utilised areas can then be investigatedrdeoto reduce carbon emissions and other

impacts.

As described in the literature review (Section 2.10ds costly and time consuming to set up
and maintain traditional motor traffic flow modeala at a city/region wide level as they can
require the collection of vast amounts of dataragglire a high level of expertise to use them.
This thesis aims to test a model that requiresitissdata as possible, provide meaningful and
useful outputs that could work on a standard pedscomputer with commonly used software,
and, therefore represent a cost effective cityinregvide modelling platform. A step-by-step
approach was used during the validation procespgotentially limit the data collection
required. Each step has been analysed individt@llyvestigate its effectiveness in terms of

modelling accuracy.

To undertake the validation process, as much deliablid motor traffic flow data as possible
was collected from local authorities monitoring &evrange of roads. The relationship

between measured motor traffic flow (independentatde) and model calculated spatial
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integration values (dependent variable) was uselksaribe how well the model was able to

predict real motor traffic flow figures. The aim svéo achieve strong positively correlated

variables — as motor traffic flow increases, ing&ign values increase. The following
statistical analysis was undertaken to investigatecorrelation:

» Linear regression enables analysis of the direction and strengthhef relationship
between two variables (Moore, 1997). A regressioa ¢an be plotted which best fits the
data, i.e. that goes through or is as close toas/rof the data points as possible (Field,
2009). The direction of the relationship in thisearch should be positive, as one variable
increases (i.e. integration value — dependent bigjathe other should also increase (i.e.
measured motor traffic flow — independent variabldje relationship should be strong,
with points lying close to the line, with little asiter. The Rvalue is used to assess how
good a fit the line of best fit actually is. Thegresents the percentage of variation in the
dependent variable or how well the regression filsethe data (Field, 2009). A low’R
(i.e. close to 0) indicates that there is littléatienship between the dependent and
independent variable (i.e. a poor correlation),Istrd high R (i.e. close to 1) represents
a good relationship between the two variables & .strong correlation). The integration
value for each location where motor traffic flowt@aas available was obtained from the
appropriate axial map and the regression valuecaigsilated to evaluate the relationship
between real motor traffic flow for the varioustteandertaken. For consistency, linear
regression analysis was run for all tests.

» Spearman’s rank correlation co-efficient (SRCC)was undertaken to support linear
regression analysis as it provides additional exsdevhere the relationship between data
Is not particularly linear. SRCC is a non-parantaest of statistical dependence between
two variables, and it can be used for non-normaligtributed data. Dependent
(integration value) and independent data (real moadfic flow data) is ranked and then

Pearson’s correlation is applied to the ranks. $&&es correlation requires interval data
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to provide an accurate measure of the linear oglahip between two variables. By
ranking data using SRCC, data is allocated tovmatsrallowing Pearson’s correlation to
be applied (Field, 2009). The sign of the SRCCaaths the association between the
independent variable and the dependent variablmtlf increase, the result is positive, if
one increases and one decreases the correlatifficiene is negative. A score of zero
indicates that there is no tendency for increasgecrease of the dependent variable as
the independent variable increases. When the risstil{positive or negative), the data

are perfectly correlated.

As the correlation between measured flow ratescabcllated spatial integration values is
influenced by human behaviour and other networkatttaristics, the Rand SRCC values
are not expected to be as high as in physical psese Linear Regression has been
implemented as a means of evaluating the stafistimaelation between measured and
predicted motor traffic flow where the distributioh measured flows across the study area
approaches normal. In order to account for instawvgeere measured traffic flow is non-
normally distributed, Spearman’s Rank has also m@lemented as a means of evaluating
statistical correlation between measured and piesdlicaffic flows. A further discussion of

this approach, including its limitations and alegime approaches is provided in Section 10.

4.2  Stage 1 — Validation of motor traffic flow modewith basic flow data

Cardiff County Council provided data from loop d#tes which counted motor traffic in both

directions and were located at permanent, stagtipos on most major routes throughout the
city. Loop detectors are induction loops underrtbeed surface that forms part of a resonant
circuit (Tillotson, 1984), motor traffic passing @vthem is automatically and continuously

counted and recorded.
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58 loop detectors were located throughout the oiginly on A and B roads as illustrated in
Figure 25. Motor traffic flow data was obtained &éoperiod of eight weeks during the autumn
for all 58 detector locations. This period was skd to represent typical flow patterns i.e. it

excludes holiday times and key city events.

Case study area 2 — suburban
area — Thornhill / Whitchurch

V¥ Location of
loop detector

Case study area 1 —
urban area - Canton

Figure 25 -Axial map of Cardiff including locations of loop etors across the city and

case study areas

Motor traffic flow data obtained was analysed ustmlysis of Variance (ANOVA) in

SPSS to remove errors recorded due to:

* Broken or damaged loops;

* Obscure weekly counts such as high volumes of mrdéiic due to large sporting events.
A significance value of 95% was used to removersrro

Data for loops which had viable results were comabito produce two directional average

hourly motor traffic flow figures for each detectocation. This temporal resolution of data
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was satisfactory for the model as it consideredtingd differences between locations rather
than the specific numerical value of the data. Ysimerage hourly motor traffic flow figures

also enabled comparable data to be used at ditfstages of testing the model.

For each individual location where average motaiffitr flow figures were available,
integration values from the axial map within thatsd analysis model were obtained. Linear
regression analysis and Spearmans Rank Correl@befficient (SRCC) tests were carried
out to analyse the relationship between averagehhouwotor traffic flow data from loop
detectors and model calculated global integratiatues. Global integration is the value
calculated when no modifications are made to thecbiategration calculation procedures

within the spatial analysis model.

It was anticipated that the initial correlation\ween average hourly motor traffic flow and
basic global integration values may be weak dumtmt data not being available at this stage
for a wide range of roads. Other factors such asomwaffic entering/leaving the city
boundary and features that attract/detract roadrgseot accounted for within the basic spatial
analysis model at this stage. As such, the scopleeo¥alidation process was expanded in a
staged manner in order to account for these eftetd4o enable the motor traffic flow model

to make predictions of necessary accuracy.

4.3 Stage 2 — Incorporating an increased range ofator traffic flow data

In Stage 1 of the validation process, motor tratbicnt figures were only available for major
routes within the city of Cardiff and not for snaalroads. As a result of this bias in the initial
data a relatively weak correlation between realrayye hourly motor traffic flow and

integration values was expected because the fimeonle of lower motor traffic volume roads
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was not accounted for. In order to address thsgcand stage of validation which included
monitoring data for roads with a range of integnatvalues that were likely to have lower
motor traffic flow volumes, for example small sisteeets in urban areas to cul-de-sacs located

in suburban areas, was required.

Potential methods for incorporating this additiodiata into the validation process were tested
on small case study areas of Cardiff as it wadaastible to gather average hourly motor traffic
flow data at this fine level across an entire Gityregion. Manual counts and temporary
Automatic Traffic Count surveys, using pneumatibds' were, carried out on a range of roads
based on the different levels of integration valtiase study areas were chosen where a limited
number of main routes enter the space and where bagh level motor traffic count figures

were available.

4.3.1 Case study 1 — urban area — Canton and Pontuza

Case study 1 — ‘urban area’ included the compdetruareas of Canton and Pontcanna located
near the centre of Cardiff as illustrated in
Figure 26. It is a densely populated, built up akthe city which is well defined, bound by

four major roads, with loop detectors located anrttain roads into the area.

Manual counts were undertaken by two personnel ngowetween two sets of ten data
collection points for two days (8am-6pm) countingffic (cars and vans only) travelling in
both directions for five minutes at each locatibacations were selected to cover as wide a
range of road integration values as practicablgitds and also to minimise the time required
to move between locations. All count locations witthe sample area are illustrated on Figure

26.
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Six temporary Automatic Traffic Count (ATC) survew®re positioned by Cardiff County
Council (CCC) in requested locations in the areerdkie same period. The tubes work by
recording the pressure changes in the tube frontheshpassing over them. The information

was stored by the ATC equipment and downloadelea¢nd of the survey.

@ Manual count
| Temporary ATC pneumatic tubes

A pPermanent ATC loop

Figure 26 -Axial map of case study 1 - urban area illustratiognt locations

Data was also obtained for six permanent ATCs &mtatithin the case study area. Therefore
data for a total of 32 count locations was avadaf@d0 manual counts, 6 tubes and 6 loop
detectors) in an area which included 360 axiakliddl results from motor traffic counts were
converted to average hourly flow. As such a greaege of motor traffic flow figures for the

area were available for model validation.
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Two analyses were considered for case study 1anuabea — Canton and Pontcanna:

» Global integration values were calculated whenvthele axial map of Cardiff had been
included within the calculations. This investigatbd impact of looking at a sub-area of a
larger space;

* Global integration values were calculated assurthiegcase study space was an isolated

space, excluding the axial lines for the rest afd@f

4.3.2 Case study 2 — Suburban area — Thornhill/Whshurch

Case study 2 — ‘suburban area’, included the preadamtly residential areas of Thornhill and
Whitchurch, located at the northern edge of Cardifita from 50 count locations was
available from different counting mechanisms asstilated in Figure 27 (40 manual counts, 3
tubes and 7 loops). Global integration valuestierwhole axial map of Cardiff were used for
the calculation and provided additional evidencmashether a broader range of motor traffic

count data provided a better correlation betweahdata and integration values.

@ Manual counts
V¥ Coil detector

Figure 27 -Axial map of case study 2 — suburban area illustyatount locations
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Global integration values for case study 2 — subirarea were used from the whole axial

map of Cardiff and as such investigated the impéfdoking at a sub-area of a larger space.

4.3.3 Extending the sample across the city

The next step was to obtain additional manual imwther areas of the city to identify
whether incorporating further measured flow datamfrroads with a broader range of
integration values into the calculations improvied torrelation for the wider city area. Data
from a total of 117 motor traffic count locationsne available from across the city for a range
of road types, the nature of these are present8cile 3. The locations of the different

counting mechanisms can be seen in Figure 28.

Table 3 —Motor traffic count data available for Cardiff

Type of count No. of locations
ATC loops 48
Manual counts 60
ATCs tubes 9
Total 117

The whole of Cardiff was included within the axialap and the analysis. The global
integration value at each point where survey data eollected was extracted from the axial
map and the correlation between the two data sats umdertaken using the previously

described statistical methods.

4.3.4 Application of radius integration

The spatial analysis model developed incorporatéeiature that enabled different 'radius’

assessments to be made to identify whether limthiegspatial analysis to a local integration

Joanne Patterson 140 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

approach produced a more accurate correlation iahtraffic flow values. The method of
radius integration is described in Section 3.2.&diRs integration allows for the integration
focus to be displaced from the centre of the emtiegl network for the city to roads that are
well integrated within their locality. This meth@alapplied using different radius calculations
that produce different, more localised integrat@tues. These localised integration values

are analysed against real motor traffic flow figure

Figure 28 -Map illustrating motor traffic monitoring locatioreross Cardiff

Radius integration analysis was undertaken at ¢lewing spatial scales to investigate
whether the radius facility provided a good cotielawith real traffic flow:
» City wide with limited data points on main routadyq

* Small study area — urban.

Radius depth values of 3 and 7 were applied at bcdles (Penn et al., 1998; Dalton, 1997;

Turner, 2004).
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4.4  Stage 3 — Application of weighting factors

The ability of weighting factors to address ideetf limitations within the space syntax
approach, and therefore improve overall correlatralues, was investigated. Weighting
factors were investigated independently to idenifify correlation between average hourly

traffic flow figures and predicted flow figures.

‘Weighting factors’ enable various characterisb€she network infrastructure that may have
a greater influence on the integration values tinbkided in calculations (Law et al., 2013;
Kwan, 2003; Desyllas et al., 2003). The weightinmgpraaches investigated allow the
incorporation of a degree of real world complexitio what would otherwise be a relatively
non-complex modelling approach, without committihg end user to a greatly increased
burden of data capture or complex data manipulatham effective weighting factor, or

combination of weighting factors, could improve tberelation between average hourly
traffic data and predicted integration values bgonmporating a limited level of additional

complexity into the model. The methodology used makocating weighting factors needs to

be replicable and consistent to give it validity.

Weighting factors investigated as part of this Thesre:

* Boundary weighting — allowed the movement of mataffic in and out of the mapped
area to be represented within the space analysiglmo

« Road weighting — allowed specific road charactessthat influence the potential
attractiveness of a road to be represented witl@rspace analysis model.

These weighting approaches and their applicatiatminvithe model are described in the

following sections.
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4.4.1 Boundary weighting

Traditionally, when using spatial analysis, axiaék for the area of interest are input and an
area is dealt with in isolation with the model oimlgorporating the lines within the axial map
created within the calculations. ‘Edge effect’ cenincorporated as discussed within Section
3.2.3 which allows an estimation of incoming andgoing motor traffic based on the
surrounding configuration of the space, althougis trequires significant extra time
commitment when considering urban scale spaceshdiitincluding external spaces and
associated movement, axial lines at the edge akahmap are less integrated (i.e. have fewer
connections) than those within the centre, andlmmmegeneous population densities outside
the area of study are not considered. Howevergah situations this is not the case with
potentially significant movement patterns in and oumapped areas. When looking at the
flow within an area the size of a city the influkrmotor traffic adds a significant volume to
internal motor traffic flows. For example, over GO0 commuters in Cardiff live outside the
city’s boundary (Cardiff County Council, 2011b) attis additional volume of motor traffic
therefore needed to be incorporated into the aisalyshe boundary weighting facility
validated as part of this thesis, enabled road ordsvadjacent to the area of study to be
incorporated into the calculations without phydicdrawing the axial lines for this extended

area onto the map.

To add further functionality to the boundary weightfacility two levels of ‘depth’ were
incorporated into the model. These were (i) conaastand (ii) levels, both of which could
be 'attached' to routes into and out of an areeomnectionrepresented an unmapped road
(i.e. aroad that was outside of the specific &eag modelled) that was linked directly to the
axial map. Alevel represented unmapped roads leading from this ctione Connections

and levels are illustrated on Figure 29. Thesebeaattached to any road in an axial map. The
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two depths provided the opportunity to represegreater variation of incoming motor traffic
at the boundary. Generally flow data is availabldimited locations at the boundary of a city
or region and this had to be considered when dpirelothe methodology for assigning

boundary weightings.

Connection

Level

Figure 29 -Example of the boundary weighting facility

A replicable method both within and across regibad to be identified. Two main issues

needed to be considered:

« Where should boundary weightings be allocated? elbez many roads at the edge of a
city or region that vary in flow. The method totiested allocated boundary weightings to
motorways, built up and non-built up roads;

* What weightings to use? — Real motor traffic flomtalwas available for limited locations
at the boundary of a city therefore the methodlotating boundary weightings could not
be reliant on the availability of real motor trafflow figures. For example, the method
could utilise the number of axial lines within theole map and allocate flow figures that

are proportional to this number.
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In order to test possible boundary weighting meshadd validate the model, comparisons
between average hourly traffic flow and calculateigration values needed to be made.
Methodologies for boundary weightings were testadtlee case study 1 — urban area in
Cardiff. Methods that demonstrated the strongdatiomship between average hourly traffic
flow and integration values were then tested onnthele of Cardiff and other cities in order

to establish whether the method was valid at alasgale and in other locations.

4.4.1.1 Classification of roads

Both boundary weighting and road weighting reqomasistent methods of weighting within
and across cities. Key features of the motor tdftiw model are that it should be relatively
easy to use and populate, and that it can be adptidoth in the future and in other cities and
regions in the UK and internationally, and this @dobe reflected in the choice of road
classification system used. Discussions with lecahorities took place to identify the most
appropriate road classification system to use émmiolary and road weighting. National road

classification systems and fine scale network otere considered.

Fine scale network options included the possibditynapping all features within the system
that encourage or discourage motor traffic suchedsa crossings, surface quality and road
width. Similar ‘weighting’ tests have been implerteghby Law et al. (2013), Stahle (2012),
Lin and Yu (2012) and Turner (2007) among othelss Type of classification method could
be applied when considering a small area of astith as a neighbourhood, however, at a city
or regional scale, the amount of data requiredasveist and subjective to suit the criteria of
the model under validation, i.e. the requiremeat thformation should be able to be collected

relatively quickly and easily.
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Two broader road classification systems which gmglieable on a city/regional scale and
therefore replicable were chosen including:

1) Nationally allocated Motorways, A roads and B rqads

2) A network of Core (motorways), County (routes ofjngficant importance) and
Distributor (smaller key roads) roads as identifisdthe local authority as important
routes within the City of Cardiff. This classificat was devised by the Transport
Planning Department of Cardiff County Council basachow roads are ‘used’ and was

informed by local knowledge.

As the method to be used needed to be replicabth,ib the future and in other areas, the
classification system most suitable to be usedénmodel was motorways (M), A roads, B
roads and minor roads as these are nationallyiftbesand can be easily identified from a
good road map. It was decided to elaborate ondiissification to allow for distinction
between speed limits as speed of motor traffic e@ssidered likely to have a significant
impact on the amount of on-road use by cyclisgetioer with other broader issues such as air
pollution and accident rates. Therefore roads adiwes city were allocated to either:

e Motorway (M);

* Non-built up major roads (A or B roads) — speedsiofe than 30 miles per hour;

e Built up major roads (A or B roads)— speeds 30 sier hour or less;

+ Minor routes.

4.4.1.2 Boundary weighting tests on case study lurban area

Case study 1 - urban area was used to test thelapuweighting methodology as it is a well
defined area, with a limited number of major robedving and entering it. The road network
within the area was represented by 360 axial liBasa for 35 locations was used at this stage

including 20 manual counts, 6 ATC tubes and 9 A®Gpk. The area had been expanded
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slightly from initial tests to include main routego the area, which accounted for the extra
data. The locations of data collection points carséen in Figure 29, including the six main
boundary routes for the area. A number of combomatof connections and levels were tested
on the six main routes into the area for which deés available, as illustrated in Table 4.
These are the major routes into and out of the isgeanotorways, A or B roads. Boundary
weightings were assigned to the end axial lindatioundary for each road that is classified

as an M, A or B road.

Table 4 —Table illustrating flow data for all major routesading in and out of the case
study area

. Hourly Percentage of
No. Road name L|<:)ic it'rgnz'g traffic count overall flow
9 (av.) movement
Western Avenue West of
1 Taff Bridge 1 2,559 26
2 Cardiff Road North of High 5 1,631 17
Street
3 Cowbridge Road East 3 2,408 24
4 Leckwith Road south of 4 1.434 15
Lawrenny Avenue
5 Wood Street Bridge 5 416 4
6 Lower Cathedral Road 6 1,362 14
Total traffic count (in and 9.810 100
out of area)

Fifteen boundary weighting methods were assesggpiyiag different connection and level
figures to the roads indicated in Table 5. The eations and levels described were applied
to each of the six boundary locations in the caisgysl — urban area. Figures used to weight
connections and levels in tests 1 — 6 used readmu@tffic flow figures collected from the six
boundary locations. This was not ideal as it iskety to be replicable at a city/region wide
scale due to a lack of data. Tests 7- 15 used mdetthat were replicable for any axial map
and were not reliant on real flow data. Tests D-dded independent, round numbers that did

not relate specifically to the map.
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Table 5 -Table illustrating boundary weighting tests undegtafor each case study area

Test Connection weighting figure Level weighting figure
1 Hourly traffic count None entered
2 Half of the hourly traffic count None entered
3 Half of the hourly traffic count Half of the hourly traffic count
4 Double hourly traffic count None entered
5 Five times hourly traffic count None entered
6 10% hourly traffic count 10% hourly traffic count
7 1000 1000
8 100 1000
9 1000 None entered
10 100 None entered
Radial distance (miles) from axial
11+ line (calculated as 1% of number None entered
axial lines in whole map).
Radius distance (miles) from axial
12* line (calculated as 0.5% of number None entered
axial lines in whole map)
13* Number of qmal Ilnes within a 1 None entered
mile radius
14* Number of a_X|aI Im_es within a 1 Number of axial lines within a 1 mile radius
mile radius
15* None entered Number of axial lines within a 1 mile radius

Tests 11 — 15 used data that related the boundéllmes to the axial map as a whole and
are therefore replicable. The weighting factorsdusere associated to the number of axial
lines in the direct vicinity of the axial line t@bveighted from the larger axial map of Cardiff.
This method enabled the density of the area sudiagrthe axial line to be considered whilst
providing a replicable method for estimating theoiming motor traffic to be used to provide
a weighting, similar to the ‘Edge effect’ methode¢Bon 3.2.3). The number of axial lines
within the urban case study area was used astagtpoint - 360. A percentage of this was
then used to calculate a radius distance arounaliheéline. In test 11 this was 1% - 3.6 miles,

and test 12, 0.5% at 1.8 miles. All axial lineshivita radius of each distance were then
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counted. Axial lines within the case study areaenstcluded as they were already included
within the integration calculations. The conneci@onl level values that have been used in the
fifteen tests are presented in Tabléhése are based on the methods described in Table 5

above.

Table 6 -Table illustrating the connections and levels agpivithin each test case for case
study 1 — urban area

. . Lower
LSS High Street CEmiEne e Lee ailn Wood Street Cathedral
Avenue Road East Road
Road
Test C L C L C L C L C L C L
1 2559 1 1639 1 2408 1 1434 1 416 1 1362 1
2 1280 1 815 1 1204 1 717 1 208 1 681 1

3 1280 1280 815 815 1204 1204 717 717 208 208 681 681

4 5118 1 3262 1 4816 1 2868 1 832 1 2724 1

5 12795 1 8195 1 12040 1 7170 1 2080 1 6810 1

6 256 256 164 164 241 241 143 143 482 482 136 136

7 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000

8 100 100 100 100 100 100 100 100 100 100 100 100

9 1000 1 1000 1 1000 1 1000 1 1000 1 1000 1

10 100 1 100 1 100 1 100 1 100 1 100 1

11 5291 1 4751 1 3889 1 4020 1 4477 1 4677 1

12 1407 1 1325 1 1066 1 849 1 1133 1 1433 1

13** 411 1 484 1 400 1 152 1 599 1 503 1

14** 411 411 484 484 400 400 152 152 599 599 503 503

15** 1 411 1 484 1 400 1 152 1 599 1 503

4.4.1.3 Boundary weighting for Cardiff

Following the completion of boundary weighting tesh case study 1 — urban area, tests were

carried out on the whole of Cardiff. The road netvof Cardiff was represented by 7,731
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axial lines. Motor traffic flow data was availaldte 117 locations across the city on a range
of road types as an additional data set was olatdarehe same dates for extra locations from
the county council. The count locations at the eofgde City were identified as M, A or B
roads and these were also further classified asndnhup (>30mph) and built up (30mph or
less). Boundary weightings were tested at bounldagtions in order to generate a more valid

correlation between integration values and avehagely traffic flow figures.

The tests undertaken, using the same principlés @asse study 1 — urban area are presented
in Table 7. Tests 1, 2, 10 and 11 used real tréffis data and may not be replicable within
other areas where motor traffic flow data is naikble. Test 3 used global integration values
calculated by spatial analysis from the axial mBgst 12 used figures proportional to the
number of axial lines within the map, both methtidsefore being replicable. This was also
true for tests 4-9 which used independent figuetsted to the size of the axial map related to
the authority classified core network and countywoek within the city as described in

Section 4.4.1.1.

4.4.2 Road weighting

The final weighting method to be evaluated was re&ighting. There are a number of
characteristics of a road that can act as an ineeat deterrent for its use by motor traffic and
other modes. These features can have an effebieatetision to use a route and therefore on
total motor traffic flow. The model was modifiedcsuthat it could incorporate features such
as road type, road width and road furniture, suchedra crossings, speed bumps and traffic
lights into the integration value calculated. Foample, where a road is better integrated into
the network than an adjacent route it is curreaigumed to be used more by motor traffic.

However, if the more integrated road has speed Bungpalled these will act as a deterrent to
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motor traffic resulting in lower traffic levels thanitially predicted by the model. By enabling
road characteristics to be incorporated into tHeutation road weighting could account for

such effects.

Table 7 -Table illustrating the boundary weighting tests entaken for Cardiff

Test Sample locations Connectlfci);uvr\;elghtlng Level weighting figure
1 11 loop de‘ecmfs at Hourly traffic count None
boundary of city
2 11 loop detectors at Double hourly traffic count None
boundary of city
3 11 loop detectors at Global integration value None
boundary of city from Cardiff map x 10,000
10 locations on 5000 for core
4 6 core None
2000 for county
4 county
10 locations on 5000 for core 5 for core
5 6 core 2000 for count 2 for count
4 county Y Y
M roads — 3 M roads — 5000 M roads — 5
6 A roads — 8 A roads — 2000 A roads — 2
B roads — 2 B roads — 1000 B roads -1
7 10 Iog it(')?gs on 5000 for core 5 for core
3000 for county 3 for county
4 county
10 locations on 10,000 for core 5 for core
8 6 core
4,000 for county 2 for county
4 county
10 locations on 5,000 for core 10 for core
9 6 core
2,000 for county 4 for county
4 county
18 locations on M
10 and A roads at the Hourly traffic count None
boundary of the city
18 locations on M
11 and A roads at the 10% of hourly traffic count None
boundary of the city
M roads — 1% of axial lines M roads — 0.1% of axial
M roads — 3 whole city lines whole city
NBU - 0.5% of axial lines | NBU — 0.05% of axial lines
12 NBU — 12 o . o :
BU-0 within whole city within whole city
BU — 0.25% of axial lines BU — 0.025% of axial lines
within whole city within whole city
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Different options for weighting roads within motoaffic flow modelling have been discussed
within the literature review (Section 2.11) and ogpnities to weight roads according to road
width and/or features such as zebra crossings peekdsbumps were considered. However,
following discussions with local authority staffdaeome preliminary investigations using GIS
maps and site visits it was found that the levellatt collection required was too great and
would break the criterion that data for the finaddel should be relatively easy to collect and

input.

As an example, the collection of road widths asoasible weighting factor was initially
considered. However, there were many variablestafig road width including parked cars,
dual/single carriageways, presence of a centratvation, hard shoulders and turning lanes.
These varied throughout an area and also alongghesaxial line/road. Certain features,
particularly parking varied significantly duringelday. To undertake data collection at this
level of detail would be too time consuming andengive for this type of urban scale model.
As such it was decided that the UK wide road cfecsdion systems (as discussed in Section

4.4.1.1) would be used to assess the use of romghtivegs for replicability and simplicity.

44.2.1 Road weighting for Cardiff

The road weighting methodology was only testedh@wthole axial map of Cardiff as there
were very few motorways or principal routes withine smaller case study areas, therefore
analysis of this weighting method at a smallereseabuld not provide useful results. Figure
30 illustrates the axial map for Cardiff with treads classified as motorways, principal routes

and minor routes shaded.
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Data from 148 motor traffic monitoring points was#able for this analysis including loop
detectors, manual counts and ATC data together edtimty motor traffic flow data for an
additional 34 sites across the city. Data was ctdle from key routes, strategic counts,

screenline sites and from within the central arfeth® city.

Road classification

Motorway red

- J Principal (non buit up >30mph) |[yelow
Prinicipal (buit up <30 mph) green
All minor routes purple

Figure 30 -Axial map of Cardiff illustrating classified roads

Three road weighting tests were applied to foufed#nt sets of integration values from

previous tests. These four sets of integrationesluere chosen due to the variation of the

source of the information and ease of data actpnsiThese include:

1) Original global integration values with no boundangighting;

2) Global integration values calculated from boundaeyghting using County and Core
roads (test 5 in Table 7);

3) Global integration values calculated from boundaejghting based on M, A and B road

weightings (test 6 in Table 7);
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4) Global integration values calculated from boundagrghtings based on M, BU and

NBU road weightings (test 12 in Table 7).

The three sets of road weighting applied are desdrin Table 8 below. Each axial line that
was classified as each of the road types were wezighsing the figures illustrated in the table
below. These weighting figures are based on thegivel importance of each road type as
expressed by the road classification. In the istsref limiting data requirement for this
weighting method the numerical range of valuessetil is arbitrary. However, a possible more
data intensive approach is discussed in SectionT@sts were undertaken to identify an
appropriate set of values that were large enoughpact on the results but were not too large
to produce null results.

Table 8 -Table illustrating the classification of road tyasl different road weightings
implemented

Motorway 4 5 3

Non built up Principal route >30mph 3 3 2
Built up Principal route < 30mph 2 2 15
Minor routes 1 1 1

Tests with and without boundary weightings werduded because if boundary weightings
did not improve integration values when road wergig were applied then it would be less
time consuming and require less data to run a kbgislmal integration calculation without

boundary weightings.

Tests were undertaken using core and county raadsSdrdiff, but this information may not

be available in other areas and was thereforehsommiost favourable option due to a lack of
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replicability in other areas. M, A and B road cléisations are available for all roads within
the UK and is therefore replicable if results fréime boundary weighting tests showed an
improvement on global integration values using théssification. This is also true for built
up and non-built up roads. Each of the tests wadiezp using the three integration road

weightings discussed in Table 8 above.

4.5  Test preferred correlation method on other cigs/region

The final stage of the validation process was $b ttee most successful method from Stage 3
(i.e. the modelling techniques with the most susttgésveighting methods) on three other
cities/regions. Motor traffic flow figures were @lted for two city/regions, namely, Leicester

and Neath Port Talbot County Borough (NPTCB).

Results were also compared to predictions from SRNUrovided by the Quantifiable City
model (phase II) — QCII model for Leeds as desdribeéSection 2.11(Van Vliet, 1981; Atkins
and ITS, 2013). These results were provided byarekers from the University of Leeds as
part of the collaboration work undertaken during dievelopment of the EEP and QCIl models

(EPSRC GR/L77348/01) (Namdeo et al., 2002).

Table 9 illustrates the number of axial lines witkach city/region and the motor traffic flow
sample data available for comparison. It can ba e Leeds and NPTCB contain the most
axial lines. Leeds has a much denser road netwaripared to NPTCB which is distributed
over a much wider area. Much less motor traffievfldata was available for the additional
cities and regions than the original study cityG#rdiff. For NPTCB and Leicester, data
collection was limited to locations of standardefix data collection points which were

generally located on main routes within an area.
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Table 9 -Comparison of data from case study cities / region

Cardiff 773l 148
Leicester 4,520 32
Leeds 9,347 40
NPTCB 9,207 23

The SATURN (Van Vliet, 1981; Atkins and ITS, 2018pdel for Leeds was used to compare
with the integration values. 40 locations were &el@ throughout the city to cover a wide
range of road types and flows. Predicted motoffitrdfow figures from SATURN were

correlated with those from the spatial analysis fioaphe city.

Global integration was run for each of the thrdeesiregions. Three tests were then carried

out to compare motor traffic flow figures with igtation values. These tests are based on the

most replicable methods and data available whichbeaapplied to all three additional case

study city/region areas from the tests for the whadlCardiff in Section 4.4.2.1. Therefore the

tests undertaken included:

e Global integration with no weighting;

* Global integration values with road weightings assted with motorway/non built up/
built up from test 2;

* Boundary weighted global integration values withAlMB roads weighted as in test 6 in
Table 7 together with road weightings for motorweyi built up/built up routes;

* Global integration values calculated using boundegightings using % axial lines and

road weightings on M, BU and NBU (test 12 in Tab)e
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M, A and B routes across the test areas were ftehiand these were used for boundary
weighting locations. These routes were classifi@dgithe motorway, non-built up and built
up system to allocate road weightings. Analysis thiaa carried out for each of the three tests
described above for each of the three additionae cstudy city/regions to evaluate

transferability of the methodology that was applmast successfully in Cardiff.

4.6 Summary

This chapter describes the stepped data collegtiooess used to test the ability of space
syntax model to predict real traffic flow at an anbscale. It describes the collection of basic
flow data and testing the validation process o chisdy sub-areas of Cardiff with increased
data sets. Radius integration was tested to igewtifether displacement from the centre of
the road network to localities was found. The aggtlon of boundary and road weightings
were described to attempt to improve the corrahatedues. These allow a degree of real world
complexity into a relatively non-complex model. Reavere classified to allow these tests
using a replicable method to enable transferabiliigsts were run for different boundary
weighting methods on both a case study sub-are@mmide whole city. The road weighting

method was tested on the whole of Cardiff. The wddlogy for the most successful methods
were then tested on three other city / regions,paoing results with both real motor traffic

flow data and data generated from SATURN. The tesuk presented in Chapter 5.
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Chapter 5: Results from the validation of the spafl analysis
model for aggregated motor traffic flow
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51 Introduction

The aim of this Chapter is to present the testtefur the implementation of a spatial analysis

model for vehicular road traffic flow in cities. €hesults are presented in the same order as

the process described in Chapter 4, namely:

Stage 1 — Correlation of integration values andcbasotor traffic flow data from loop
detectors;

Stage 2 — Incorporation of an increased range ednt@ffic flow data into Stage 1 to include
analysis of:

. case study 1 - urban area (Canton and Pontcanna);

case study 2 - suburban area (Whitchurch and THBrnh

city wide;
. radius integration.

Stage 3 — Assessment of the effect of weightintpfamn correlations, including:
. boundary weighting;
. road weighting.

Stage 4 — Testing of preferred correlation methoadtber cities/regions.

This staged approach was taken in order to ideftigyprocess that would provide the best
balance between achieving a satisfactory correldbietween integration values and motor
traffic flow data whilst trying to limit the amourdf data and time required to establish a

reliable and practical model.

Results are presented using graphs and tableslsmthrough thematic maps which present

the integration values that were calculated uspadial analysis procedures graphically. The
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integration maps are presented using the colowtspe with red for high integration through
orange, yellow, green, blue and purple, for lovegnation. The integration values calculated
are relative to all other lines within ttemmemap only. Integration values calculated for

different maps or using different data are notatlyecomparable.

5.2 Stage 1 - Validation of motor traffic flow modéwith basic flow data

Following the removal of outlier results as desedlin Section 4.2, reliable data was available
for loop detectors at 48 locations across Cartifbtor traffic flow data was converted to a
two directional average traffic flow per hour foda-hour period to allow relative flow rates
to be compared. The minimum flow within the samplas 554 vehicles per hour, the
maximum was 4,091. A histogram presenting the ®egy of average hourly traffic count is
presented in Figure 31 below. The average houwaffi¢rcount of the monitored locations was

1,807 with a median of 1,716.
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Figure 31 -Histogram illustrating average hourly motor trafficunt at sample locations

across Cardiff for Stage 1

Figure 32 shows the axial map for Cardiff indicgtilne range of global integration values

calculated. The black triangles indicate the samgptioints. Red lines indicate well integrated
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routes, purple are relatively not well integratd&bth the average and median global

integration value was 0.54.

#* Legend of coilbath... g@@

finalmap by Sp_Integration

05150 0.635 (1108)
D467 to 0.515 (1433)
0425t0 D467 (1275)
0.382100.425 (1453)
0338100352 (1444)
0.268100.333 (1057)
013 to0.268 (704)

Figure 32 -Global spatial integration map for Cardiff motaaffic flow

Figure 32 illustrates that, as would be expecteglntore integrated roads are located towards
the centre of the map, i.e. towards the city centigh less integrated routes around the
periphery. Some of the major routes such as motmwaround the edge of the city,
particularly at larger junctions, are more integdathan nearby suburban areas as they have

more connections.

Linear regression analysis was carried out to ifletiite relationship between average hourly
motor traffic flow data obtained from the 48 loogtectors and the global integration value,
with global integration being the value calculardten no modifications (e.g. weighting) were

made to the standard integration calculation. Ei@® illustrates that an’Ralue of 0.07 was
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obtained, indicating that there was not a strongticsaship between average hourly motor

traffic flow data and global integration valuesngsihe basic spatial analysis model with a

limited set of average hourly traffic flow data dahble from the local authority.
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Figure 33 -Graph of global integration and average hourly muffic count data for 48

sample locations across Cardiff

Spearman rank correlation co-efficient (SRCC), Wwhias significant at 0.05 level, gave a
correlation coefficient between the global integmatvalues and motor traffic flow data of
0.246 indicating a weak, positive correlation. Thésult corresponds with the? Ralue

obtained above.

As discussed in Chapter 4, it was expected thaeladion values obtained from the standard,
unmodified spatial analysis model would be weak)asotor traffic flow figures were only

available for major routes within the city and fartsmaller roads i.e. the data set was limited,
(i) motor traffic entering the city boundary wastraccounted for, and (iii) road features that

might affect motor traffic flow were not accountied. Further steps were undertaken in order
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to address these limitations and to improve thestation between the spatial analysis model

and real motor traffic flow. The results for these described below.

5.3 Stage 2 — Incorporating an increased range ofator traffic flow data

5.3.1 Case study results

Case study 1 — urban area Pata was available for 32 locations for the Ponte#Ganton

area within Cardiff as described in Section 4.3He maximum average hourly motor traffic
count was 2,110 vehicles per hour, with a minimdfmi@ Twelve locations had an hourly
motor traffic count of less than 100 vehicles peurt The average hourly motor traffic count

was 653 and the median was 388. Figure 34 illetratskew towards lower average hourly
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Figure 34 -Histogram illustrating average hourly motor trafficunt at sample locations for

case study 1 - urban area

The thematic map for the case study 1 — urban diestrating the range of global integration

values useffom the axial map of the whole of Cardiffshown in Figure 35. Sampling points
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are indicated as described in Section 4.3.1. Aaliagsessment indicates that generally, the

majority of the main routes within the area aragated as being well integrated.

# Phase 7 - global 1... E]@

Fhase 2 - global integration

055210 0613 (34)
0526100552 (53
051 00526 (89)
00110051 (56)
048910 0501 (46)
- 047 to 0489 (52)
0423t0047 (23

Figure 35 -Global spatial integration map for case study fban area when extracted from

full Cardiff map

When considering the measured average hourly nratffic count figures correlated with the
global integration values calculated from the axmdp of the whole of Cardiff a strong

correlation is demonstrated (Figure 36).
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Figure 36 —Graph of global integration and average hourly mu#ffic flow for a range of
road types at 32 locations within case study lbamarea in Cardiff using global integration

values from the axial map of the whole of Cardiff
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Linear regression analysis of average hourly mwadfic count data with global integration
values produced an’Ralue of 0.68, which confirms a reasonably straigtionship. This is

supported by a SRCC of 0.8, which also suggedt®ags positive correlation.

Further analysis was undertaken on this data sev&stigate differences between locations
with higher and lower average hourly motor traffow. Figure 37 shows a reasonably strong
relationship between average hourly motor traficirt and global integration values for
locations with more than 100 vehicles per hour aith® value of 0.65. This is supported by
Spearman’s rank correlation co-efficient of 0.88jak suggests a strong, positive correlation.
However, on roads with less than 100 vehicles par fsample size 12, below the suggested
figure of 20 for a regression analysis test) tRev&ue is only 0.016 (Figure 38) signifying a
poor relationship. This indicates that the modey ip@ able to predict motor traffic on roads

of frequent higher flow levels but not for roadsigthhave infrequent flow.
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Figure 37 -Graph illustrating the correlation between gloloaggration value and average
hourly motor traffic flow for roads with more tha®0 vehicles per hours within case study

1 - urban area of Cardiff
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Figure 38 -Graph illustrating the correlation between glolmaégration values and average
hourly motor traffic flow for roads with less tha00 vehicles per hour within case study 1 -

urban area

Further calculations were undertaken correlatindl weegrated roads (where the global
integration values are greater than 0.53) withlats8 motor traffic flow data. Here, thé R
value was calculated to be 0.73 which indicateisang relationship. For roads with a global
integration value of less than 0.53 the calcula®8dvalue was 0.13 suggesting a weak
relationship, again suggesting that the model naybe capable of accurately representing
motor traffic flows along roads with low motor tfiafflows (i.e. that are poorly integrated).
This is likely to be because motor traffic on moreegrated routes are 'passing through' an
area and is more consistent and therefore prediéctabhereas motor traffic on less integrated
routes is more specific to the location such asadam from a journey origin or moving
towards a specific destination and is thereforectiahtly less predictable for individual

journeys.
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The thematic map for the case study 1 - urban dhestrating the range of global integration
values when the area is dealt with in isolaf@excluding the rest of the axial map for Cardiff)

can be seen in Figure 39.

#* Stape 21i Global integratio... E@@

Stage 2ii - case study in isolation

145t0182 (19
13 tol45 (41
1161013 (73)
10710116 (56)
08710107 (71
- 0.83t0 097 (500
05510083 (33

Figure 39 -Global spatial integration map for case study fban area when the area is

dealt with in isolation

The relationship between global integration valoalsulated for case study 1 - urban area,
when dealt with in isolation and average hourly endtaffic flow figures is weak, with anR

of 0.05 as illustrated in Figure 40. The SRCC wmasitl to be significant at 0.01 level whilst

results indicated a correlation of 0.41 which iadés a weak, positive correlation. This

corresponds with the?R/alue obtained.

The relationship did not improve when considerimg hnd/or high flow rates, with’Ralues
of less than 0.1. Reasons as to why the basic npadrms poorly for an isolated area may
include incoming motor traffic into the isolatedearnot being accounted for a limited set of

data and a narrow range of road types being present
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Figure 40 -Graph demonstrating the relationship between glwitegjration values from
case study 1 area in isolation and average houstpmtraffic flow for a range of road types

at 32 locations within case study 1 - urban area

Case study 2 — suburban area For the case study 2 — suburban area, Thornhill and
Whitchurch, data for 50 locations were availabllee Fample covered a much larger area than
case study 1 — urban area and included 1,113 lmesl The maximum average hourly motor
traffic count was 3,033 vehicles per hour, with mimum of 6. The mean average hourly
flow count was 517 and the median was 108. 24 kalopations had an hourly flow rate of

less than 100 vehicles per hour.

The thematic map for the case study 2 — suburbea glustrating the range of global

integration values usddom the axial map of the whole of Cardifin be seen in Figure 41.
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Figure 41 -Global spatial integration map for case study @busban area when extracted

from full Cardiff map

Linear regression analysis of average hourly mwdfic count data with global integration

values produced an’Ralue of 0.52 (Figure 42), which suggests a fathpng relationship.

This is once again supported by a correlation éeotent of 0.8, suggesting a strong, positive
correlation. Analysis of case study areas demamestridnat by using a wider range of flow

values within these specific areas a much impraegcelation between average hourly motor
traffic flow figures and global integration valueas achieved. This was particularly the case
for more integrated roads and roads with highev$levhen taking into account the case study

areas and the surrounding spagepresented by the axial map of Cardiff).
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Figure 42 -Graph demonstrating the relationship between glwivegjration and average
hourly motor traffic flow for a range of road typis 50 locations within case study 2 -

suburban area of Cardiff using global integratiatues from Cardiff axial map

When the case study space was dealt with in isoldhie relationship remained weak. This
reinforces the need to enable the model to consmdeor traffic which crosses the boundary
of the specific area under study from the surrongdirea or to represent an extensive buffer

network.

5.3.2 Extending the sample across the city

For this stage the data set was extended to 1&fidns from across the entire city on roads
with a range of vehicle flows from 6 vehicles peuhto 4,091 vehicles per hour. The mean
average hourly traffic count was 947, with a med&B12. Flows of less than 100 vehicles
per hour were recorded at 36 of the sampling pokfitsvs of more than 100 vehicles per hour

were recorded at 81 locations.
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The relationship between average hourly trafficnit@and global integration was found to be
not very strong when all 117 count locations wealided, resulting in an®Rvalue of 0.295
(Figure 43). A correlation co-efficient of 0.632 svabtained which represents a moderate,
positive correlation, which again corresponds wvilte results from the linear regression
analysis above. Weak correlations are obtained whénconsidering roads with more than
100 vehicles per hour ¢Rf 0.20), or less than 100 vehicles per houry&ue of 0.12). The
results demonstrate that global integration vak@selated only slightly better with higher

motor traffic count figures.
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Figure 43 -Graph illustrating the relationship between averagerly traffic count and

global integration for 117 locations across Cardiff

Applying the model to a case study urban areatesin a higher correlation between global
integration values and average hourly traffic flbgures when the broader, city wide area
was considered within the integration value caliohes i.e. when the case study area was
considered as part of a larger space. However, \leegcase study area was considered in
isolation from the surrounding area, correlatiohieeed was poor. Similarly, when the city
wide area is considered as a large, isolated gppecdata is available for outside the city),

correlations are again poor. When considering tiigezcity a small increase in correlation
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was found when data from more motor traffic flowrjge was available, however, not to the
extent that the model could be considered funclitorahe intended purpose, and not to the
extent that this additional data could compengsatéie effect of modelling an isolated space.
This confirmed that additional computational methotflimproving the predictive capabilities
of the spatial analysis model were required, asosep to the inclusion of additional

monitoring data.

5.3.3 Radius integration

Radius integration tests, as described in Secti8d Awere undertaken for the city and case
study 1 — urban area (Canton and Pontcanna), tdifigl@vhether there was an improvement
in the relationship between average hourly motaffitr flow figures and integration values
by utilising this integration method. Radius int&gwn 3 and radius integration 7, which
represent a difference in depth from each axi&, limere applied to the model for the two

axial maps.

Radius integration results were calculated fordage study area in isolation and also for the
city as a whole. Thematic maps for radius integratire shown in Figure 44 (Cardiff radius
3), Figure 45 (Cardiff radius 7), Figure 46 (casalg 1 — urban area radius 3) and Figure 47

(case study 1 - urban area radius 7).
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Figure 45 -Radius 7 integration map for Cardiff
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Legend
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Figure 46 -Radius 3 integration map for case study 1 - urlvea a
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Figure 47 -Radius 7 integration map for case study 1 - urlvea a
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On visual inspection, the maps produced using sadicalculations were more consistent with
global integration, where the central area of tla@nvas more integrated. Within the radius 3
maps, routes considered more integrated were nmigperded across the axial map and more
‘locally’ integrated routes i.e. spaces that havhigher number of connections in close

proximity, are indicated to be well integrated.

A summary of the results of the radius integratests for each stage is provided in

Table 10. Regression analysis indicated that radtagration did not improve the relationship
between motor traffic count data and integratidlmes Stronger correlations, as indicated by
a higher R value, were calculated using global integratianthither of the radius integration
calculations both when isolated (i.e. city wideflaron-isolated (i.e. case study area) areas
were considered, and when the extended city wide skt was used. This result was also
supported by correlation co-efficient results (

Table 10).

Table 10 -Table illustrating differences between global aadius integration results

Pearson’s
Stage Test Integration Method R? value correlation
co-efficient
City wide loop Global integration 0.295 0.246
1 Radius 3 0.00 -0.059
detectors _
Radius 7 0.00 -0.018
Case study 1 — urban Global integration 0.68 0.8
2 _ Radius 3 0.15 0.608
area analysis :
Radius 7 0.19 0.513
Extending the sample | Global Integration 0.30 0.632
2il , Radius 3 0.12 0.502
range across the city :
Radius 7 0.18 0.556
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For Stage 1, weak, negative correlations were obtai These improved when considering
both the case study 1 — urban area and when ertettte sample range across the city with
moderate, positive correlations suggested. Howesethe results of the radius integration
calculations are all weaker than global integrataltulations, it was confirmed that this was

not an appropriate method to be used further sghidy.

5.4  Stage 3 — Assessing the effect of weightingttars on correlation

5.4.1 Boundary weighting

5.4.1.1 Boundary weighting tests on case study area

As identified above, consideration of a spaceahaison, whether it is city wide or a sub-area
within a city, results in poor model performancenastor traffic flow crossing the boundary
is not taken into account. Whilst considering theasbeing modelled as part of a larger space
largely eliminates this effect, as demonstratedvabshere the case study — urban area is
modelled as a sub-area of the larger city wide espaccommodating this adds greatly to the
volume of data required, particularly if city wide regional areas are being considered.
Collection of data on this scale may not be pratiie, and does would not comply with the
initial research goal of validating a model does inour excessive data collection burdens.
Therefore, some other means of allowing for mataffit movement across model boundaries

was required.

Previous research, as described in the literagwiew (Section 2.11) (Turner, 2007; Cahill
and Garrick, 2008) have used buffer zones arourdsaunder investigation to represent
movement crossing the boundary within small scail@ anaps. Turner (2007) created an axial

map with a buffer zone of 3km by 3km for a studg af 1knf, a 9:1 ratio of additional

Joanne Patterson 176 2014



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

modelling required to represent external spaceillGadd Garrick (2008) created a buffer area
of 8.05km for a small sample area in Cambridge,9delsusetts. This indicates that on a small
scale, extending the axial map to contain a catahraeea does not require a significant
additional time resource to create the buffer zonal map but when considering larger urban
areas of over 100kimthe additional human resource to represent tige effect would be
large and time consuming to create, which does support the aims of creating a
parsimonious model. Therefore, within this studyis#tion of boundary weighting as an
alternative to the buffer zone effect will be testas described in Section 4.4.1. Initially,
boundary weighting was tested on case study 1 -anudrea of Cardiff (Canton and
Pontcanna). Motor traffic flow data for 35 locatsowas available. Ideally the methodology
for boundary weighting should be applicable andicaple to any area under consideration
and should not therefore rely on the motor traffata of a specific area which may not be
available for all locations being considered. A tuemof tests to determine the effectiveness
of boundary weighting were carried out applyingeatiént connection and levels associated
with the roads at the model boundary as describéichble 11. Tests 1 — 6 used real motor
traffic flow figures for boundary weighting and tlke&re would be more difficult to replicate
if real motor traffic flow data is not availablee3ts 7 -15 used independent data, and therefore
are more replicable if successful. This independiatéa was either a whole number or was

associated to the space around the weighted axaaht the boundary location.

Linear regression analysis was carried out onatth énd results are illustrated in Table 11.
Four tests recorded no result indicating no retestnip (tests 3, 7 and 8). Where results were
obtained, these varied from ag & 0.10 to 0.77. The strongest relationship betweeal
motor traffic flow and integration were obtained emhonly connection weightings were
applied using figures related to the amount of agerhourly traffic flow at the boundary

location — i.e. tests 1, 4 and 2, all of which laalé? value of greater than 0.7. The results for
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tests 11, 12 and 15 which relate the boundary ilmtai the space directly around it
demonstrate that a relationship existed betweenageehourly traffic flow and boundary

weighted predicted integration values.

Table 11 -Table of results from 15 boundary weighting testdartaken on case study area

NR — no result was recorded - integration valuesaweegative.

Test Connections Levels R? Order Correlation Order
value R? Co-efficient SRCC
No 0 0 0.05
weighting
1 Hourly traffic count None entered 0.77 1 0.875 1
figure at each
location
2 Half hourly traffic None entered 0.73 3 0.822 3
count at each
location
3 Half hourly traffic Half hourly traffic NR - -
count at each count for each
location location
4 Double hourly None entered 0.76 2 0.874 2
traffic count at each
location
5 Five times hourly None entered NR - -
traffic count at each
location
6 10% hourly traffic 10% hourly traffic 0.30 8 0.549 8
count at each count at each
location location
7 1000 at each 1000 at each NR - -
location location
8 100 at each 1000 at each NR - -
location location
9 1000 at each None entered 0.32 7 0.568 7
location
10 100 at each None entered 0.10 10 0.44 10
location
11* Radius distance None entered 0.46 6 0.68 5
from axial line (1%
of number axial
lines in whole map)
12* Radius distance None entered 0.47 4 0.761 4
from axial line
(0.5% of number
axial lines in whole
map)
13* Number of axial None entered 0.24 9 0.488 9
lines within a 1 mile
radius
14* Number of axial Number of axial 0.12 11 0.426 11
lines within a 1 mile lines within a 1
radius mile radius
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15* None entered Number of axial 0.47 4 0.628 6
lines within a 1
mile radius

Test 15 was the only result using the level weighthat had a reasonablé WRlue. All other

calculations using levels obtained a very weakltesuno result was recorded. Correlation
co-efficient results, as indicated in Table 11,mrped the Rvalues calculated with virtually
every test positioned in the same order. Therevsrg small difference with the order of

results for test 11 and test 15.

As such, accounting for motor traffic movement asrthe model boundary did result in a
significant improvement in the correlation betwewator traffic flow and global integration
for the case study area when considered in isolatiod a small improvement when compared
to the case study area as part of the whole dgmation map. This indicates that the boundary
weighting facility did improve the ability of theadel to predict motor traffic flow for a small
isolated area of a city, for a wide range of roatthough the boundary weighting approaches

not based on measured motor traffic counts weraseffective as those that were.

5.4.1.2 Boundary weighting for Cardiff

Using the same approach that had been applietidarase study area as described in Section
4.4.1.3, 12 boundary level tests were undertakethemwhole of Cardiff. Tests 1, 2, 10 and
11 were based on available average hourly traffimtfigures, tests 3 and 12 were based on
characteristics of the spaces (the number of iR contained within the map) and tests 4-
9 used independent values for different road typpesding core/county roads and M, A and

B roads. A summary of the tests and the resultgioéd is provided in
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Table 12.
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Table 12 Results of the boundary weighting tests undertakeon Cardiff

Sample R2 Order Pearson’s Order
Test Iocaticr:ns Connections Levels value of Correlation of
results Co-efficient results
No
weightin 0.30 4 0.632 4
gs
1 11 locations gt Hourly traffic None 031 5 0.644 3
boundary of city count
11 locations at Double hourly
R boundary of city traffic count None NR i i i
11 loop Global integration
3 detectors at value from Cardiff None 0.29 6 0.623 5
boundary of city map x 10,000
. 5000 for core
10 locations on network
4 6 core None 0.28 7 0.691 2
2000 for county
4 county
network
10 locations on
5 6 core 5000 for core 5 for core 0.37 1 0.601 6
2000 for county 2 for county
4 county
M roads — 3 M roads — 5000 M roads — 5
6 Aroads — 8 A roads — 2000 A roads — 2 0.32 3 0.582 7
B roads — 2 B roads — 1000 B roads — 1
10 locations on
7 6 core 5000 for core 5 for core 0.34 2 0.757 1
4 3000 for county 3 for county
county
10 locations on
8 6 core 10,000 for core 5 for core 0.32 3 0.491 8
4,000 for county 2 for county
4 county
10 locations on 5,000 for core 10 for core
9 6 core NR - - -
4 2,000 for county 4 for county
county
18 locations on
10 M and A roads Hourly traffic None 017 9 0.279 11
at the boundary count
of the city
18 locations on
M and A roads 10% of hourly
i at the boundary traffic flow None 0.19 8 0.307 10
of the city
M roads —
0.1% of axial
M roads — 1% of lines _whole
axial lines whole city
city NBU -
0,
M roads — 3 NBU - 0.5% of | OO fngfs
12 NBU - 12 axial lines within . 0.17 9 0.408 9
. within whole
BU-0 whole city cit
BU — 0.25% of BUV_
axial lines Wlthln 0.025% of
whole city L
axial lines
within whole
city
It can be seen in
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Table 12 that the Rvalues obtained for the boundary weighting testsHe whole of Cardiff

ranged from 0.17 to 0.37. This result was not aiB@ant improvement on global integration
value calculated for the whole of the city when fhaary weightings were not included.
Negative results were obtained for tests 2 and $hase were too many links through

connections and levels.

Correlation co-efficient results ranged from 0.270.757 with tests 1 and 3-8 demonstrating
a strong, positive correlation. The order of resulsing SRCC varied from the order of R
results which is likely to be due to the data bewog normally distributed in this test which
can affect the regression analysis results. Whasidering the SRCC results, tests 7, 4 and 1

demonstrated an improved correlation comparedd@lbbal integration results.

It is anticipated that weighting designated keyteswithin the road network using the road

weighting facility may improve correlations.

5.4.2 Road weighting

The methodology describing road weighting can hmdbin Section 4.4.2. These tests were
applied to the city wide data only. Tests were utadken using global integration values with
no weighting as well as a selection of potentiakyplicable boundary weighted results
presented above in order to determine the indivieffiectiveness of the weighting technique,
and the overall aggregated improvement when cordbmth boundary weighting. Data for

148 count locations was available from across ityeftom loop detectors, automatic traffic

count tubes and manual counts. Figure 48 belovstitites the range of roads in each
classification that was used within the weightigeups. The road weighting figures that

were applied to the different road classificatioas be seen in Table 13.
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Minor route Built up Principal  Non built up Principal Motorway
route route

Number of roads within classification

Figure 48 -Graph illustrating the number of roads within ealdssification within the

sample

Table 13 -Road weighting factors applied for tests

Weighting Values Applied for each Road
Road type
Weighting Test
1 2 3
Motorway 4 5 3
Non built up Principal route >30mph 3 3 2
Built up Principal route < 30mph 2 2 15
Minor routes 1 1 1

The results of applying different road weightingttas to different integration maps of Cardiff
can be seen in Table 14. The results where noweaghting was applied ranged fronf R
value of 0.06 using only global integration valte$.37 where the boundary weighting using

core and county roads was applied. SRCC also inggrsignificantly from 0.33 with no road
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or boundary weighting to 0.72 (strong, positiveretation when boundary weightings were
associated with M, A and B roads).

The integration values for all tests where roadgivieng was incorporated were significantly
improved and ranged between ahdR0.6 — 0.72. The largest improvement was seegrev
road weighting test 2 was applied using globalgragon values with no boundary weighting,
which improved the Rvalue from 0.06 to 0.69. The best overall coriefatvas found when
road weighting test 2 was applied using the intiagnavalues calculated when boundary
weightings based on County and Core road classiitawhere an increase of Rom 0.37

to 0.72 was seen.

Table 14 -Table illustrating the results of road weightingtseusing different integration

values for Cardiff

Road Road Road
. No road - - -
Integration value L weighting test weighting test weighting test
weighting
1 2 3
Corr. Corr. Corr. Corr.
R? R? R? R?
co-eff co-eff co-eff co-eff
Global integration with no
A 0.06 0.33 0.63 0.82 0.69 0.82 0.68 0.82

boundary weighting

Integration values
calculated from boundary
B weighting using County 0.37 0.60 0.7 0.85 0.72 0.85 0.68 0.86
and Core roads (test 5 in

table 12)

Integration values

calculated from boundary

C | weighting based on M, A | 0.32 0.72 0.68 0.82 0.68 0.82 0.6 0.83

and B roads (test 6 in
table 12)

Integration values

calculated from boundary
D o 0.17 0.53 0.66 0.82 0.70 0.83 0.70 0.83
weightings based on M,

BU and NBU road
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weightings (test 12 in
table 12).

The R results were fully supported by correlation cdeiit calculations demonstrating a
strong, positive correlation for all road weightitegts. These results indicate that when using
road weightings the correlation between spatiallygma calculations and average hourly
traffic flow are significantly improved. This analg was further tested on other cities/regions.
As road weighting test 2 had the highe$tvRues throughout the above analysis, the test 2
road ratings (Table 14) were applied in the testgHe additional cities, namely a weighting
of 5 for motorways, 3 for non-built up roads, 2 built-up roads and no weighting for minor

roads.

5.5  Test preferred weighting methods on other cit&regions

The above analysis indicated that road weighted tesulted in a significant improvement in
correlation between integration values and motdfitrflow data. Boundary weighted results
showed some minor potential for improving modelfgenance whilst being applicable to
other study areas, whilst radius integration praedak largely ineffective at improving model
performance. As such, the preferred methodolodissanl weighting and boundary weighting
have been carried forward to other sample citytmegjiof Leicester, Leeds and Neath Port
Talbot County Borough (NPTCB). The axial maps facle of these cities are presented in

Appendix 1.

Figure 49illustrates the classification of roads used witthie analysis. This indicates that
there were limitations with the range of data ala# for each sample area, however, this did

typically represent the level of data that wouldmally be available within a local authority
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area and therefore representative of the conditaetisn which the model would be expected

to operate.

70

60

50

40 E minor
E huilt up
1 not builtup
B motorway

N

Leicester Leeds MPTCBC Cardiff

Figure 49 -Classification of roads from cities/regions whereton traffic counts have been

obtained

The tests run for each of the three additional@tyons included:

(i) global integration with no boundary weighting;

(i) global integration with road weightings but no bdary weightings;

(i) global integration with both boundary weighting (B/A/B locations) and road
weightings (test C in Table 14);

(iv) global integration with both boundary weighting &4al lines) and road weightings (test

D in Table 14).

In each of the tests for the additional samplesitegions, road weightings were applied to
M, NBU and BU roads as this demonstrated the gseatgrovement from no road weightings
in the test for Cardiff (test D, Table 14). Theuksfor the additional city/regions can be seen
in Table 15 which illustrates that all tests sigraifitly improve both the Rand correlation co-

efficient when compared to the global integratiafue with no weighting.
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Table 15 -Table illustrating the results from different roaod boundary weighting tests

B C D
A Global integration : :
City/ Global with road Boundary weighted Eoundary weighted
reqion intearation value weighting — no integration values integration values
9 gration ve ghting (MIA/B) with road | (% axial lines) with
~ no weighting boundary weightin road weightin
weighting ghting ghting
Correlati Correlati Correlati Correlati
R? on co- R? on co- R? on co- R? on co-
efficient efficient efficient efficient
Cardiff 0.06 0.33 0.69 0.82 0.68 0.82 0.70 0.83
Leicester 0.02 0.16 0.39 0.61 0.22 0.57 0.38 0.61
Leeds 0.01 0.07 0.50 0.44 0.48 0.44 0.48 0.44
NPTCB 0.22 0.53 0.82 0.70 0.86 0.78 0.82 0.70

Results for Cardiff, Leeds and NPTCB indicate tihare was little additional improvement
between results generated using road weighting anly those generated using a combination
of road weighting and boundary weighting. For Lstee tests B and D provide very similar
correlation results but the test for using weightallies on M/A and B roads is not as strong.
This may be explained by the higher proportion afton traffic flow data obtained from

motorways for Leicester as illustrated in Figure 49

Results of the assessment of weighting methodsatelihat boundary weighting did improve
model performance when isolated areas within alaagial map were considered. However,
boundary weighting did not have a significant intpac the correlation between integration
values calculated by the model and measured avdragdy traffic flow figures at a

city/region scale where no data outside of the bityindary could be utilised (i.e. it is
considered as an isolated area). However, whers rvade weighted according to national
classifications to allow for increased motor traffiows proportional to the classification of

the road, correlations between the integrationesland real motor traffic flow figures are
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significantly improved across a range of citiestsag with varying road networks and data
availability. As such, the application of road waiggs to global integration values without
incorporating boundary weightings (Test B, Tabl¢ wduld be the recommended method to
predict motor traffic flow from the spatial analysnodel as correlation values calculated are
most consistent. The additional data gatheringrandelling effort required to also include
boundary weighting yielded little additional benefn terms of further improvement in
correlation. The removal of the need to implemenmtirtnlary weightings reduces the data

collection and time resource required by the ersat abthe model.

5.6 Summary

The results described above demonstrate the uaespétial analysis model as a means of
representing an extensive urban transport netwiruse of basic global integration methods
within the model was not sufficient to accuratedjlect the correlation between modelled
integration values and measured motor traffic flolsom the weighting methods
investigated, road weighting was found to be thestmeffective at improving model
performance at a city wide / regional scale. The o$ boundary weighting did not
significantly improve model performance at thislecowever, is likely to be applicable in
circumstances where a distinct area within a laagel map is being considered, as illustrated
with the urban case study. In this circumstanas,likely that data from the surrounding area
would be available and therefore implementing bawpdveighting would not involve
significant additional effort. The model, which Imsed within a widely available GIS
platform, has been shown to produce an outputtiraglates well with measured motor traffic
flow data, which, in the majority of cases is athgdeing collected by local authorities at a
level that is sufficient to utilise within the mddés such, it is considered that the initial

objectives of the model have been achieved.
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Chapter 6: Demonstration of the spatial analysis mael for
aggregated cycle flow and motor traffic flow
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6.1 Introduction

This chapter describes the process involved in dstnating how the spatial analysis model
could be used to quantify cyclist flow rates togettvith the procedure used to investigate
whether the model could quantify how changes totthasport infrastructure influences

relative flows of motor traffic and cyclists.

6.2 Demonstration of the spatial analysis model farelative cycle flows

Axial maps describing cycle infrastructure inclugliavailable roads, off road tracks and
access through green spaces for three cycle aabeaties have been created to demonstrate

that spatial analysis techniques could be apptierytle networks at a city/ region scale.

The cycle axial maps were initially created for oraraffic (as described in Section 3.2.3)
and then modified to represent additional connégtfer cyclists. Modifications to the motor
traffic maps were made to incorporate all additigmassible routes available to cyclists.
Modifications to each map included the removal aitonways (illegal access for cyclists),
linking up dead ends to motor traffic where cy@esable to pass through (but are inaccessible
to cars), inclusion of motor traffic free streeadff,road cycle paths and routes crossing green
spaces. Cycle maps for Bristol, Cardiff and Yorkevesed to ensure that the axial maps were
presented as accurately as possible. The initiel amap was colour coded to represent
different cycle provision in each of the cities ahd number of axial lines in the motor traffic

and cycle maps were compared to evaluate the addithetwork available to cyclists.

Figure 50 illustrates case study 1 — urban areat@@aand Pontcanna) which is located in

Cardiff. This provides some examples of points whaynnections are available for cyclists
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but not available for motor traffic. Modificatiossich as these were made to the motor traffic
map across the entire axial map. This demonstrditadit is possible to represent cycle

connectivity using spatial analysis techniques.ti@pategration was then run in the same

way as for motor traffic flow.

Figure 50 -Case study 1 - urban area. Example of connectizeitable to cyclists that are

inaccessible to motor traffic

Characteristics of the cycle network in the casdystl — urban area were then obtained from
the Cardiff County Council cycling and walking mepinvestigate the potential to ‘weight’

routes with cycle facilities (Cardiff County Couh@013). No off-road routes were located
within the area and segregated on-road routes marandicated on the map, although both

sign-posted cycle routes and advisory routes wesgayed. To demonstrate the ability to
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weight cycle routes both sign-posted cycle rouéesl advisory routes were given a weak
weighting of 2, assuming that these routes wersidened slightly more attractive to cyclists
than a typical on-road route. Integration was m-including these weighting factors for

cyclists. The results are presented in Chapter 7.

6.3  Application of spatial analysis model to demoriate modifications to motor

traffic and cyclist infrastructure

In order to demonstrate how the results of the ame$e could be used to investigate
interrelationships between the road network andiroyctests were run to illustrate how the
spatial analysis map can be used to representbect of:

1. The closure of a road to motor traffic on relatike#fic flow in the surrounding area and
the associated positive weighting of the same foadycle traffic due to an increase in
attractiveness due to no motor traffic being pregsen

2. The linking of two non-linked spaces for cyclistsricrease accessibility and connectivity

in a space.

Case study 1 — urban area was used to demonstegp@tential for the spatial analysis model
to investigate the impact of infrastructure chargs$ to the motor traffic and cycle network.
Spatial integration calculations were used to destrate the change in relative flow on
different routes when a change is made to the m&tiaypreducing the availability of the road
network to cars - blocking a road off to motor fiaf and increasing weighting for cyclists
due to a lack of motor traffic on the same routeréasing connectivity for cyclists by adding

in additional routes was also investigated.

The creation of the test axial map and investigatere undertaken in a number of stages:
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1 The road map for the case study 1 — ‘urban aves’initialised and integration values

were calculated (as described in Section 3.2.3);

2 Any motorways, non-built up roads, built up regds described in Section 4.4.1.1)
were weighted using the most successful methoddimggnotor traffic as described
in Section 4.5. Only built up (M, A or B) roads wdpbcated within the case study 1
area due to its urban situation, these are illtedran Figure 51. A weighting factor of
2 was used to weight these. Spatial integration neas with the weighting factors

included.

Figure 51 -Case study 1 - urban area. Built up roads to bghted are highlighted

3 A road currently accessible to motor traffic washoved from the motor traffic axial
map to represent closure of the road to motoritrafihe road removed is illustrated
on Figure 52. Spatial integration was re-run fer thotor traffic axial map to illustrate
the impact on integration values.

4 The axial map representing the cycle network, whigliudes modifications made
according to accessibility for cyclists, was ifisad and spatial integration was run to

produce global integration calculations for eacialdine.
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A" ~ Original axial map
AT\ = [raffic route
/ ‘ removed
Additional cycle
routes added

Figure 52 -Case study 1 - urban area. Motor traffic accessdulee to be removed and cyclist

routes to be added

5 a) weightings were added to the axial lines forrttwtor traffic route that was taken out
from the motor traffic map (highlighted in greerFigure 52) within the cycle map. The
assumption is that by having no motor traffic pagsalong it, it will become more
favourable to cyclists (Wardman, 2007) (as preskmtéection 2.8).

b) additional routes available to cyclists wereoiporated to provide a more connected

network. The additional routes are highlightednange in Figure 52 and were identified

as potential locations to open up the cycle netwwdviding more connected routes.

Minor modifications to infrastructure within the tasrk to allow these connectivity

changes to take place include:

* Allowing longer opening times to urban parks throogt the year to allow
commuters to pass through between extended wohadngs particularly during the

winter period. Strategically located lighting woukbluce security issues;

» Utilising rear lane access, particularly commordénse urban areas, by providing

cycle friendly gateways from these lanes to adjageads that are currently
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inaccessible. Figure 53 indicates that by remowangmall fence and providing a
footpath between adjacent streets, connectivity mamncreased. The orange line

indicates the new connection between two previoustonnected roads.

* Allow restricted movement across public owned propesuch as schools and

hospital to increase connectivity.

Figure 53 -Urban location demonstrating potential for increbsennectivity for cyclists

Visual comparisons were made between the axial mapescribed above to highlight the

impact that the modifications have on the relatives patterns predicted by the model.
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6.4 Summary

Axial maps describing cycle infrastructure inclugliavailable roads, off road tracks and
access through green spaces have been creatbde®icase study cities have been created to
demonstrate that spatial analysis techniques casdxto represent connectivity on an urban
scale. A method of weighting has been tested usolg facility data from the local authority.
Tests have been run to illustrate how spatial @malyan be used to represent the impact of
road closures to motor traffic on cyclists and ioying connectivity for cyclists by linking

non-linked spaces.
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Chapter 7: Results from the demonstration of the satial analysis
model for aggregated cycle flow and motor traffic iow
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7.1 Introduction

This chapter demonstrates that the spatial analysidel techniques developed can, in
principle, be used to represent relative cycle floacross urban areas using the process
described in Chapter 6. Results from the implentemtaf spatial analysis of relative flow of
cyclists are presented as a series of axial maps.ifmpact of improved accessibility for
cyclists and reduced accessibility for motorises jiresented to demonstrate the potential of

the model to illustrate change in flow of cycleffiarelative to motor traffic.

7.2 Results from the demonstration of the spatialrealysis model of relative cycle

flow

Axial maps of the cycle networks within the thrages used for the cycle analysis were
created — Figure 54 — Cardiff, Figure 55 — Brigtotl Figure 56 — York. These figures also
illustrate individual local authority classificatioof cycle routes which are represented by
different coloured axial lines, presented in theoagated keys. Each map was created initially
for motor traffic and then modified to represenmnectivity for cyclists. Examples of

modifications to each map included the removal otarways, linking up routes that were

dead ends to vehicular traffic but where cyclesenadsle to pass through, incorporating off

road cycle paths and routes crossing green spaces.

The number of axial lines within the motor trafind cycling axial maps for the three cities
used for the cycle studies are shown in Table I6s indicates that the cycling network
includes 30% more axial lines within the axial nfi@peach city compared to the motor traffic
network demonstrating the additional level of carinity that cyclists could, in theory,

utilise. It also serves to illustrate the additiomadelling effort that is required to map cycling
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networks, or to modify existing models to accomntedaycling all potential cycling routes.

Axial maps with integration values illustrated daseen in Appendix 2.

Table 16 -lllustration of the range of axial lines in the miotraffic and cycling axial maps

created
: Axial lines in Axial lines in _ _
City . : Difference % increase
motor traffic map cycling map
Cardiff 7,731 9,882 2,151 28
Bristol 6,961 9,306 2,345 33
York 5,378 7,092 1,714 32
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Cardiff cycling map key

Traffic free path

Advisory route

Main road route

Pedestrian area (walk bike)

Signposted route with cycle path

Off road available connections

No formal cycle classification

Figure 54 -Cycle axial map for Cardiff including cycle faciés
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Bristol cycling map key

Dedicated cycle path

Advisory route

Off road available connections

Signposted route

No formal cycle classification

Figure 55 -Cycle axial map for Bristol including cycle faciét
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Figure 56 -Cycle axial map for York including cycle facilities

York cycling map key

Traffic free path

On road, signed cycle route

Pedestrian area (walk bike)

Off road available connections

Traffic calmed streets

No formal cycle classification
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In order to produce an output that is potentialbeful for identifying routes that are more
likely to be used by cyclists, the most successtighting methodology from the motor traffic
modelling work, as presented in Chapter 5, wasiegpb cycle routes. In the same way as
road weightings were applied, a hierarchy of cyol&es, as discussed in Section 2.7, could

be applied as a means of weighting routes thahare favoured by cyclists (Wardman, 2007):

segregated off-road;

segregated on-road;

non-segregated on-road;

roads with no facilities;

The basic global integration map for the case sfudyrban area (Canton and Pontcanna) for
average hourly motor traffic flow when isolatedrfrohe city wide map is illustrated in Figure
57. This illustrates that as expected, that thetnmbsgrated roads were located towards the
centre of the map with the outlying, less integilateads towards the edge, as roads were not

connected across the boundary and were therefoi@nbigured to any other lines.

Legend @
URBtraffASIS
Spatial Integration

1.45t0 1.82 (19)

- 13 o145 (41)
12 to13 (59)

1131012 (35)
107 10 1.13 (41}
10310 1.07 (39)
0.9910 1.03 (23)
0.93 to 0.99 (20}
0.33 10 0.93 (39)
0.55 to 0.83 (33)

Figure 57 -Case study 1 — urban area motor traffic flow glabtdgration
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To demonstrate the potential to include route wingis to assist with predicting cycle flows
for every route within a network, weightings wepgpked to the case study 1 — urban area
cycle network integration map. Both signposted eyoutes and advisory routes have been
given a weighting of 2 based on the assumption ttiege routes were considered as ‘non-
segregated on-road’ based on the hierarchy prekeafteve and were more attractive to
cyclists than a route with no features. Integrati@s re-run for the cycling axial map using

these weighting factors, the results of which @@ in Figure 58.

URBGycintegF
Spatial Integration (weighted)
24910345 (25)
18 o249 (22)
1341018 (43)
121101.34 (62)
— 11410121 @)
10810 1.14 (33)
~ 1.0210 1.08 (53)
0.84101.02 (21)
—— 08510 0.94 (40)
06810 0.85 (29)

Figure 58 -Case study 1 — urban area cycle network globagrateon with route

weightings applied

Figure 58 demonstrates that space analysis mogleiin be used to represent an urban cycle
network and that weighting methodologies that werecessful with regard to motor traffic
flows can also be applied to potentially repregaeterential cycle flows along key routes.
The model therefore provides the potential to itigese the effectiveness of cycle network
provisions which would shift routes up the cycletehierarchy on a city wide or sub-area

basis with relatively little time and resource ihpu
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Unfortunately, data relating to cyclist flow ratess not collected by the local authorities
involved in the study, and the expense and timeired to gather such data meant that its
collection was outside the scope of this thesi® ddilection of reliable and accurate cyclist
flow data is difficult to achieve (as discussedSection 2.12). Without such data it is not
possible to validate the cycle model in the samg that the motor traffic model has been

validated.

7.3  Results from the application of the spatial argsis model to demonstrate

modifications to motor traffic and cyclist infrastr ucture

This section of the thesis demonstrates the paildoti spatial analysis modelling to represent
the impact of infrastructure changes both to theomtraffic and cycle network and how
changes to one network can impact on accessikalitgt,therefore flow rates, within the other
network. Case study 1 — urban area (Canton and&amd) has been used to demonstrate how

alterations to infrastructure can influence rekatiows on surrounding roads/routes.

By adding or removing connections within an axiagpn changes in relative flow in
surrounding areas were investigated. Results vegnesented by changes to the integration
values of surrounding axial lines. This enabled itineestigation of allowing or denying
vehicular access on particular routes, where spaamsbe connected or disconnected by

simply adding or removing lines within the axialpna

The basic global integration map for the case studyrban area for average hourly motor
traffic flow when isolated from the city wide mapillustrated in Figure 57. Figure 59 shows
the global integration using the road weightingmoetdescribed in Section 5.5. This indicates

that built-up and non-built-up roads within the eéatudy area were now considered more
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integrated than minor roads. As previously presené&rong, positive correlations between
average hourly motor traffic flow and road weightetkgration values have been confirmed

for motor traffic.

Legend @

URBbasetraff
Spatial Integration (weighted)

24710319 (19)
16410247 (17)
13210164 (38)
1.2 t01.32 (59)
1121012 (39)
1.08t01.12 (39)
0.99t01.08 (51)
0.92t0 0.99 (23)
0.83t0 0.92 (32)
0.55t0 0.83 (32)

Figure 59 -Case study 1 — urban area motor traffic flow globgedgration with road

weightings

Location of removed
route to traffic

Figure 60- Case study 1 — urban area motor traffic flowbgldntegration with selected road
removed to demonstrate the change in relative f@terns as a result of motor traffic

infrastructure changes
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As presented in Section 6.2, it is possible to fweuthe modification of the motor traffic
network such that vehicle access is denied alopgegiously available route simply by
removing the appropriate axial lines from the awialp. Figure 60 presents a revised weighted
integration map for the case study area with orit bp road removed from the axial map
(comprising three axial lines). It can be seenthatelative integration value of the straighter
east to west route to the north of the removedertngether with roads adjacent to that route
become relatively more integrated compared to ther@xial lines (indicated as red or orange
in the axial map) and therefore based on the egulChapter 5 are likely to have increased

levels of motor traffic flow as a result of the doelosure.

The integration map for cycling for the same cdsdysarea is presented in Figure 61 when
treated in isolation. An additional 40 axial linesre included within this axial map compared
to the motor traffic map, reflecting routes thae available to cyclists but which are

unavailable to motor traffic.

Figure 61 -Case study 1 — urban area cycle network globagiaten

As with Figure 57, the more integrated routes aoated around the centre of the map with

less integrated routes around the periphery.
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Spatial analysis was rerun on the cycling map waitleighting factor of 5 being applied to
the route that has had motor traffic removed agatdd in Figure 60 in order to assess the
impact that this road closure might have on cylde/$ (Figure 62). This demonstrates that

there would be a significant shift in cycle flovesthe motor traffic free route.

_ A R

~

5 ﬁ\«x
((\

Aoy
\\

Figure 62 -Case study 1 — urban area cycle network globagrateon with weighting factor

applied to motor traffic free route

Further investigations were undertaken to simullagecreation of additional cycle network

infrastructure. Additional cycle routes were inammgted into the axial map by adding new
axial lines, the effect of which was to increase tlonnectivity of spaces for cyclists. The
locations of these additional routes are indicateéfigure 52 (Section 6.2). The resulting

integration map is presented in Figure 63. This mdfrates the shift in cycle movements as
a result of the improved connectivity with a slighift of the centre (or the most connected
area) of the integration map, and as a result aggha the relative integration values of the

routes adjacent to the new routes.
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Legend =]

urbcycextra

Spatial Integration
15210181 (18)
1.3610 1.52 (43)
12810 1.36 (65)
12110 1.26 (28)
11410121 (43)
10810 1.14 (39)
1.03 10 1.08 (47)
0.95t0 1.03 (22)
0.85 10 0.95 (42)
08910 0.86 (29)

Figure 63 -Case study 1 — urban area cycle network includdtfit@nal routes (global

integration with route weightings)

7.4 Summary

The axial maps for the cycle network are presefaedach of the three cities. The weighting
methodology from modelling motor traffic was appli® routes likely to be more favourable
to cyclists. As discussed previously, the resutisnfthe work illustrated above could not be
validated as detailed cyclist data was not avalabl correlate with integration figures
calculated. The model was also used to demongimatemodifications to motor traffic and
cyclist infrastructure could be represented, byytenvehicle access and increasing weighting
factors for cyclists along the same route. Theaetedemonstrates that the spatial analysis
techniques developed and applied can be used do@emutput that would potential be useful

when modifying urban infrastructure to attempt toyide more connected routes for cyclists.
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Chapter 8: Collection and analysis of individual cglist movement
and behavioural data
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8.1 Introduction

Previously in this thesis spatial analysis mapgeahniques have been applied to find out
whether the model could be used to predict aggeegatrneys of motor traffic and cyclist
traffic. This chapter takes an individual cyclisisied approach to identify whether cyclists use
the most direct/connected route available, as predliby the spatial model, or whether the
preference is to deviate to use routes with cydiagities or other favourable characteristics,
even if they have to increase the length of thairney. Two approaches have been taken to
investigate individual cyclist behaviour, spatinbfysis modelling and the administration and

analysis of a questionnaire.

8.2  Spatial analysis modelling to predict individucyclist routes

Spatial analysis procedures have been developpktiict the most direct journey from one
individual location to another (as part of the Flinded project (Section 3.2.1)). This allows
the most direct route that can be taken to traeshfone location to another i.e. the route that
requires the fewest changes in direction direattynf one specific point to another, to be
predicted. Comparisons were made between the gotwaley taken from home to work as
indicated by respondents on a local map includeéklinva questionnaire (Appendix 3) and the
model predicted most direct journey. The route dokwvas selected for analysis as the journey
is generally routinely made, carefully planned aives relatively short distances travelled by
a generally physically able population group antherefore an ideal focus for modal shift

from the car to bicycle. This has been discussettail in Section 2.7.

The analysis was intended to investigate whethersty do take the most direct route to work

regardless of facilities available or problems emtered on route. Where the route taken
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deviates from the most direct route, further inigedions were made from the map and from
the responses to the questionnaire to identify winatie characteristics were likely to deter
from or attract to the most direct route. If a sfyoelationship can be identified between the
predicted routes and actual routes as indicateclyblysts, routes typically taken by cyclists

on their journey to work can be identified whicHhaid the channelling of resources to routes
favoured by cyclists. Attractors or deterrents taen be considered when designing new

routes within a city or to improve existing routes.

Within the questionnaire administered in the thai@es involved in the cycle study (presented
in Appendix 3, discussed in section 8.3), respotxierre asked to draw onto a map the usual
route taken from home to work as accurately asipl@sssing a coloured pen. For each of the
three cities, 100 questionnaires (n=300) were ramygselected using a computer based
random number generator. For each of these, thalactute to work was mapped into GIS

Maplnfo using the base cycling axial map as desdrih section 3.2.3.

The spatial analysis mapping software was then tespeedict the most direct route that could
be taken from each individual starting point - orighome) to the end point — destination
(workplace). Information for each of the 300 repdrtoutes was then recorded to enhance
analysis, including:

e guestionnaire code;

» whether the cyclist perceived that they took thertst route;

* whether they cycled every day, frequently or ocmaasily;

« the total distance for predicted and actual routes;

» the length of route where actual and predictede®ate the same;

« the percentage of the separate predicted and gotuakys that take place on:

. off road route cycle facility;
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. on road cycle facility;
. traffic calmed, advisory routes;
. roads with no facilities;

» the proportion of the journey where the routestiaeesame.

A visual comparison and basic quantitative analy&is then made between the actual route

taken by a cyclist, as drawn within the questiorejaand the most direct route predicted by

the model. The model identified the route thathis path of least complexity. This enabled

identification of:

» whether cyclists actually do take the most direate to work (with the fewest changes of
direction);

* whether they perceive that they take the shorteger

* how much they deviate from the most direct route;

« ifthey do deviate significantly from the most direoute, whether they choose to cycle on
a route that has better cycling facilities/less onataffic/other characteristics? Does the

route choice correspond to the conscious questianresponse?

8.3  Collection and analysis of individual cyclist bhavioural data

This element of the investigation involved the @ngpion and distribution of a questionnaire
and analysis of results to investigate the infleeat cyclist behaviour on route choice, the
decisions behind undertaking a journey to work toydle, the frequency and occasions that
a bicycle is used and the reasons for choosingdbte taken. The aim was to identify

commonalities in behaviour across cities with rdger the extent to which journeys are
undertaken by bicycle and the factors behind thacehof mode and route taken. A better
understanding of these factors will influence therall positioning of cycling infrastructure

within cities and can be utilised with the modelidata obtained from previous work.
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The questionnaire was also used to establish ‘Acty@e journeys to identify routes that are
being used by cyclists (as described in Sectiop formation regarding the extent to which
journeys were undertaken, by cycle or other mobggeople who do cycle to work at least
occasionally, and the factors behind the choicenotle were collated. Other information
collected included purpose of trip, location ofrstand finish points, distance travelled, route
adopted, means of transport, the time at whicrag made and the frequency in which it was

carried out.

8.3.1 Sample identification and questionnaire distbution

As the study aimed to question people who do dycleork, a methodology was required to
target this population group. A number of differarays in which the questionnaire could be
promoted and distributed were considered includamticles in local press and cycle

newsletters requesting a response, distributiohamd at the place of work and distribution
by post to all households within selected areasach of the cities. It was decided that the
most effective way to distribute the questionnawess at the workplace and to question
cyclists only, whether they cycle every day orw tlays a year. In order for non-cyclist data
to be of value, the degree of potential modal shduld have to be analysed which would

require additional questions and detailed analgsid would change the emphasis of the

research of this thesis.

The study aimed to obtain information from thoseoviiave some experience of cycling to
work in order to gain an objective assessment oliray facilities and issues associated with
cycling. By only including cyclists within the sway, analysis focused on the characteristics

that deter occasional cyclists from cycling morenf and also identify possible variations in
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route choice between occasional cyclists compavetidre frequent cyclists. This method
directly targets those who are in employment ratihe@n the general population, which

removes the expense of postage to those who doyolet and/or do not cycle to work.

In each of the case study cities a number of osgdinins who had set up either a Bicycle User
Group (BUG), a Green Travel Plan or were knownd@@lobmoting cycling in the workplace
were identified. A list of these potential partiaij organisations was collated and approached
by telephone and letter to request involvemertiénstudy. Other general cycling groups were
also approached including members of the ‘Green r@oter club’ in Bristol who were
involved in developing personal travel plans. Disttion was not limited to these
organisations, and ‘word of mouth’ between cycliigther increased the sample. The
guestionnaire included a space for respondent cbmtetails to be collected to enable

identification of source and end point of journegluding telephone number and address.

Representatives from each potential participanamisgation were contacted via telephone to
confirm whether the organisation agreed to takegat to identify the name of an appropriate
person to send information. On confirmation of suppa letter documenting how the
organisation could help together with a posterrtote the questionnaire to colleagues and
members of the public who may visit the organisati@s sent. Recommendations included
that, where possible, an e-mail address should dm¢ ® colleagues to publicise the
guestionnaire giving instructions on where a copyld be obtained. It was suggested that
guestionnaires and a poster be left where peopigregate or pass through every day, such
as reception desk or canteen. Placing the questi@sin a bicycle storage facility was also

recommended if secure and waterproof.
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The questionnaires were distributed by hand to eawhpany representative and other
individuals during National Bike Week. At this tinpeiblicity on the benefits of cycling was
in high profile in the national press and it wasoalvhen people who were occasional cyclists
were more likely to be using their bicycles to getwork during the summer months.
Additional questionnaires were provided on reqéresh individuals/organisations during the
summer period. Questionnaires were either collelotetthe representative for each company
and returned together, or were returned indiviguiayl the respondent by post to a freepost

address.

8.3.2 Questionnaire Design and Collation

The questionnaire was developed from a review@fipus questionnaire surveys (Tolley and
Turton, 1995, Hopkinson and Wardman, 1996; Gardt@98; Ortuzar, 2000) together with

previous experience of questionnaire design (Hgusimd Neighbour and Health research
project funded by the MRC, Thomas H et al, 200Te Guestionnaire was piloted on WSA
students and staff. Questionnaires distributechohecity were printed on A3 folded booklet
format and were printed on different coloured papexssist with data collation and entry and
all questionnaires were coded on receipt. The a#tfinistered eight page questionnaire
comprised of an explanation of the survey togethign 24 main questions covering the

subjects of:

« cyclist characteristics;

» frequency of cycling;

» distance travelled;

* route choice;

» factors that attract/deter people to cycle;
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* alocal OS map for the respondent to draw onahgerof their journey to work together
with a request to identify locations where cycligi$ were accident ‘hotspots’.
A prize of a ‘Selle Royal' gel saddle was providegl Dawes Cycles as an incentive to

complete the questionnaire. A copy of the quesamerncan be found in Appendix 3.

For many of the questions a four point likert saabes used, for example, respondents were
asked whether certain factors deter them from rgch great extent’, ‘moderate’ ‘very little’

or ‘not at all'. For other questions, pre-specifeategories were provided and more than one
response could be selected together with an opegary box for additional responses not

included within the pre-specified list.

8.3.3 Data entry and analysis

Questionnaire responses were entered into a MS Eatile. Different worksheets were used
for questionnaires returned from Cardiff, BristoldaYork. Data was aggregated to enable
combined results to be analysed as well as to aloalysis on individual cities. Each
questionnaire was coded depending on source city:

» Bristol (green paper) — 1000 to 1999;

» Cardiff (gold paper) — 2000 to 2999;

e York (blue paper) — 3000 to 3999.

Where data was missing a dummy code of —999 waks Ugleere data was incorrectly entered
such as two boxes being ticked where there shauido® one -888 was be used. An A3 map
of the relevant city was included within the cerdfghe questionnaire, reproduced with the
permission of the Ordnance Survey. This enabledréspondent to mark their journey to

work. A box for the respondents name, address,l@ndiemployer was included on the back
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of the questionnaire. Respondents were asked liedi@this information if they did not mind
being asked further questions if necessary, ¢y tvould like to enter the prize draw to win
a new saddle. Instructions for completion of guestaire were included. Data was analysed
using SPSS version 11. Descriptive statistics weesl to describe the characteristics of the
respondents including characteristics of the sanapl@ the route they take, perceptions
towards cycling and description of the journey torkv The results from the questionnaire
were analysed:

e as atotal sample;

e on an individual city basis — for Bristol, Card#hd York;

» onthe basis of cycle journey frequency — every-daycle everyday of the year, frequent

— cycle a few days a week, occasional — cycle anweek or less.

Further analysis was undertaken using Categoriegiéssion Analysis (CATREG) to identify
the dominant characteristics in the decision toeutadke a journey by cycle. This statistical
analysis technique, developed at the Leiden Uniyefleulmen, 1998), is used to identify
the relative contribution of multiple variables mgibinary variables. The analysis does not
require numerical variables but can accommodatarpioutcome (yes/no) variables, which
were the format of some of the responses in thetmumnaire, and can work with relatively
small sample sizes and mixtures of data typesanhéysis was undertaken using a version of

CATREG available within SPSS for Windows version 11

The dependent variable used was the ‘frequencgsiflaation. Three groups of cyclists were
identified according to how often they cycle to Waas reported in the questionnaire; (i) every
day - cycle everyday of the year; (ii) frequentyele a few days a week; (iii) occasional —
cycle once a week or less. These three groupsamalgsed to assess whether each group was

influenced by different factors. These classifica were based on McClintock’s (2002)
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suggestion that there are three basic categoriegctift: the fast commuter who will tend to
ride on roads, the utility cyclist and the vulndeatnd less confident cyclist.

The results from this analysis were used to idgriei€tors that would maintain the levels of
cycling by those in the everyday group, and to erage those in the frequent or occasional
groups to cycle more often. 65 questions from thestjonnaire were able to be used as
independent variables in the analysis. These questivere selected as they describe the
characteristics of the cyclist or journey that nreluence the frequency of cycling. These are

presented in Table 10.

Table 10-Responses used in CATREG analysis

Independent variables

Age

average journey time

better facilities at work - encourage cycle more

bike theft — risk

business travel - extent deters cycling

condition of cycle route — risk

condition of road surface- risk

conflict with pedestrians — risk

contact with nature - decision to cycle

cost saving - decision to cycle

danger from traffic - deter from cycling

dark mornings/evenings - extent deters cycling
decrease in road congestion - encourage cycle more
difficult junctions — risk

distance from door to door

Do you take the shortest route

encouragement from employer - decision to cycle
environmental benefit - decision to cycle

health/fitness - decision to cycle

hills - deter from cycling

How dangerous are cars/vans when you cycle to work
How dangerous are motor cycles when you cycle to work
How dangerous are other cyclists when you cycle to work
How dangerous are pedestrians when you cycle to work

How dangerous is public transport when you cycle to work
illness from pollution — risk

inflexible working hours - deter from cycling
influence of cycle lane provision

influence of exposure to traffic

influence of gradient

journey length - deter from cycling

lack of dedicated cycle lanes - deter from cycling
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more expensive parking - encourage cycle more
more expensive fuel - encourage cycle more
motor traffic — risk

multipurpose trip - extent deters cycling

need to carry bag/equip - deter from cycling
need to carry bag/equipment - extent deters cycling
need to combine journeys - deter from cycling
need to dress formally - deter from cycling

night time lighting on off road cycle routes- risk
night time lighting on roads- risk

no alternative - decision to cycle

other cyclists — risk

other mode journey time

parked cars — risk

personal attack- risk

personal safety - deter from cycling

poor physical fithess - deter from cycling

rating of public transport

relaxing experience - decision to cycle

road pricing - encourage cycle more

safer on/off road - encourage cycle more

sense of independence - decision to cycle

Sex

shorter route - decision to cycle

support from employer - deter from cycling

time cycling on busy road with no cycling provision
time cycling on cycle/bus lane on busy road

time cycling on cycle/pedestrian route (no motor motor
traffic)
time cycling on quiet road

time saving - decision to cycle

varied route - decision to cycle

weather - deter from cycling

weather conditions - extent deters cycling

Dependent Variable: Frequency of cycling during winter
and summer

CATREG was used to identify the difference betweanh group rather than the absolute
characteristics that act as a positive or negdtieeor for all cyclists which were analysed
within the descriptive statistics. The most dominelmaracteristics of a cycle journey were
identified for each group, highlighting the chagaidtics that could be modified in an attempt
to encourage greater cycling frequency. Categoragession analysis was used to identify
factors within different cyclist groups in the d&on to cycle from the various characteristics

presented. These are likely to vary between grdupso the variations in attitude to cycling.
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8.4 Summary

Techniques for utilising spatial analysis to prédice route of individual journeys are
presented which are used to identify whether cigclise the most direct route available, as
predicted by the model, or whether the preferescwm ideviate to use routes with cycling
facilities or other favourable characteristics. Tgrecess involved in the preparation and
distribution of a questionnaire to investigateitifeience of cyclist behaviour on route choice,
the decisions behind undertaking a journey to wWaylbicycle, the frequency and occasions
that a bicycle is used and the reasons for chodbiegoute taken is described. Results are

presented in Chapter 9.
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Chapter 9: Results from the collection and analysisf individual cyclist
movement and behavioural data
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9.1 Introduction

This section of this thesis presents the resudtsililastrate whether the spatial analysis model
could be used to predict individual routes takercyslists who believed they chose to take
the shortest route when they cycled to work. Thimlsines modelling work and the results of
the questionnaire. Modelling was undertaken to tiiewhether accurate predictions of the
route that an individual cyclist chooses at a fexel can be made. This would assist with the
design of an effective cycle network, despite thavailability of wide scale cycle flow data,
as individual routes could be accumulated to ptedi@ss cycle movements from source to
destination therefore identifying routes likelyite commonly used. A comparison was made
between the most direct route predicted by theiapabalysis model with the actual route
taken as identified by the cyclist during a questaire survey, as described in Section 8.0.
Actual cycle routes taken by cyclists were alsolys®a to identify the nature of the route

chosen.

The results of a questionnaire survey that was iakken within the three case study cities of
Cardiff, Bristol and York were used to investig#te characteristics of cyclists, choices that
are made by cyclists when considering route to wamnkl factors that affect whether to cycle
at all, therefore providing an insight into cyclsghaviour. A total of 2,932 ‘Do you cycle to
work?’ questionnaires were distributed throughtet three case study cities as described in
Section 8. 990 questionnaires were distributed nist&®, 975 in Cardiff and 967 in York.
Questionnaires were returned from 152 different gamnnes - 61 organisations in Bristol, 45
in Cardiff and 46 in York. 1,245 questionnaires evezturned in total with return rates being;
Bristol 40% (n=390), Cardiff 52% (n=514) and York% (n=341). Therefore the overall

response rate for the three cities was 42%.
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9.2 Results from spatial analysis modelling when ed to predict individual cyclist

routes

As the journey to work is an essential and roujmeney it is assumed that most cyclists
would ideally cycle along the most direct or shsrrteute if favourable conditions prevail.
This assumption is supported by research by Ledvanation, (2008); Caulfield et al. (2007);
Barton, (2007); CROW, (2007) together with resdiitesn a questionnaire where 70% of

respondents believed they took the shortest routeotk.

The start and end points of all journeys for a mmdample of 100 respondents from each
city were mapped, together with all perceived damg® junctions and cycle facilities as
described in Section 8.2. The actual route/stateféped route taken between these points by
the cyclist, as identified from the questionnaivevey, together with the most direct route
calculated by the space analysis model, was atdteg! Figure 64 and Figure 65 present the
stated preferred route as taken by sample resptmdathin the survey (red) and the most
direct route as predicted by the model (purple}-ifjure 64, the route is accurately predicted

by the model.

Figure 64— lllustration of stated preference route takesémyple cyclist and route predicted

by model — accurately predicted by model
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Figure 65 illustrates partial prediction by the rabd he route predicted by the model follows
the on-road option which comprises straighter robtevever, the route identified by the
respondent within the questionnaire takes an @&tioycle route, which would be considered

less direct by the model due to the larger numbexial lines included within this option.
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Figure 65 -lllustration of stated preference route taken byiga cyclist and route predicted
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by model — partial prediction by model

The results when comparing the shortest route giediiby the model with the actual journey
of all sample respondent for each city who belietresy took the shortest route are shown in
Table 17. This illustrates that by using the spai@lysis model an average of 25% of
journeys, where cyclists perceive they took thertglsd route (70% of sample), can be
predicted completely, i.e. from start point to g@miht, ranging from 19% in Bristol to 29% in

York. These cyclists chose to take the most direate from home to work regardless of
whether there were cycle facilities available. Omee third of journeys (35%) were predicted
to an accuracy of 75% (Table 17) within each citgl aver half the journeys were predicted

with 50% accuracy.
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Table 17 -Comparison of percentage of the journeys predictetthe model for each city

100% journey

predicted by model

75% of journey

predicted by model

50% of journey

predicted by model

Bristol 19% 33% 54%
Cardiff 26% 34% 52%
York 29% 40% 53%

These results indicate that although cyclists kelthey chose the most direct route to work,
predictions by the model illustrate that this was the case. This supports previous work
(Tilahun, 2007; Hopkinson, 1996) that cyclists prepared to alter their route to cycle on a
more ‘attractive’ route. The fact that cyclistsibekd that they were taking the most direct
route suggests that this modification of behavinight be at least partially sub-conscious, or

that they may not even consider the actual mosttioute as a viable option.

When the detail of the routes chosen were visumbessed using GIS it was seen that the
journeys taken along off-road cycle facilities w@redicted less well in all three cities, as
illustrated in Figure 65. One explanation for tisishat off-road cycle facilities tend to follow
routes that are less direct often involving mangléshanges in direction. The spatial analysis
model demonstrated a preference for routes that vetter linked to the network as a whole

and followed the line of sight, which tended torbads.

For the city of York, predictions indicated thatmggourneys should take place along the ring
road as this route was more direct and it incluigseer changes in direction. Despite cycle
facilities being situated in many places on thistecand the actual length of the journey not

being substantially longer than alternatives, teee@ived length of the route was considered
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longer as an initial detour away from the destorafi.e. the city centre) was required in many

cases.

An assessment was made of the difference betweematire of the cycle facilities provided
on routes predicted by the model and those on ¢healroute taken by cyclists. Table 18
below illustrates the average percentage of theerinat took place on different types of cycle
routes for predicted and actual journeys. Acrossthinee cities almost half (48%) of both

actual and predicted journeys took place on rowtesye no cycling facilities were provided.

Table 18 -Comparison of the actual and predicted routes fherdnt route types

Bristol Actual 12% 13% 23% 52%
Predicted 10% 10% 13% 67%

Difference 2% 3% 10% -15%

Cardiff Actual 16% 11% 28% 45%
Predicted 7% 6% 21% 66%

Difference 9% 5% 7% -21%

York Actual 18% 23% 13% 46%
Predicted 9% 23% 12% 56%

Difference 9% 0% 1% -10%

In York 18% of actual journeys took place on of&dgpaths, with 16% in Cardiff and 12% in
Bristol. 23% of journeys took place on on-road eylanes in York, which was higher than the
other two cities with Bristol on 13% and Cardiff%1 In Cardiff a higher percentage of
journeys took place on traffic calmed/advisory esuf28%) than in Bristol (23%) and York

(13%).
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Overall 55% of journeys in Cardiff took place omites with some provision for cyclists, 54%
in York and 48% in Bristol, indicating that cyckstio modify their route in order to utilise
provided cycling network facilities when consideyithe proportion of routes that have some
facility incorporated (as illustrated on Figure B4gure 55 and Figure 56). For example when
looking at the difference between the actual joyraed model predicted journeys, an
additional 15% of the predicted (i.e. most dirgctirney took place on routes with no

facilities.

The relatively poor agreement between actual aedigted routes therefore suggests that
cyclists may have modified their route from the batisect (predicted route) to a more cycle
friendly option in all cities. In both Cardiff andork 9% more of the journey took place on
off-road facilities whereas in Bristol an increadenly 2% on off-road routes was observed.
In Cardiff and Bristol 5% more of the actual jouyrteok place on on-road facilities than the
predicted journey whilst there was no differencenMeen actual and predicted for on-road
routes in York. Traffic calmed or advisory routesrer used 8% more than the predicted in

Bristol, 7% more in Cardiff and just 1% more in ¥Xor

9.3 Results from the individual cyclist behaviouraljuestionnaire

9.3.1 Spatial variation of results

GIS was used to spatially analyse responses frengulestionnaire within the three cities as

described in Section 8.2. The location of the stamt (home) of all respondents was mapped

for each city, as shown in Figure 66, Figure 67 Rigilire 68. These indicated that journey

end points, as expected, were concentrated witt@rcity centres. Journey start points were
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much more scattered across each of the citiesibatitrg to the difficulty in predicting routes

that cyclists were likely to take and therefore wehnancial resources should be invested.

Table 19 illustrates the percentage of journeyt si@ints in each section of each of the cities.
In Cardiff and Bristol cyclists were concentratedparticular areas of the city. In Bristol
cyclists travelled from the north and east of titg centre (37% and 34% respectively). In
Cardiff the majority travelled from the north (34%nd west (31%). These locations
correspond with the main off-road cycle facilitieseach city — namely the Bristol to Bath
Pathway and the Taff Trail. In York the start peionf journeys were more evenly distributed

across the city.

Table 19 -Location of journey start points across each city

Bristol Cardiff York
Section of city Percentage of respondents
Northern 37% 34% 20%
Eastern 34% 23% 22%
Southern 15% 12% 29%
Western 14% 31% 29%
Joanne Patterson 2014
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Figure 66 -GIS map of Cardiff illustrating the start and eradnps of all survey respondents
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As part of the mapping exercise, within the questaire respondents were asked to identify
any junctions that they perceived as being dangerd@0 junctions were identified to be
dangerous in both Cardiff and Bristol, with approgately 70 in York. In Cardiff, 30 locations
were identified to be a perceived risk by more thaumr cyclists. The junctions at Gabalfa
interchange and Wedal Rd/Roath Park junction waeatified most commonly to have the
greatest perceived risk. In Bristol and York 17quons were identified to be a perceived risk
by four or more cyclists for both cities. In Brikthhe area around Bedminster Bridge was
perceived to a particular problem. In York, BoothBar was recorded to be a problem by 15

cyclists.

Although these results are likely to be affectedtry sampling technique, the usefulness of
being able to map dangerous junctions using Glustrated and can be used to target
problem junctions in each city. Results from theegjionnaire indicate that 70% of
respondents felt that they were at ‘much’ or ‘somi&k at difficult junctions, which is likely

to affect their route choice. If these junctionsconnectivity of surrounding spaces can be
improved for cyclists, more cyclists might be en@med to cycle. If additional cyclist flow
data was available the spatial analysis model dpeel and demonstrated in could be utilised

to investigate these impacts.

9.3.2 Demographics of respondents

When considering the characteristics of the respots] 66% of the responses were from
males and 33% from females which corresponds watiddal Travel Survey statistics (DoT,
2012). The proportion of females who respondethéoguestionnaire in York was 6% higher
than Bristol and Cardiff. Figure 69 illustrates ege groups of the respondents and indicates

that almost one third were from each of the ageigs®5-34 and 35-44. Respondents from
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York were significantly older with 45% being oves fears old compared to an average of

less than 30% for this age group in the other tittesc

55 or over Under 25
years
7%

years
8%

45-54 years
23%

25-24 years
32%

Figure 69 -Age groups of questionnaire respondents

Census figures indicated that the populations oflifaand Bristol were younger than that of

York, with higher concentrations in the 15-25 abe32 age groups which could be influenced
by Bristol and Cardiff being larger in size and imaviarger student populations as both have
two universities within the city. When looking argeral frequency of cycling across the three
cities, it can be seen in Figure 70 that arountidfahe respondents cycled to work every day

during both the summer and winter.

800

700

600

500 -

400

® winter
300 -

E sumimer

200 -

100 -

u .

Everyday & few days Onceaweek  Less than
perweek once a week

Figure 70 -Frequency of cycling for across 3 cities during swenand winter
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Results show an overall 10% decrease of every glalsts during winter, which can be
explained by worsening weather conditions and dadtnings and evenings, whilst the
number of people who cycled to work a few days a&kveemained largely consistent
throughout the seasons. Cardiff had a higher oveeatentage (almost 10%) of respondents

who cycled less than once a week.

9.3.3 Journey characteristics

The distance travelled in all three cities was venyilar with an average of 80% of
respondents reporting that they travelled less famles to work as illustrated in Figure 71.
This was higher than the 64% reported for Englardi\Wales as a whole (ONS, 2014).

60

50

40

30

20
10 l
2n N | | .

<1mile 1-2miles 2-5miles5-10miles >10 miles

% of respondents

Distance travelled

Figure 71 -Reported distance travelled to work by respondents

Results indicate that cyclists in Bristol were mbkely to travel more than 10 miles. The
existence of a long-distance, well-established mutaffic-free route (Bristol-Bath path)
could be a factor as it serves outlying suburbthennorth and east of the city and makes

commuting by bike easier from more distant location
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When considering the time that it takes for responsl to travel to work (Figure 72), 78% of
respondents reported that they cycled to workss tean 30 minutes. Journey times in York

were generally less, even though distance travelkesisimilar.

15
10
35
30
25
20
15

M hicycle

m other
common
mode

% of respondents

< 10 mins 10-20mins  20-30mins =30 mins
journey time

Figure 72 -Average journey time in minutes by bicycle and maiker common transport

Figure 73 illustrates that for the commuters suegeyhe car was the most common alternative
mode of transport to the bicycle. When comparingney times by bicycle to those by car it

was found that 15% more journeys by bicycle tosk lhan 30 minutes than by car indicating
a time benefit to commuting by bicycle. This fawuaycling as an option and could be used

to promote cycling to commuters (Figure 72).

other
3%

walk

train
6%

motorhike
3%

53%

Figure 73 -Most common alternative mode of transport
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On average 70% of the respondents had accessatooa ¢an. Access to public transport as
an alternative mode for the journey to work ranfyech 70% in York to 80% in Cardiff. This
is significant as the remaining 20-30% of the papah have limited alternative travel
options. Journey times for alternative transporthods were noticeably shorter in Cardiff and

York than in Bristol.

When considering other alternative modes of tranisgoardiff was the only city with
significant train use at 11% within the sample.slisisupported by the response that Cardiff's
public transport was rated as ‘very good’ or ‘qujted’ by 50% of respondents, compared to
41% in York and under 30% in Bristol. The populatwithin Cardiff are well served with
several branch-lines within and around the cityriatauy together with the Valley Lines which
serve a wide area adjacent to the city. Small¢iostaare located near the centre of the city
in Cardiff including Cathays and Queen Street, él@ssing very convenient for a number of
large employment centres, increasing the attraotise of travelling by train. Train options
are also well integrated with bus services, asntlagn bus and rail stations in Cardiff are
adjacent to each other. Contrast this with Brigthére the central bus station is on the other
side of the city centre to the train station, mgkanjourney combining bus and train difficult.
There are no railway stations within 3 miles of teamtral rail station in York meaning that
the option of rail travel is not available for shoommutes into the City Centre. Although this

station is well linked nationally, it does not pide a viable short distance commuter option.

These figures indicate that, rather than offerimga alternative to the car, public transport
was perceived as an unfavourable option by at ledsbf respondents in each city. There are
therefore opportunities, if cycling facilities wareproved, to encourage car users to travel by

bicycle, rather than public transport.
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9.3.4 Route choice

When considering the journey made by bicycle, thestnfrequently used route type as
indicated by respondents for all three cities wawey roads with no provision of specific
cycling infrastructure, accounting for an averafé2%s of each journey as indicated in Figure
74. This can be compared to 48% identified fromrthge indicated on the map within the
qguestionnaires and 48% predicted by the model i@e@t2). Quiet roads and dedicated cycle

lanes on busy roads were the least used routkustsated in Figure 74.

100% -
- b |
70% - ® quietroad
60% |
- = busy road no
50% ; provision
M lane on busy road
40% i
30% m oycle/ped route
- =
~ i |
0%

Bristol Cardiff York Total
Figure 74 -Respondents approximate time spent on differeriertypes when travelling by

bicycle

Nearly 50% of cycle journeys in Bristol took plame busy roads with no cycling provision
compared to 41% in Cardiff and 34% in York. 27%aifrneys in York took place on cycle
lanes on-road which was higher than the otherscdige to the much higher provision of this
type of facility in York. Cyclists in Cardiff spemore journey time on designated cycle routes
than in any other city, which is surprising givee tack of off-road routes, particularly around

the city centre. The Taff Trail may however accolantmany of these trips, which is a well
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established off road facility linking a large poatibn in the north of Cardiff to the centre of

the city.

When considering the extent to which different dastinfluenced the route taken to work,
Figure 75 illustrates that exposure to motor tcaffias the most influential factor in route
choice with 75% stating that this influenced threute choice to a great or moderate extent.

Cycle lane provision was influenced to a great toderate extent for almost 60% of

- =

respondents.

100%

90%
80%

Enotatall

70%

60% Lyery little

50% ® moderate

40%

% respondents

30%
20%

10%

0%

Exposure to traffic Gradient Cycle lane provision

Factor influencing route to work

Figure 75 -Influence of various factors in route taken to plat work

Exposure to motor traffic was a far greater fa@toinfluencing route choice in Cardiff with

84% citing motor traffic influencing their route @lbe by a moderate to great extent, as
opposed to approximately 70% in York and Bristok #ight be expected, gradient was
influential in Bristol (50% moderate to great exjewhich has some very steep hills, but
featured much less in Cardiff and York (betweerBR@s) where the terrain is flatter. 70% of
respondents believed they took the shortest roogsiple to their place of work when they

cycle. This ranged from 78% in York to 62% in C#tdilowever, as indicated in Section 9.2,
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only around 25% of journeys agreed with the mostairoute calculated by the space syntax
model, suggesting at least a degree of modificaifdhe route in the majority of cases. This
may be to avoid the faster flowing motor traffic @ardiff's roads, which can act as a
significant deterrent to cyclists. It is also likehat whilst respondentslievedthat they took
the shortest route to work, it has been illustrame8ection 9.2 that this is not the case. Minor
deviations from the shortest routes are likely ® ibcorporated into journeys to avoid
perceived problem areas, or to utilise routes oflifi@s that are considered to enhance the

journey.
9.3.5 Attractors / deterrents to cycling

The weather was identified as strongest overafirdent to cycling in all three cities with over
50% stating it would deter them from cycling frormaderate to great extent, as indicated in
Figure 76. Responses of between 40 — 50% (greabtterate extent) indicated that work or
personal needs including multipurpose journeysin@ss during the day and the need to carry

equipment deterred them from cycling to work.

100% -
90% -
80%
| | w very little

—— B Moderate
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weather carry equip. dark am/pm multlpurpose business
during day
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Figure 76 -Factors that deter cycling on any given day
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With regard to danger experienced from other madé&snsport, an average 90% of cyclists
felt that they were at ‘moderate’ or ‘much’ rislofn cars and vans. 70% of cyclists felt that

they were at risk from public transport as illustchin Figure 77.
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30% +— = Much risk
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0% +— |

public trans  car/vans motorcvcles other wcllsts pedestrians

% of respondents

Other modes of transport

Figure 77 -Danger from other modes of transport

A higher percentage of respondents felt that cadsvans provided ‘much’ risk in Cardiff.
This may be due to the relative lack of on-roadvigion for cyclists and the traffic speeds
being slightly higher due to lower levels of corngas Perceptions of danger from all sources
including public transport, motorcycles, pedessiand other cyclists were lower in York than

the other two cities.

Figure 78 presents the stated importance of vafemitsrs involved in making the decision to
cycle to work rather than to use another modeapisiport. Over 90% of those surveyed agreed
that health was a very/quite important factor itldecision to cycle to work. Environmental
benefits were the next most frequently cited reasitima response rate of 80% (quite or very
important), with independence and time-saving hggimilar responses. Many more people
in York found that cycling shortened their route &bleast it was perceived to do so). Cardiff

cyclists considered their employers to be less @raging than in Bristol and York.
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Figure 78 -Importance of various factors involved in making ttecision to cycle to work

rather than use another mode of transport aggmre@até cities

When considering factors that would encourage stgclio cycle more often, results showed
that safer routes (on/off road) would have the égglmpact, as illustrated in Figure 79. More
than 80% respondents agreed that this would engeutzem to cycle more often. Better
facilities at work and decreased road congestidaindéd 65% response for moderate to great

extent.

A lack of cycle lanes, personal safety, need toydaags, formal dress, combining journeys,
weather and danger from traffic were all reportedi@terring cycling at either a moderate or
great extent by around 50% of respondents (FigBye87% of Cardiff cyclists (to a great or

moderate extent) wanted safer routes to their wadeto encourage them to cycle more often,
whilst Bristol and York respondents also placeesabutes as most important at 82% and

78% respectively.
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Figure 79 -Factors that would encourage cyclists to cycle noden

When considering risk faced when cycling, motoffitavas seen as the biggestk in all
three cities by an average of 90% of cyclists (freome’ to ‘much’ risk) as illustrated in
Figure 80. Difficult junctions are perceived as feeond highest risk ranging 77% in Cardiff
to 63% in York. The order of importance of risksmaery similar for all three cities but once

again figures for Cardiff are higher within the darlsome’ and ‘much’ risk.

It was reported that 80% of employers in Bristaypded covered, secure parking facilities
for cycles, and 25% offered a bike loan. In Cardiitl York the corresponding figures were
an average of 70% for parking and 10% for a loama@erage only 5% of respondents knew

if a financial incentive to cycle to work was awdle.

Joanne Patterson 2014
244



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

m little
risk

w slight
risk

E some
risk

m much
risk

100% -
90%

80% -
70% -
60%

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

0% - . . r r
‘5\‘: @‘-" & 5

& EC)

o z > & &
O & & ¢ & o & & ot o c‘n.b
& & & 3 0 P o 9 & o = A
(Qon & g ; & ‘,}o% & oS & ) g
«© & & Qoo & '@}'\“ _‘,‘{Qp\’ 9
e:'J‘} .z':.\" QD {\ 0'\ b
.&Q QOO QO

Figure 80 -Perceived risk reported by respondents when cyttirgork

9.3.6 Frequency based analysis

Further analysis was undertaken using categomgakssion analysis (CATREG) to identify
the dominant characteristics in the decision toemtade a journey by cycle within different

groups of cyclists using the methodology describeSection 8.2.3.

662 questionnaires were completed sufficiently éfjoas complete/correctly filled in) to be
included within CATREG analysis. The overall CATREgult showed an adjusted Rilue

as 0.5 indicating that the independent variableslipt the dependent variable (frequency of
cycling) well, and so the regression model couldibed as a good indicator of frequency of
cycling. When considering the ANOVA result it cam $een that the process was non-random
and therefore the results were considered as vahe. results of categorical regression

analysis can be seen in Table 20.
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Table 20 —Results table from categorical regression ana({#sTREG)

Standardized df F Significance
Coefficients
Independent Beta Std.
variables Error
weather conditions - -0.277 0.047 2 35.053 0
extent deters cycling
dark mornings/ -0.253 0.038 2 43.35 0
evenings - extent
deters cycling
need to carry -0.151 0.04 4 13.944 0
bag/equipment -
extent deters cycling
lack of dedicated -0.11 0.047 4 5.542 0
cycle lanes - deter
from cycling
other mode journey -0.098 0.035 2 7.982 0
time
illness from pollution - -0.097 0.033 3 8.778 0
risk
cost saving - decision 0.086 0.032 4 7.191 0
to cycle
sense of 0.123 0.035 4 12.505 0
independence -
decision to cycle
time cycling on quiet 0.153 0.038 3 16.213 0
road
average journey time 0.238 0.051 3 21.727 0
no alternative - 0.103 0.031 1 11.376 0.001
decision to cycle
varied route - decision -0.087 0.035 2 6.119 0.002
to cycle
night time lighting on 0.083 0.034 2 5.929 0.003
roads- risk
need to carry 0.084 0.042 4 4.009 0.003
bag/equip - deter from
cycling
influence of cycle lane -0.065 0.033 4 3.733 0.005
provision
bike theft - risk 0.073 0.032 2 5.269 0.005
conflict with 0.085 0.037 2 5.396 0.005
pedestrians - risk
journey length - deter 0.087 0.04 2 4.772 0.009
from cycling
contact with nature - 0.081 0.04 2 4.155 0.016
decision to cycle
environmental benefit -0.067 0.035 2 3.749 0.024
- decision to cycle
other cyclists - risk -0.06 0.038 4 2.498 0.042
How dangerous are 0.06 0.035 2 2.98 0.052
cars/vans when you
cycle to work
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time cycling on -0.067 0.035 1 3.704 0.055
cycle/bus lane on

busy road

more expensive -0.074 0.043 2 2.881 0.057
parking - encourage

cycle more

rating of public -0.049 0.03 2 2.739 0.066
transport

decrease in road -0.062 0.034 1 3.274 0.071
congestion -

encourage cycle more

motor traffic - risk -0.061 0.034 1 3.169 0.076
condition of cycle 0.056 0.035 2 2.541 0.08
route - risk

multipurpose trip - -0.059 0.037 2 2.505 0.083
extent deters cycling

support from employer 0.056 0.033 1 2.883 0.09
- deter from cycling

weather - deter from -0.068 0.045 2 2.252 0.106
cycling

time saving - decision 0.054 0.036 2 2.249 0.107
to cycle

need to dress formally -0.051 0.036 2 2.071 0.127
- deter from cycling

difficult junctions - risk -0.05 0.034 1 2.182 0.14
health/fitness - 0.041 0.029 2 1.949 0.143
decision to cycle

How dangerous are -0.052 0.037 2 1.908 0.149

pedestrians when you
cycle to work

poor physical fithess - -0.049 0.037 2 1.811 0.165
deter from cycling

hills - deter from 0.063 0.047 2 1.8 0.166
cycling

time cycling on -0.05 0.036 1 1.868 0.172

cycle/pedestrian route
(no motor traffic)
need to combine -0.051 0.038 1 1.792 0.181
journeys - deter from
cycling

more expensive fuel - 0.07 0.054 2 1.707 0.182
encourage cycle more
safer on/off road - 0.05 0.038 1 1.744 0.187
encourage cycle more
inflexible working 0.04 0.031 2 1.668 0.19
hours - deter from
cycling

condition of road 0.043 0.034 2 1.639 0.195
surface- risk
encouragement from -0.038 0.031 2 1.544 0.214
employer - decision to
cycle

personal safety - deter 0.055 0.044 1 1.539 0.215
from cycling
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How dangerous is -0.039 0.031 2 1.539 0.216
public transport when
you cycle to work

influence of exposure 0.043 0.035 1 1.532 0.216
to traffic

night time lighting on -0.039 0.033 2 1.375 0.254
off road cycle routes-

risk

influence of gradient -0.041 0.036 2 1.324 0.267
shorter route - -0.035 0.034 2 1.068 0.344
decision to cycle

personal attack- risk 0.028 0.031 1 0.814 0.367
Sex 0.032 0.032 2 0.987 0.373
parked cars - risk 0.031 0.034 2 0.852 0.427
time cycling on busy -0.034 0.038 2 0.833 0.435
road with no cycling

provision

How dangerous are 0.032 0.039 2 0.674 0.51

other cyclists when
you cycle to work

road pricing - 0.026 0.045 1 0.322 0.571
encourage cycle more

better facilities at work -0.029 0.035 4 0.697 0.594
- encourage cycle

more

distance from door to 0.03 0.045 2 0.432 0.649
door

How dangerous are 0.02 0.032 2 0.412 0.663

motor cycles when
you cycle to work

Do you take the -0.017 0.031 2 0.3 0.741
shortest route

danger from traffic - -0.022 0.042 2 0.275 0.76
deter from cycling

age 0.015 0.031 2 0.229 0.796
business travel - -0.014 0.035 2 0.161 0.851
extent deters cycling

relaxing experience - -0.015 0.037 4 0.157 0.96

decision to cycle

On reviewing the CATREG results, 21 variables duhe 65 included had a significance of

p>.05. That is, to a certainty of 95%, they wereditors of the result, these are indicated in
20. The standardized coefficient Beta column indi¢he results for each frequency group.
Scores with a greater negative result indicate thatindependent variable has a stronger
influence on occasional cyclists, as the standaddizoefficient Beta score increases, the

independent variable is more relevant to the fratjaad everyday cyclists.
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The factors identified to have the strongest inflteeonoccasionalcyclists to a much greater

degree than other cyclists included, in order efiptive coefficient:

weather - occasional cyclists deterred by bad vezath

dark mornings/evenings - occasional cyclists detelry darker conditions;

average journey timeoccasional cyclists deterred by perceived lojgemey times;
time spent cycling on a quiet roadccasional cyclists deterred by lack of quietdss
need to carry a bag/equipment - occasional cydistsrred by the need to carry items;

lack of dedicated cycle lanesoccasional cyclists deterred by a lack of deéidatycle

lanes.

Average journey time, time spent cycling on qudads and lack of dedicated cycle lanes are

characteristics that could potentially be improbgdnfrastructure changes and improvements

in connectivity. Results indicate that perceivedrjeey length had little significance on the

decision to cycle by the occasional cyclists groliperefore occasional cyclists could be

encouraged to cycle more often if:

routes were improved to make them quicker, forans¢ by removing factors that cause
cyclists to get off their bicycles, such as difftawad junctions;

provision of signs and maps to improve knowledgeaas which would help direct
occasional cyclists onto roads that were quietan tihne main routes that they were more
familiar with when using a car or public transport;

cyclists were provided with a level of protectiosarh motor traffic, through on-road cycle

routes, they may be encouraged to cycle more often.

Factors identified to have the strongest influeaeer route choice foirequent cyclistshat

had a significance of p>.05, were:

night time lighting on roads - more influencedrbght lighting;

conflict with pedestrians - more influenced by cemms over conflict with pedestrians;
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» the length of the journeymore influenced by journey length;

* contact with nature - more influenced by poterfoalcontact with nature.

An improvement in lighting on common routes wouttprove conditions for all cyclists and
would have an overall impact on safety for the fuiol general. More clearly marked cycle
paths and cycle routes may address the issue diotdmetween cyclists and pedestrians
together with on-road facilities where pedestriaresnot an issue. The length of journey was
also identified as having an influence over fredqusmlists. This could be explained by the
fact that some frequent cyclists, as reported & dbestionnaire, have limited alternative
modes of transport resulting in cycling being aassity. Occasional cyclists may only cycle
when it appeals to them. Finally more frequentisyEwere more influenced by contact with
nature, therefore more cycle paths through greeasaand parkland could be preferential to

this group.

From the CATREG analysis, the main factors thdedéhtiateceverydaycyclists from other
frequency groups were sense of independence thlihgygives them; cost saving; no other
alternative. These are generally personal fact@sdannot be influenced by direct planning

by local authorities.

9.4 Summary

The comparison between predicted and actual rdwdee has indicated that, at a fine level,
the model was not particularly successful at ptedicindividual route choices which is

perhaps not surprising as the modification of thate chosen from the most direct route is
based on human choice. For example, cyclists maypdre deterred by the time it takes to

make a journey than the actual geographical leaf#hjourney, or that they may increase the
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distance travelled to experience a more pleasambhgy on routes with cycle facilities. As
such, whilst the survey respondents used for #ssarch believed that they had been taking
the most direct route for their journey, this mayt necessarily be the case with only 25%
accurately predicted by the model. Deviations fritve most direct route to either avoid
problem areas (e.g. busy junctions) or to utilessetired infrastructure (e.g. an off road route)
are likely to be incorporated into cycle journeyther without the conscious lengthening of
the journey or without consideration of the mosedi route as a viable option. Future research
to further incorporate weighting factors basedlmnaycling hierarchy could improve this by
weighting more favourable routes. However, a greatelerstanding of cyclist behaviour is

required in order to inform any future modificatiohthe modelling approach.

Survey results showed that cyclist behaviour, idicig the route taken and whether to cycle
or use alternative transport, was influenced byidewange of factors, many of which were
based on the perceptions and personal choicesadhtlividual at any given point in time.
This makes the behaviour of cyclists difficult teegict, particularly when, as is the case for
this thesis, survey results are limited to a ofi@otasion and long term reliable data on cycle
movement patterns is not collected by local autiesii However, it is clear that certain factors
affect the choice of whether or not to cycle actbgsrange of respondents. The safety aspect
and risk associated with motor traffic was foundeothe overriding issue with regards to
route choice, and results also indicate that red@oats are prepared to travel further to travel

on routes that have less motor traffic and aresfbes perceived to be safer.
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Chapter 10: Discussion
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10.1 Performance of the basic spatial analysis moder motor traffic flow

A process of validation for a motor traffic flowatal analysis model has been presented. This
validation process was undertaken through a sefistages to identify the minimum level of
data that needed to be collected in order to impidrthe model effectively. Initial tests using
global integration values and average hourly tcefbw figures for a limited number of main
routes produced a weak correlation with a@wvRlue of 0.07 (Figure 33, Section 5.2). This
result was not unexpected as data points for medsuotor traffic flow were limited both in
number and in the types of roads included withendahalysis, meaning that the dataset being
used for correlation was itself limited in its atyito reflect the range of average hourly traffic
flows across an urban area. In addition, the dpatialysis model in its basic form did not
accommodate factors which affected the flow of mataffic along any particular road, such
as attractors or deterrents to motor traffic, and dot account for motor traffic
entering/leaving areas when not considered asopargeographically larger model. As such,
it can be concluded that the range of the initethdet was below that required to validate the

motor traffic flow model and that a greater levehwotor traffic flow data would be required.

By increasing the range and number of motor trdfbes data for a smaller case study area
the correlation between average hourly motor wdfow and global integration values was
improved with R value of 0.68 calculated when the case studywaasaconsidered as part of
the larger city wide model, i.e. was not isolated(re 36, Section 5.3.1). However, regardless
of the larger dataset used, correlation valuesndidimprove when the case study area was
treated as an isolated area, i.e. the larger cithe @xial map was not associated with the
smaller area, with an®Rvalue of 0.05 achieved (Figure 40, Section 5.3Thjs is because
roads at the boundary of the axial map, or at thendary of an isolated area within an axial

map, were modelled as being less well connectechwhéact this was not the case as the
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model only has data from within the area on whzlbdse the integration calculations. The
nature of the transport infrastructure and motaifitr flow data from outside of the mapped
area was unknown and therefore was not consideitechvthe model calculations, i.e. flow
across the boundary was not represented withimtigel. This was the case when city/region
wide areas were modelled, with roads at the edgleec@xial map being considered less well
integrated than those at the centre, or when snwlleareas were considered in isolation. By
modelling a sub-area whilst taking into accountdbenectivity of roads across the whole city
region, the ‘edge effect’ was mitigated, therefionproving correlation with measured motor
traffic flow. It can therefore be concluded thatri@asing the validation data set to represent a
wider range of motor traffic flows and road typégn#icantly improved model correlation
when non-isolated areas were considered. Howewerjsblated areas the ‘edge effect’
dominated model calculations to the extent that tmprovement in model correlation was
not evident, meaning that some method of compersédr edge effect would be required to

improve the correlation.

When data was analysed for a range of motor tréties for the case study area (Figure 37,
Section 5.3.1) it was found that global integrati@iues from the spatial analysis model
correlated well with motor traffic on roads witlatiic flows of greater than 100 vehicles per
hour (R of 0.65) but not so well on roads with trafficvie of less than 100 cars per houf (R
of 0.016) (Figure 38, Section 5.3.1). There weraeumber of factors that contributed to this
result. Firstly, roads with higher traffic flowsdlmded routes such as urban clearways that are
used relatively consistently by the aggregate . Journeys along these roads are likely
to be made by people passing through the areadth keey destinations such as the city centre.
Small day to day variations in flow on these roadse a relatively minor impact when
compared to the overall motor traffic flow and tl@gel of consistency on major routes makes

the prediction of motor traffic flow more possibleis also worth noting that these high traffic
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flows are generally as a result of the major rdasg well connected. Conversely, roads with
low motor traffic flows tended to be not as welhoected to the wider network, and journeys
were more likely to originate or end nearby asvitlials travel to or from more connected
routes. Low motor traffic flows mean that day tg @ariations, which are driven by individual

choice rather than an aggregate population, madma thore difficult to predict accurately.

In order determine whether further increasing tlaéadset would further improve model
performance the number of sampling points andearigoad types across the whole city for
which flow data was available was further increaseudl once again compared to calculated
global integration values (Figure 43, Section 5.3TAe correlation between average hourly
traffic flow figures and global integration wasgsitly improved but not to the extent that the
model could be considered functional for purpodas Turther increase in the number of
sampling points would incur additional time andtdaoscollect, collate and model for little
additional benefit and would mean that the modelildanot meet the aim of being easily
applied. It can therefore be concluded that thigllef motor traffic flow data exceeds that

required to validate the model.

The effect of replacing global integration with @l integration (Section 5.3.3) was
investigated as a potential means of improving rhpdeormance by placing emphasis on
the local connections associated with axial linRadius integration was developed to
investigate local integration (Dalton, 2007; Turn2007) which is particularly relevant to

pedestrians where movement from a place of origjitimited by physical ability, with the

effects of accessibility and connectivity being mmbmited. Radius integration allowed local
movements to be reflected in the integration valogisulated. Tests concluded that the
correlation between average hourly traffic flow aadius integration calculations (at levels 3

and 7) were weaker than global integration caloorat (
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Table 10, Section 5.3.3). This is likely to be hesma wider urban network is accessible by
car due to the ability to travel greater distancas] therefore radius integration is less
significant as further distances/axial lines areeasible by car. This is supported by the work
of Manum and Nordstrom (2013) and Law et al. (204139 found that higher radius measures
correlate better than lower radius measures wath 6f cyclists, which is likely to be because
cyclists are generally able to travel further dises than pedestrians. As a result of the weak
correlation between motor traffic flow and radimgegration values, the methodology for
radius integration was discounted as an appropngggration technique at an urban scale for

motor traffic flow.

Given the limitations of the basic spatial analysisdel in representing motor traffic flow as
described above it was evident that the spatialyaisamodel needed to be improved to
represent motor traffic flows to a level of accwyrdlat is satisfactory. Modification of the

model using weighting factors was therefore ingzded.

10.1.1 Evaluation of the weighting methodologies ajfied to the spatial analysis model

for motor traffic flow

A series of different weighting factors were invgated to determine whether individually or
in combination they could address some of the miaéiations and improve the correlation

between predicted relative motor traffic flows andasured motor traffic flows.

Boundary weighting methods, which allowed for mot@affic flow across the perimeter
boundary of the area being modelled, were testedaase study area to investigate the impact
both of weighting factors and weighting locatiomests on the case study area indicated that

boundary weightings significantly improved the etation between motor traffic flow and
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integration values compared to when the area weasei in isolation with Rincreasing from
0.05 to 0.875 (Table 11, Section 5.4.1.1). This wasmprovement on the initial global
integration values calculated when the case stuely was considered a sub-area of the axial
map of the whole city (R0.68) (Figure 36, Section 5.3.1). This indicatest the boundary
weighting facility was successful at accommodatimg movement of motor traffic across a
model boundary and therefore improving the abditythe model to predict motor traffic flow
to a relatively high level of accuracy for a smatea. It can therefore be concluded that
boundary weighting when considering smaller, isaareas, is a valid means of representing

the movement of motor traffic across the area baund

The most successful boundary weighting method lier case study tests used a relative
weighting factor based on ‘hourly traffic count’esch ‘non-built up’ and ‘built up’ route into
the area. This method of weighting incoming motaffic was considered replicable as there
would be a limited nhumber of locations with thessssifications at the boundary of an area
and also these routes would be most likely to magerded motor traffic flow data available.
The method therefore meets the overall aim of thedeh in terms of its ease of
implementation. Two tiers of boundary weighting @encluded within the model —
‘connections’ and ‘levels’. Only three tests whéeine second tier of boundary weighting,
‘level’, was used produced a valid result. Whensidering the tests that were valid when
using both connections and levels, the data inelicdtat there was a limit to the number of
connections and levels that could be applied beforaull result was obtained when
undertaking analysis. When boundary weighting vpgied to the whole of Cardiff there was
a slight improvement in correlations when comparethasic global integration values but

overall the improvement was not significant {Rcreased from 0.3 to 0.37) (
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Table 12, Section 5.4.1.2). The most successfuhtbaty weighting tests applied used core
and country roads which is a local method of cfaesdion and is therefore not easily
transferable to other areas and does not achievstdited research objectives. It is believed
that the reason that boundary weighting methodneasas effective at the city scale was that,
at this larger scale, the edge effect had lessativeifluence on the integration values
calculated due to the large number of axial lines@nt within the full map. Whilst the edge
effect is significant close to the boundary, congagimg for this had relatively little impact on
the connectivity of the network towards the cemtféhe axial map. Conversely, for small
isolated areas containing a limited number of ainals, the edge effect would influence the

connectivity of a greater proportion of the roadsig modelled.

For the majority of tests undertaken on both thalemncase study area and the city wide area,
valid results were generated when running the mategn calculation within Mapinfo.
Incidents of ‘null’ returns occurred when the weigh method required the addition of
relatively high numbers of both connections anctlewat the boundary weighting locations.
This was found to not be significant at the smaikese study scale as the level of motor traffic
at the boundary was limited due to the physica sizhe study area and therefore correlations
between real motor traffic flow and integrationwed are relatively strong, indicating that the
boundary weighting method was successful. Howelieg,to the large number of axial lines
within the city scale map, there is a need for ificently more ‘connections’ and ‘levels’ to
be added at the boundary of the space being mdddilee capacity of model to associate
appropriate levels of motor traffic flow at the lmiary of such a large axial map does not
seem to be possible at present. It can therefocemauded that currently the additional effort
of undertaking boundary the weighting methodolog@nrot be justified by the small
improvement in correlation values obtained whersatering the city wide area. However, if

modifications to the algorithms within the spatadalysis model could be implemented to
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include a higher number of connections and levitlere is potential for the boundary

weighting to be successful at the city/region scadet has been for at a case study scale.

A number of tests to investigate the effectiveneksoad weighting, allowing for road
characteristics that might encourage/discouragemntaffic flow to be incorporated, were
undertaken at a city scale both with and withoutrtatary weightings. The road weighting
method was chosen to be replicable in other areds@be relatively consistent over short
periods of time and was therefore based on natiolaasification of roads. Correlations
between integration values and average hourlyi¢rddiws were significantly improved from
R? of 0.06 to 0.72 when road weightings were app(iEable 14, Section 5.4.2). The reason
that the road weighting method was effective atdihescale was because the classification
system that is used as a basis for the weightintpadelogy identified the roads that have
higher relative traffic flows and the weighting fas used are ordered to reflect their relative
importance based on the national classificatioremivihese roads are likely to be well
connected and are therefore used relatively camilgtmaking the prediction of motor traffic
flow more possible. As previously described, joysalong these roads are likely to be made
by people passing through the area to reach kdyndeens and, at an aggregated level, are
relatively consistent and therefore more predietdiy nature. Overall, it can be concluded
that road weighting, based on national road classibn, is an effective weighting
methodology and meets with the overall model ainb@hg relatively straightforward to

implement.

The road weighting figures utilised within the spuate based on the relative importance of
each road type as expressed by the road claswific#®n alternative approach might be to
base the weighting factors on measured averagernatific flow. For example;rable 8

illustrates the road weighting factors that cowddapplied for Cardiff based on a normalisation
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factor of the average flow on a minor route. Whemnepresentative range of average motor
traffic flow data is available this may prove to hemore accurate weighting approach,
however, as the aim of the research was to devk#ips transferable to areas that might lack

this data, in the research presented it has not &eglied.

Table 21— Alternative normalised weighting factors thatiicbbe used for road weightings

based on classification of roads

Average motor 4,922 2,008 1,523 268

traffic flow for

Cardiff

Normalisation 268 268 268 268

factor

Normalised 18.4 7.5 5.7 1

weighting

The improvement when road weighted integration eslwere combined with boundary
weighting was only slightly higher that when roadighting only was applied (Table ,14
Section 5.4.2). This suggests that road weightirag ar more significant in terms of
improving the ability of the spatial analysis motelpredict relative motor traffic flows in
line with measured motor traffic flows, and thaerdfore the additional effort required to
implement boundary weightings may not be justifeida city scale. To improve the

effectiveness of boundary weighting at this scadg nequire that the algorithms within spatial
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analysis model are altered to increase the numbepmnections and levels that can be
accommodated at the model boundary.

The most successful weighting methodologies westedeon three other cities/regions to
investigate transferability of the methods. Thestésmplemented were selected based on the
correlation results achieved when applied to thelavbf Cardiff, the most replicable methods
and need for data to undertake the test. Globagrmation was run for each of the three
cities/regions. Three tests were then carried @wotrelate motor traffic flow figures with
integration values. Available motor traffic flow tdafor the additional cities/region was
considerably more limited than was the case fordifarwith data mainly limited to
motorways, non-built up and built up routes. Howewhis would also be the real world
situation in other city/regions, and as one ofc¢bee aims of the spatial analysis model was
that it should function with the limited data setsitinely gathered by the majority of local
authorities and not require large additional inmestt for data capture, its application in this
context was considered as appropriate to the saioesearch. Boundary weightings and road
weightings were seen to improve the correlationvbenh average hourly motor traffic flow
and integration values for Leicester and NPTCB [@4l®, Section 5.5) with maximun?R
values of 0.39 and 0.86 achieved in each regiopewely. It can therefore be concluded
that the general space analysis modelling methggaad the weighting methods developed
are transferable to other urban areas and can fdlenmented using readily available levels of

motor traffic data.

Cahill and Garrick (2008) suggested that compassshould be made against other
transportation forecasting models to provide vaiaia This was undertaken within this thesis
for the motor traffic flow model, with comparisomade between space syntax and SATURN.
Results (Table 15, Section 5.5) illustrate positteerelations between the outputs of both

models, as found with average hourly motor traftfiev data, indicating that additional data
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from SATURN could be used to validate the modethier if required. Qualitative, visual
comparative analysis of results from Space Syntak@ATURN made by Barros, Silva and
Holanda (2007) highlighted that all streets in gpamtax had data ascribed to them compared
to SATURN, which demonstrates an advantage of spgeax. Their comparisons found a
good association between actual motor traffic flayures from a limited amount of speed
control devices (31 locations — arterial and cadlestreets only, not minor routes) and space
syntax results and they are supportive of space&sys not a large amount of data is required
compared to other transport models, and the relgthigh R values achieved encourages the
application of configurational models for motorfiastudies even if at the initial planning
stage (Barros, Silva and Holanda, 2007). Unfortelgathe work in the study by Barros, Silva
and Holanda (2007) was carried out at a UNESCOdnoekritage site in Brazil on unusual
urban planning development, and is not consideagiicplarly replicable to other urban areas.
The results from this thesis demonstrate that datained from the spatial integration map
are similar to results generated by the SATURN modmit require much less
origin/destination based data, and therefore lgperese, to make the calculations and can

therefore be considered a suitable alternativeeairtitial planning stage.

Results of the correlation between measured ardigbeel motor traffic flow generated using
both linear regression and spearman’s rank comelatoefficient have been presented. In
some cases within the data sets, the distributiomeasured motor traffic flow available for a
study area was not normally distributed, which catiés heteroscedasticity of the data. For
example, Figure 36 indicates that there are sulbHptipns with possible different variable
properties. This has been identified within thesthehrough the analysis of the data set in
Figure 37 and Figure 38 being split to indicatd tha model may be able to represent motor

traffic flow on roads of higher levels of flow bnbt on roads with a lower flow.
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It is therefore acknowledged that the results mrediusing linear regression may not be
accurate. In order to remedy this, it might haveerbgossible to apply a numeric

transformation (e.g. log or square transformatimnadjust the data set towards a normal
distribution. If this was undertaken it is possitilat a stronger correlation and therefore more

accurate modelling would have been achieved.

The distribution of measured motor traffic flow das likely to vary between study areas, for
example, between cities / regions, or betweenmiffesub-areas within the same city / region
depending on the characteristics of the transpetwvork. As such, the requirement for
performing this numerical data adjustment wouldehvbe determined by the end user prior
to undertaking the modelling work. Additionallygtlend user would have to determine which
numerical transformation method would be most appate to provide data that is as near to
normal distribution as possible. These additiorsdtuations conflict with the objective of
providing a modelling method that has low data nexuents and is fully transferable between
cities / regions. The use of spearman’s rank caticei coefficient, whilst providing a slightly
less statistically powerful assessment of corretabetween measured and predicted traffic
flow, can at least be applied to data sets thahatenormally distributed and do not require
any additional data transformation in order to el valid results. Of the results presented
in this thesis, it is therefore concluded that thpeoduced using spearman’s rank correlation

coefficient are the most valid across the data set.

10.2 Application of spatial analysis model to citgcale cycle networks

An urban scale cycle route map containing all pidéroutes available to cyclists was created

that could be used to represent relative cycle glohhese maps were created by making

relatively minor modifications to motor traffic atimaps, which have been validated within

Joanne Patterson 2014
263



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

this thesis. The axial map for cycle routes comdiaround 30% more axial lines than the road
axial map for the same city indicating that the iaddal resource required to make the
amendment to the map is minimal. Application of #p@ace analysis model to represent
relative cycle flows (Appendix 2) demonstrated thattechnique was capable of representing
cyclist movement patterns along on and off roadecpaths as well as along roads with no
cyclist provisions. The model was flexible enoughatiow adaptation to include movement
of cyclists through open spaces (e.g. parks) anddode small connections that are only
accessible to pedestrians/cyclists and not to muo#dfic such as minor paths between

buildings.

The spatial analysis model has been used to igatstthe impact of incorporating additional
axial lines into the cycle network to simulate ingroved connectivity within the cycle
network that could be achieved through targetetl|ilmited, network improvements (Figure
57 and Figure 58, Section 7.2). Visual assessnfeaheamutput showed an overall shift in the
‘centre’ or most connected part of the axial map seen towards the location of the additional
axial lines. The impact of this was not as visualhyvious as would be expected, with well
connected routes across the map remaining relativell integrated, regardless of their
location in relation to the newly added axial linkkgs believed that the combination of the
additional axial lines, and therefore connectivityuld be enhanced with the route weighting

factor incorporated.

Within this thesis replicable weighting factors weapplied to a case study cycling axial map
to demonstrate that the weighting methodology west successful with regard to road motor
traffic flows could also be applied to represemferential cycle flows along key routes. Route
weightings have been applied to a case study areaytle flows, using a route hierarchical

methodology similar to that used for road weightwmithin the validated motor traffic flow
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tests. The weighting facility could potentially lbbeed to represent preferential routes for
cyclists providing a resource that could be useithtestigate the impact of modifying cycle

network infrastructure. For example, the additibme@w~ on or off-road cycle routes could be
included within the model as a new line of connafti(Figure 62 and Figure 63, Section 7.3),
or improvement in the quality of an existing cyabaite, for example by adding lighting, could

be accommodated by adjusting the weighting factottis route. As such it can be concluded
that the spatial analysis model provides the fometi platform to investigate the effectiveness
of cycle network provisions which would shift rositep the cycle route hierarchy on a city

wide or sub-area basis with relatively little timued resource input.

Although at present the accuracy of the modellipgreach for cyclist flows cannot be
validated due to lack of available cyclist flow ntoning data, the methodology to undertake
this validation would be as demonstrated for th@ate traffic model implemented within this
thesis. The application of the space analysis niadedpproach described above to city wide
cycling networks addresses a number of shortcomeaigthe existing body of research
undertaken in this field. For example, Cahill arar &k (2008) concluded from their limited
study that space syntax was potentially well suttedbicycle network planning. They did
suggest that large variations in quality across risvork may necessitate the need for
additional ‘weighting’ data to improve the modelsrformance and that this should be
supported by modelling in a selection of urban siteavalidate the approach further, however
their study stopped short of developing such waightmethods. lacono (2010) provided
guidance on measuring non-motorised accessibility saiggested that information required
to comprehensively undertake such research included

e travel survey data to provide travel behaviour&drimation;

» detailed land use data at high resolution;

* GIS layers to represent travel networks and norenssd infrastructure;
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* identification of impedance functions for non-mated modes and destination types
using time and distance from different sources.

The combination of the spatial analysis model andstjionnaire undertaken in this thesis
provided solutions, at least in part, to each es#&hpoints. Spatial analysis modelling provides
a unique opportunity for modelling accessibility @yclists in that it allows cycling networks
to be presented at an urban scale whilst consglemwery route within the network. Typical
modelling networks are coarse, following cyclistigaonly, or data is aggregated within zones
which can be too large to allow representationhairistrips (lacono, 2010). Cycle trips can
often be short enough to take place within one zmma more traditional model which would
therefore exclude the trip from being recorded (Ban et al., 2008). The spatial analysis of
cycle networks demonstrated in this thesis reptesahelements of the cycle infrastructure
including dedicated cycle paths and lanes, recordetmoutes, or roads with no specific
cycling provisions, and as such addresses the magldimitations described by lacono

(2010) and Berrigan et al. (2008).

At present the main limitation for further develogmb and application of the spatial analysis
model for cycling networks is a lack of availabktalto fully validate the model for cycling
flows. However, the research undertaken has dematedtthat space analysis modelling is a
valid approach to investigating the developmentmodification of cycling infrastructure at

an urban scale.

10.3 The potential for combined motor traffic and gcle urban scale spatial analysis

modelling

The spatial analysis model has been used to deratsshe potential to investigate how

relative flows of both cyclists and motor trafficeaaffected by the possible modification of
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infrastructure for each mode. Results indicated wWieen an individual road with moderate
connectivity was removed from the motor traffic wmetk and was therefore no longer
available for vehicular traffic, theelative integration values of adjacent routes increased
which, based on the results of the validation efriotor traffic flow model described above
indicates that increased levels of motor trafficevikely to occur on adjacent roads. The
model therefore predicted that removal of availgbdf this road forced motor traffic to take

adjacent alternative routes to reach their destinat

An assessment was also made of the impact thatohisclosure may have on relative cycle
flows. Route weighting factors were used within¢lyele network integration map to increase
the appeal to cyclists of the road closed to vdarctraffic. Following weighting the
integration map indicated a significant shift datere cycle flows onto the motor traffic free
route (Figure 62, Section 7.3). The result showsthaking a key core route motor traffic free
had more of an impact on the shift of cycle flovarthby increasing connectivity on minor
routes (Figure 63, Section 7.3). These hypotheteamples indicate that one major
infrastructure change for both motor traffic anctlssts could potentially provide a better
investment opportunity than making numerous snaihection changes. However, the level
of financial investment associated with these ckamvgould obviously have to be considered.
The spatial analysis model could be used to ingatithe difference in impact of making
connections between existing major cycle routes @mparing these with an alternative
scenario of building a new off road cycle path.sTdemonstrates how the spatial analysis
model could be applied in a real world situatiorevéhlocal authorities have limited budgets
to spend on improving cycle networks and have t&er@oices between different options.
The impact of making numerous small connectionkiwia larger cycling (and motor traffic)
network can be investigated using the model, ahgvimvestment to be targeted to where it is

likely to be most effective.
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The ability of the spatial analysis model to invgete the impacts of modifications to the
transport network for both motor traffic and cydlews is potentially extremely useful,
particularly at the early planning/scoping stager &xample, the model could be used to
assess the positive/negative impacts on both nmudéirc and cycle flows when closing a
series of city centre roads to vehicles, or incaapng a dedicated cycle lane by reducing road
width to vehicles, which could be represented tglhoa reduction in the weighting factor
within the motor traffic flow model i.e. making thiead less attractive for vehicular traffic.
The demonstration indicates that not only is thel@ehcapable of assessing the relative flows
along the routes directly affected by the chanigesthat it can also represent changes to flows
in adjacent roads and areas caused as a resuitestedl motor traffic or as a result of the
route becoming more, or less, favourable. Whilgt taview of literature in the area has
identified the use of space syntax to model motdfit flow, and limited research on using
space syntax to model cyclist flows, the authorasaware of any space syntax based models

capable of representing the interaction betweeh gathis manner.

It can therefore be concluded that the model islokgof representing the potential interaction
between motor traffic and cycle networks, althougl axial maps have to represented,
modified and modelled in different layers in GI$atsent. Recording and analysing existing
cycling and motor traffic infrastructure within op&atform would be beneficial to the overall

planning process. The combined GIS model could dexllas a collaborative method for
sharing data including cycle flows, motor traffiotbpot data and other relevant information
for cyclists such as accident rates. The overallehwould be a useful tool as the impact of
changes to both networks can be modified quicktydifferent options can be run to identify

where changes will have least/most impact depenaimthe change required, and there is a
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significantly reduced data requirement to achidvie tompared to conventional transport
models.
10.4 Investigation of individual cycle routes usig the spatial analysis model

and factors influencing individual route choice

Being able to identify choices made by individugtlcsts would be a very useful modelling
feature, for example to improve facilities availabt areas of potential high modal shift and
to reduce the need for real flow data. The spahalysis model was not specifically designed
to predict the routes of individual journeys, hoeevan assessment of the models ability to
predict individual journeys was made to investigabether it is a realistic goal to use a space
syntax based model in this way at a city/regionales Section 9.2 describes the results gained
when the model was used to compare model predastddactual routes taken by individual
cyclists. The model was used to predict the masictiroute between the start and end point
for journeys made by cyclists who believed thaythempleted the journey using the most
direct available route. Results showed that on 26 the journey taken by cyclists accurately
matched in their entirety the most direct routegkted by the model (Table 17, Section 9.2).
This indicates that although a large proportiomaflists believe they choose the most direct
route this does not appear to be the case for M¥esample. It was found that the model
was less reliable in predicting journeys alongrotid cycle routes. Off-road routes are often
less direct than other possible routes along raaus,can include more changes in direction
which creates less integrated routes as identifiedpatial analysis procedures. From these
findings, together with detailed comparisons of tinee spent on different routes between
actual and predicted journeys (Table 18, Secti@h .can be concluded that that even when
cyclists believe they take the most direct routedmplete their journey, in the majority of
cases they do modify their journey to use addili@yaling facilities such as on-road lanes

and off-road paths, or to avoid particular areasgieed to be less favourable for cyclists,
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such as busy junctions. This provides additiongpsut for the route weighting method for
the cycling integration map and particularly thétsh relative flows when isolated key routes

are closed to motor traffic as illustrated above.

Of the sample surveyed, 75% of those who belieliatithey took the most direct available
route in fact did not. This result highlights alplexm that can only be partially addressed using
the route weighting facility previously describedigresents a potentially significant problem
when trying to predict specific routes taken byiwdlal cyclists. Any model that aims to
predict individual cyclist movements needs to ipoovate a greater understanding of the
factors that, either consciously or sub-consciquaffect choices made by cyclists when
selecting their journey route. A greater understamaf cyclist behaviour and factors that

impact on this behaviour is therefore required.

A questionnaire was distributed and analysed tngit to understand cyclist behaviour and
to evaluate the use of existing cycle networksudiclg why people make the choices that they
do when cycling, and to identify the relative imgamrce of different factors in the decision to
undertake a journey to work by bicycle or other ngealhe results provided insights into
factors that could be used to encourage more peogigle to work and could inform future
efforts to model cyclist journey routes. Resporedbe questionnaire provided evidence that
the distance travelled by cyclists provided sigmifit scope for increasing modal shift, with
over 80% reporting that they travel less than ®sib work which is considered a reasonable
distance to travel, with 64% of the population &lling less than 10km (6.2 miles) to work in
the UK (ONS, 2014). This was supported by respotsdeanfirming that 76% of journey
times by bicycle take less than 30 minutes comper&d % of journeys by other alternative

modes, illustrating that there was a time benefitat least a perceived time benefit, when
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travelling short distances by bicycle. These respovided support that there is potential for
modal shift if appropriate cycle facilities are &ed in high impact locations.

Only 35% of respondents stated that a shorter rmuteork was important in making the
decision to cycle to work. Therefore 65% of resporid would be prepared to increase the
route length to deviate to a more attractive, sedate. This provided further weight to the
modelling evidence described in the previous sadtiat identified that 75% of respondents
who believed that they cycled along the shorteatlavle route did not in fact do so. Tilahun
et al (2007) found that cyclists were preparedytdeclonger distances to avoid unsafe routes.
80% of respondents agreed that safer routes wowloueage them to cycle more often. Jones
(2012) reached the conclusion that proximity to endtaffic free facilities appeared to
increase awareness of opportunities for traffie frgcling but found that levels of cycling had

not increased since the traffic-free interventiad been completed.

Exposure to motor traffic was found to be a keydathat influenced the route taken to work
by bicycle. This was supported by 90% of resporsitadling that they were at ‘moderate’ or
‘much’ risk from cars and vans during their journeyth dangerous junctions perceived as
the second highest risk. Risk related factors leaggong bearing on route choice and it has
been found that reductions in risk are highly vdlly cyclists (Hopkinson et al, 1996).
Hopkinson (1996) found that significant reductiamgisk were more achievable than large
time savings and it was contended that reducikgwess a much more important stimulus to
cycling than reducing journey time. This is suppdrby the research undertaken in this thesis
as it demonstrates that routes chosen are notsedgshe shortest. A number of options
exist if trying to minimise the perceived risks @gated with the interaction between cyclist
and motor traffic, therefore increasing modal shiftluding the complete closure of selected

routes to motor traffic, reduction in motor traffiolumes, or reduction in the speed of motor
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traffic. The impact of such changes could be detethat a scoping or planning stage using

the space syntax model demonstrated in this thesis.

Results from Categorical Regression Analysis (8ac®.3.6) indicated that there were more
opportunities related to route characteristics tbatd be influenced by infrastructure changes
for occasional cyclists than for frequent/everydgglists. Average journey time, time spent
on quiet roads and lack of dedicated cycle lanae Weeind to have the strongest influence on
this group compared with other cyclists, and assocte infrastructure modifications and
connectivity improvement particularly could havgraater impact on modal shift within this
group who have greater scope to cycle more oftatedorical Regression Analysis indicated
that not all cyclists had similar feelings abou¢ giroblems and benefits associated with
cycling, and this may have implications on targgtfacilities and policies. The analysis
demonstrated that it is important to understandenadmout what motivates different groups of
the population for different modes. Those who atkng to cycle are not a homogenous group
(Gatersleben and Appleton, 2006) and as such @vmskages of measures rather than one

option are likely to be more successful in increggiycling levels.

The questionnaire survey was very much designeghtioer basic behavioural information.
Having completed this thesis, it is clear that Hart information would be of benefit,
particularly when further developing the route virigg methodology during any future
validation of the cycling model. The collectionfafther information on preference towards
different cycling facilities would be beneficiabrf example, on-road/off road facilities and
what specific infrastructure features on their eotat work encourage or discourage to choose
a particular route, for example, number of trafights, parked cars or pleasant scenery. In
addition to a more specific survey of infrastruetpreferences, a greater understanding of the

motivational triggers which might lead to modalfshiould be beneficial. Spatial variations
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in the decision to cycle including psychologicalltaral and social factors together with
environmental influences such as land use mix aistieg transport systems (Jones, 2012)
means there is a need to broaden the depth ofsasitdyinclude both the physical environment
and the psycho, cultural and social aspects. Behealiassumptions are often borrowed from
research focussing on other areas which may béiserte contextual conditions, particularly
weather conditions (lacono et al., 2010). Theseslmeen acknowledged within this research

to some extent through the inclusion of three Utiesiwith different contextual situations.

The response rate of survey was relatively high watgeting of cyclists at their place of work
being particularly successful and the data gath#redfore contributes to current literature
on route choice and cyclist behaviour. The sampkand questions were limited due to time
and financial constraints of the project but wedecuate for the level of analysis required.
With regards to inclusion of the map for the idkcdition of stated preference of route within
the survey there is some question over the religlof the results, particularly as such a high
proportion of respondents believed they took thertsist route. Even though accuracy of
predicting individual route choices could be quastd, this exercise did reveal an interesting
insight into the perceptions of cyclists and thates that they take. The fact that a large
proportion of the respondents believed that thek thhe most direct route, even though the
majority in fact did not, suggests that there ikigh degree of either conscious or sub-
conscious route modification taking place amongstists. Care needs to be taken with the
ability of respondents to complete the survey may expected. It has been suggested that
the more information provided to the respondenareigg the aim of the survey the more
statistically relevant the results will be (Rosd &lemer, 2008). Stinson and Bhat (2003) and
Ortuzar and Willumsen (2001) highlight the impodearmf the timing of such as survey noting
that responses can be very different at differeme¢$ of the year, therefore travel data should

be collected all year round. Stinson and Bhat (28@3nd that responses during the summer
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were focussed more on the built environment wimishe spring more emphasis was placed

on the weather. Therefore biannual surveys mayihtanore balanced set of results.

10.5 Benefits and shortcomings of the spatial anais model

It can be difficult and costly to obtain the volurmed detailed level of data that is necessary
to allow accurate predictions to be made by a mdded time and the data needs required to
‘build’ an axial map is small compared to typicarsport models (Barros et al, 2007), and
this represents a real benefit to potential usktiseotechnique. Ratti (2005) suggested that an
increase in the ability of computer techniques aegburces would enhance the ability to
explore urban texture. However, this developmem¢a@hnology needs to be supported by the
availability of real data to calibrate and validatedels and to provide a better understanding
of conditions encountered (Antoniou et al., 2024).increase in computational power cannot
replace a minimum baseline of data on which theehouust be validated. Most traditional
transportation models are based on large volumewxigin and destination data that also
require detailed data on trips, but this collectbdata for a specific location is rarely repeated
(Cahill and Garrick, 2008). As indicated by Calitid Garrick (2008) and from motor traffic
validation work undertaken in this study, data ection points should be located on a broad
range of routes and at appropriate locations wpiolride an extensive data set that could be
used to correlate with data obtained from the iratégn maps and transport models in general.
Research in this thesis has demonstrated, thrauglvdlidation of the motor traffic flow
model, that relatively accurate predictions caadigeved using a limited amount of data from
a broad range of data points consistent with reutmotor traffic modelling undertaken by
local authorities across the UK. If the same ledfetlata could be collected for cyclists, the
model could be tested and validated in the same Wawever, the level of data available to

undertake this validation within this thesis was awailable.

Joanne Patterson 2014
274



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

As described in Section 5.2, the space analysisetsitiggled to produce good correlations
with motor traffic flow data where motor trafficoflv levels were relatively low. The low

number of journeys along relatively poorly conndateutes are likely to be associated with
the beginning or end of specific journeys, and effects of personal route choice become
more dominant as the dispersal effect associatégdhwgher motor traffic flows becomes less
influential. As such, these journeys become haeredict with accuracy using the existing
model. However, as motor traffic flows are low, ihgact on the overall accuracy of the
model is proportionally low, with the majority ofadelled motor traffic flows correlating well

with measured traffic flows. Future research cdudddirected at improving the method for
low flows, however, there will be a diminishinguat in terms of the additional effort required

and the corresponding increase in overall modelracy at an urban scale.

Limitations exist associated with the transfer&pitif models and data between countries, for
example, the transfer of the model QUOVADIS-BIKEaddished in the Netherlands based
on the Dutch cycling culture, which did not transfeell to the UK which has a much lower
modal share of cyclists (Cahill and Garrick, 2008).the UK, Europe and the US basic
information to implement the spatial analysis madefjenerally available, however results
may not be transferable to other parts of the wwHhdre appropriate software, basic GIS maps
and flow data are not available. This thesis hasatestrated through the incorporation of six
UK cities/regions that there is potential for replion across the UK and to other countries

where similar data sets are available.

Chen (2008) found that the journey to work is caamptombining a number of activities and
that the complexity of journey influences mode ckoiA broad set of issues that have been

shown to impact on route choice including aestketjiality of routes etc. are difficult to
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incorporate into spatial analysis modelling as theyary along axial line, 2) vary on a short
term temporal basis 3) are subjective (Ratti, 2084)the aim of this model was to provide
an urban scale model designed for the initial plagrstage the necessity to include these
highly variable features was considered to be datsf the scope of the current research. The
large data volumes associated with more traditjatethiled models would arguably allow for
at least the partial inclusion of such factors whignailed investigations are undertaken

following this initial scoping stage.

As with all modelling, opportunities for error ekiat different stages of the process, for
example, during collection and analysis of data #redcreation of axial maps or may be
inherent within the process due to variable datalahility for different time periods and over
different spatial scales and places. Ratti (200#icised space syntax stating that small
configuration changes, implemented through humaerpretation, were found to be
significant for small spaces and could impact enrdpresentation. This is likely to be diluted

on urban scale, although further evidence is reguio support this.

Practitioners are primarily looking for improvemenib conventional models to answer
existing questions (McNally and Rindt, 2008) rattiean develop additional skills using new
models. The spatial analysis model uses a commoséyg GIS package, Mapinfo, and
Ordnance Survey maps which would be familiar techmician involved within the planning
process within a range of sectors within a loc#hauxity. Cahill and Garrick (2008) stated that
creating axial maps for extensive networks canmb@a@uous’ task. However, the process of
creating an axial map at a city wide scale is gahea desk top exercise, particularly with the
availability of online mapping facilities such as@glemaps. It is estimated that an urban scale
network for a typical UK city may take two to threeeks to create by someone with basic

Maplnfo experience and an understanding of thewityer investigation. However, once the
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baseline map is created, updating the axial malp meétv or modified roads or routes takes a
few minutes by adding or removing axial lines, otgmtially by modifying weighting factors.
Overall, a balance needs to be reached betweenaagcand time involved in creating axial
maps and spatial analysis models as a whole. Fuwibré could be undertaken to analyse the
difference in interpretation of spaces between ggpemcluding how they are modelled using
space syntax and also create clearly defined ieritdrerever possible to remove the potential

for uncertainty.

The ability to represent movement in and out gbace has been alluded to within previous
space syntax research, particularly on an urbde.doaan analysis of small urban areas Ratti
(2005) used some selection of boundaries but thhade used were not explained. Ratti
(2005) went on to say that a more precise methodeghting could occur during the
integration process which includes a decay fundiorepresent adjacent urban spaces. The
methodology presented in this thesis includes saichoundary weighting through the
incorporation of connections and levels at clasdifocations at the boundary of both a sub-
area and city scale. This weighting method wasessfal at the sub-urban scale, providing
strong correlations between integration valuesraatbr traffic flow figures. At the city scale
the correlation was not as successful, partially tuthe limited impact of the edge effect on
such a large axial map, and partially due to paaedimitations with the number of
connections and levels within the spatial analysadel that has been developed. Future
development of the space analysis methodology dhmdlude a re-evaluation of the
algorithms within the spatial analysis model towalla higher number of connections and
levels, as this is likely to enhance the poteritiathe boundary weighting to be successful at

the city/region scale.
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10.6 Potential application of the spatial analysimodel

Typical motor traffic models require vast amountata and preparation time whereas space
syntax requires only a validated configurationabpnBarros, Silva, and Holanda, 2007) as
described within this thesis. Hensher and Butt@98&} stated that many models are static and
that they do not consider the knock on effect betwgeriods. This spatial analysis model is
iterative in that any changes made to the axial caaybe used in all future calculations unless
they are removed and the model is re-run. The medkkrefore relatively simple to produce
and flexible enough to incorporate planned modiifores to the infrastructure and is therefore
considered as an ideal platform on which to ingesé the impacts and effectiveness of
various transport network options at a scopingestatpwever, as with any iterative process
model parameters need to be supported by long stuches to ensure that changes are

reflected within the model.

The model could be used to demonstrate any fulhmages to the connectivity of the motor
traffic and cycle network. For example, it couldused to investigate the addition of a new
mixed use estate developed at the edge of a cdytla impact that this might have on
movement patterns within both the local and broadean area. This approach has been tested
in the area of Brgset in Norway by Manum and Naaast(2013) using the Place Syntax tool
for pedestrians where accessibility mapping has lnsed to look at accessibility to schools.
Basic investigations found that schools were poadgessible in the area of Brgset and that
this should be improved to encourage a ‘carbonraksgettiement’. Button and Hensher
(2008) pointed out that restricted access acros$ighy owned land such as schools and
hospitals reduces connectivity in cities. By fingliways to open up these spaces without
compromising on security, places can become mareeaxed for relatively little investment

and these opportunities could be investigated byrtbdel. A recent gating policy introduced
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in the UK (Clean Neighbourhoods and Environment, R005) to reduce crime such as fly
tipping, burglary and anti-social behaviour hasucetl connectivity in urban spaces. Land
ownership of lanes and alleyways together with s&tawvs would need to be investigated but
opportunities for potential increasing connectiwityuld be identified. However, Jones et al.
(2012) has found that the common assumption thatidoply providing activities close to

homes along highly connected street network witloemage walking and cycling is tenuous
and that increasing connectivity alone is insudiiti to increase modal shift. Those who
currently cycle do so regardless of urban condgtionconstruct their own routes to access
their destination. Research by Jones et al. (20ti)ates that more attention should be given

to improving the quality of main roads and junctda increase walking and cycling.

The spatial analysis model can be linked to otherdets such as the Energy and
Environmental Prediction (EEP) model which includéiser sub-models incorporating data
on buildings, health and air pollution (Jones et2000; Jones et al., 2007). The motor traffic
and cycle flow model could be ‘plugged’ into theFEEEodel and linked to ADMS Urban data
contained within this model, allowing for assocthtamissions to be predicted at a postcode
level. Collation with other tools such as Residaninvironment Assessment Tool (REAT)
which provides other measures of urban attractoalso possible which would enable a

broader range of potential weighting factors taibksed (Cardiff University, 2013).
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Chapter 11: Conclusions
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11.1 Conclusions

The aim of this study was to investigate the paa¢td model motor traffic and cycle flow at
an urban scale using spatial analysis techniquas swidentify routes within a city that could
be targeted to improve accessibility for cycligtserefore encouraging modal shift. The

conclusions of this research are presented below.

It has been found that the creation and utilisabibspace analysis axial maps represent a time
and resource efficient, flexible approach for reprging a complex transport network at an
urban scale. The basic axial map of an entire neork for a city can provide the basis for
a range of possible modelling tasks, which candsembled by a non-traffic modelling expert

within 2-3 weeks using commonly used IT and mappéespurces.

Identify, test and improve the spatial analysis moel for aggregated motor traffic flow at

an urban scale

A review of potentially useful modelling approacheas undertaken to identify a suitable
spatial analysis model that quantifies relativeels\of motor traffic flow for an entire road
system for a city or region, including both locabastrategic roads, that requires as little data
as possible, whilst providing meaningful and usefutbuts. Space syntax was selected as an

appropriate approach based in the commonly usedMaf8nfo.

During the testing process it was identified thatmost basic motor traffic flow data available
was not sufficient to validate the motor traffioit spatial analysis model, principally because
the dataset itself was limited it did not repredéetfull range of road types and motor traffic

flows that would be expected within an urban envinent. As such a greater level of motor
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traffic flow data was required in order to validaite space analysis model for motor traffic

flow.

An increased data set to represent a wider rangeotdr traffic flows and road types greatly
improved the correlation between motor traffic floata and integration values when non-
isolated areas were considered. However, when ev&a@streated in isolation the ‘edge effect’
created when the model did not allow for motorficatrossing the boundary of the modelled
area dominated model calculations to the extertttha improvement in model correlation

due to the improved dataset was no longer evidédrdrefore a method of compensating for
edge effect was required to allow for motor tratfictering and leaving the modelled area,

with the aim of further improving the correlation.

Radius integration that allowed local movementdbeoreflected in the integration values
resulted in the correlation between average hotmdyfic flow and radius integration
calculations being weaker than the global integratialculations used in the standard space
syntax model. This was true both for level 3 an@l& radius integration. Whilst it is possible
that utilising much higher levels for radius intagon may have improved the performance of
the method, this would negate the value of the otkth representing more local movements.
Radius integration was therefore not considereapgpnopriate method for modelling transport

networks at an urban scale.

Boundary weighting, when considering smaller, isadaareas, was demonstrated as a valid
means of representing the movement of motor tratioss the area boundary and can be
applied when modelling small sub areas of the udanronment where there is little or no
data for the area outside that being modelled Hewecorrelations between integration

values and motor traffic flow were only marginailtlgproved at a city scale when boundary
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weightings were applied, and it can therefore belumled that currently the additional effort
of undertaking the boundary weighting methodologanrot be justified by the small

improvement in correlation values obtained whersaering the city wide area.

Road weighting, based on national road classibcatnas been demonstrated as an effective
weighting methodology at a city/region scale arloves the model to represent higher motor
traffic flows on routes that are designed to cdmigher motor traffic loads and are therefore
more attractive to drivers. The relatively simplessification upon which the best performing
road weighting method is based meets with the dvemadel aim of being relatively
straightforward to implement. In theory, it woul@ Ipossible to represent other specific
features that encourage or discourage motor trdlifivs, however, this would require
significantly more data to be collected, which nmay be practicable at an urban scale, and
would require that the model is updated on a regoésis to reflect minor infrastructure

changes.

By applying the space analysis modelling methodpkmtd the weighting methods developed
to other urban areas, it has been demonstratedhinatire transferable to other urban areas
and can be implemented using readily availablel$eoaggregated motor traffic flow data.

This therefore satisfies one of the initial objees of the model.

Evaluate the potential for transferability of the gatial analysis model for aggregated
cycle flow and motor traffic flow

Relatively minor modifications to the spatial areatymodel can be made to include additional
routes available to cyclists, such as off road e€yaths, routes through open spaces, or links
between ‘dead end’ roads. The space syntax methodtlerefore provide a functional

platform to investigate the existing or potentiallisation and effectiveness of cycle network
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provisions which can demonstrate the shift of getbcoutes up the cycle route hierarchy on
a city wide or sub-area basis with relatively dittime and resource input compared to

traditional transport modelling techniques.

Identify the potential for the model to illustrate the impact of change in infrastructure

on relative flow of motor traffic and cyclists

A single spatial analysis model is capable of repnéing the potential interaction between
motor traffic and cycle networks, although the axmaps have to be represented, modified
and modelled in different layers in GIS at pres&#cording and analysing existing cycling
and motor traffic infrastructure within one platiowvould be beneficial to the overall planning
process and the combined GIS model could be usedllaborative method for sharing data
including cycle flows, motor traffic hotspot datadaother relevant information for cyclists

such as accident rates. The overall model would bgeful tool as the impact of changes to
both networks can be modified quickly and differeptions can be run to identify where

changes will have least/most impact depending @ dmange required, and there is a
significantly reduced data requirement to achidvus tompared to conventional transport

models.

Identify whether individual cyclist movement can bepredicted by the model

Investigations of the routes travelled by individagclists indicated that, even when cyclists
believe they take the most direct route to completé journey, in the majority of cases the
route taken does not correspond to the most dioete calculated by the model. Whilst this
indicates that the modelling method is not appadprior predicting individual routes, it does
provide the useful conclusion that cyclists do mtheir journey to use additional cycling
facilities such as on-road lanes and off-road path& avoid particular areas perceived to be

less favourable for cyclists, such as busy junetidfurther, detailed investigation of cyclist
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behaviour is required to fully understand the megra through which cyclists choose the

specific routes taken on routine journeys.

Investigate the factors that influence cyclist behaour to evaluate use of existing cycle
networks

Analysis of the factors that influence differenbgps of cyclists suggest that different factors
influence them to cycle. Results indicate thatéhsere more opportunities related to route
characteristics that could be influenced by infiatuire changes for occasional cyclists than
for frequent/everyday cyclists. This is the grobptthave more capacity for modal shift and
are likely to share similar feelings to non-cydistho may consider utilising a bicycle for
their journey to work. Average journey time, tinpeat on quiet roads and lack of dedicated
cycle lanes were found to have the strongest infla@n occasional cyclists, and as such route
infrastructure modifications and connectivity impements could have a greater impact on

modal shift.

Spatial analysis modelling at an urban scale

The thesis has tested a software package for apiphs that it has not been used for
previously and validates the software against nredsdata for motor traffic and against
another traffic model. The space syntax modell@aiphique used was novel in that it is based
within a commonly used Geographical Informationt8ys(GIS) desktop software, Mapinfo

. This software package is relatively easy to isseapable of storing data for all roads on a
city or regional scale, data can be displayed sigreadsheet or in map form enabling clear
visualisation of results, is familiar to many loaalthorities in the UK who are the main
potential users of the model and is relatively ghteapurchase and can be used on any PC of
standard specification, therefore providing sigrafit support for a the requirements of the

research to provide a reliable scoping modelling.
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It has investigated the use of a spatial analysidehto predict motor traffic flow with a
relative degree of accuracy (comparable to otheatattiog approaches) when all roads within
a network are considered and has tested the deweldpof boundary and road weighting
techniques at a city/region wide scale. The resdaas shown that the road weighting method
was found to be the most effective at improvinggbgormance of the model at city/regional
scale for replicating aggregated motor traffic floMnis has been highlighted as the preferred
method that is transferable to other cities anddeasonstrated for four UK city/regions based

on data from a broad range of road types.

The method tested enables reliable real motordrédéiw predictions to be made quickly for
every road within a city and could therefore beduas a relatively quick to use tool to
investigate changes to the network layout. Theeeforovel, data efficient approach to
modelling relative motor traffic flow on an urbacase has been demonstrated and validated
in this thesis. The spatial analysis model is néénded to replace traditional traffic flow
models such as SATURN as they generate outputhévat different uses, but can be used
as a precursor to test potential scenarios. lbeanmsed as a tool to test the impact of potential
infrastructure changes on motor traffic flow withedatively high degree of accuracy, using
commonly used software and short computational gipredicting flow on all roads in a
city/region. By combining the motor traffic and @pg models into a common spatial
analysis model, networks could be designed to parate bicycle use more effectively. In
traditional travel demand models, the share of ddecyrips is very small and so is often
ignored. However, the implication of cycle infragtture is significant on transportation
planning and without its incorporation into a maaistic planning approach, cycling as a
viable mode will not increase significantly. Thepoptunity to include both motor traffic flow
and cycling modelling at an urban scale withingpace analysis model could provide a way

forward for this.
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11.2 Future research and recommendations

As a result of the research undertaken withintthesis a number of suggestions are made for

future research.

Whilst it is difficult to accurately monitor cycltow rates across a wide range of network
routes, further research into low cost methodsctmiately record cyclist movements across
the network should be undertaken. It was not ptessibvalidate the cycling model within this
study as cycle flow rate data was not availablesftirer dedicated cycling infrastructure such
as off road tracks, or on the general road netwinks data would be valuable in determining
baseline cycling levels prior to infrastructure ©as, and would allow the validation of

models such as that developed in this thesis.

Many assumptions are made during basic space spnt@edures as all space is treated as
equal, for example, gradient, quality of surfaceroad parking and safety issues are not taken
into account. At present, weighting factors invgstied within this thesis, including the most
effective method of road weighting, is only capatifi@ccounting for road characteristics that
are fairly consistent through time and across spaceality, however, the factors that could
potentially affect motor traffic flow may vary ovehort time periods or over small distances,
such as the reduction in useable road width ansti@et parking and other temporal variations
and their impact on bicycle usage and safety cenaimns (Stener et al, 2009). Modifications
to the weighting factors would be required to eaabfferent temporal or small scale spatial
changes to be accommodated within the model. Howat/an urban scale, although valuable,
this would be difficult and time consuming to ctdlaappropriate information whilst
maintaining unambiguous, quantitative methods follatbon and replicability in other

geographical areas. Further research into the paltefincorporating this fine detail without
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adding significantly to the data collection processy improve flow predictions at this finer

level.

The model was limited in its ability to predict roottraffic flows on minor roads with
relatively low vehicle movements, primarily becausese journeys are more origin/
destination orientated, subject to greater infl@ssigpersonal choice and with less opportunity
for these effects to be averaged out with highetomivaffic flow. Whilst the effect was not
significant at an urban scale, it could be sigaificif the model were to be used to investigate
an urban area dominated by low motor traffic flowarther research into methods to more

accurately accommodate these low flows into theehskould be undertaken.

The spatial analysis model could be linked to otlvban scale modelling tools designed for
collecting other relevant data such as the Resmldatnvironment Assessment Tool (REAT)
which captures contextual data on the quality ef bhilt environment (Cardiff University
2013; Dunstan et al., 2013; Thomas et al.,, 200His Tool collects neighbourhood
attractiveness data at a postcode level for factoch as natural elements, defensible space,
territorial functioning and physical incivilitiesome of which are relevant issues that could
be considered attractive or unattractive to cyxlish their chosen route to work. These
characteristics could be used as weighting factadlected for every space within the urban
environment. However, if data is not available teight every axial line, the data would not
be able to be used as weightings would not be caabfea Further research into how the space
analysis model developed could be integrated vihkramodels could result in greater overall

value being achieved.

The ‘install it and leave it approach should nettaken when developing cycling networks.

Some pre-test and post-test experimental desigualmate the impact of interventions which
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target utilitarian cycling would provide evideneethe impact of a change in accessibility on

the use of bicycle for commuting (Handy, 2005).

Whilst this thesis has identified the broad factbiest affect some of the choices that cyclists
make, this is a complex research area that warfarniser work as ultimately, it is only
through understanding and influencing these detssitbat modal shift on a significant scale
can be achieved. Further survey work could incladengitudinal study of the same sample
of respondents to illustrate travel behaviour atitldes over time as previous response rates
were high and the survey was not too onerous wilgtining satisfactory levels of
information. This type of study has been advoc&edransportation studies by (Kitamura,
2008) who states that direct change can be obsaxgether with opportunities for coherent
forecasting and dynamics in travel behaviour. Faiturveys could be web-based allowing for
faster data collection and processing and mapidiketo be directly linked to online maps.
New technologies such as Global Positioning Syst{@®S) have been used for a number of
studies to monitor accurately routes taken sudraach et al. (2010) and McNally and Rindt
(2008). The equipment required tends to be expenghich would limit numbers that would

be included within any future survey work.

There is a general lack of valuation studies indhié environment as a whole and particularly

a lack of attention to the appraisal of cycle fiie# with investment decisions rarely based on
empirical evidence. Utilisation of the model to e&ss connectivity of existing and planned

cycle routes in cities to identify where best toedhte financial resources should be combined
with financial analysis such as the model develdpe&ener et al. (2009).

Accurate monitoring of cycling levels is very ddtilt and is very costly over urban areas.

However there is a need to monitor the impact efithplementation of cycle facilities to

provide evidence that the installation is havingpaitive impact, or if users are not satisfied,
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changes that can be made to improve facilitigs.rkcommended that flow prediction models
are not an alternative to desk top and field wark would work alongside data that can be
obtained from alternative sources in order to pfexas much assistance as possible in making
infrastructure changes and locating facilities e most appropriate places to achieve an
increase in modal shift from car to bicycle. Engagat with cyclists is very useful; however,

it is very temporal and dependent on the respostatittudes and the factors which influence
them, which can be many and varied. It is also weng consuming. Google maps has made
obtaining data from site much easier from the deskever there will always be the need for
clarification of more unusual situations during ite svisit. Therefore a combination of

information sources is required.

Following this research it is recommended thatriooerage significant modal shift motor
traffic free routes should be located on routestified to be most integrated by the spatial
analysis tool. Clayton and Musselwhite (2013) aonéd that to increase cycling in the short
term a focus on improving safety of the network anaviding high quality cycle lanes and
routes for all users should be taken. Parkin (2@818pests that the ideal urban configuration
combines reduced cycling distances which reducesiqdl effort whilst providing an
appropriate level of safety, which includes datawlihe origin and the destination together
with the detail on the route between them. Theigbanalysis model would allow for
investigation of the impact of making current kegtor traffic routes cycle only. Jones (2012)
has found that urban traffic-free cycle routes alappear to be insufficient in encouraging
modal shift from car to bicycle for everyday praatijourneys on the existing National Cycle
Network but demonstrated that there was a highterafcycling for all journeys in the area
where the intervention had been implemented whighldc be attributed to a range of
environmental and socio-psychological factors. Gyglsurveyed within this study were keen

to see supportive on-highway measures along thstirgiroad network which connects them
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to everyday activities. Findings suggest that abnated approach to promote cycling is
required which should include segregated cycldif@és along main urban street corridors to
advantage cycling and reduce car convenienceallitidings from a pre and post study
following the construction of new infrastructurepst of the Connect2 initiative indicate that
more connected local routes have generated new ligpGoodman, Sahigvist and Ogilvie

(2014).

An allocation of motor traffic free segregated esutfor cyclists would follow the
economically driven approach carried out during 18&0s in UK where city centre motor
traffic routes were pedestrianised to stimulatepgimg. In this case the allocation of key

routes to be motor traffic free would be drivendmywironmental reasons.

The research within this thesis supports the recenaation that to increase cycling and
walking at an urban scale integrated policy is megliwhich should include change to the
organisation of the built environment, to make asd® common facilities easier by foot or
bicycle (Pooley et al., 2011). It is essential fhatcy for encouraging modal shift is developed
further in order for progress towards carbon redadiargets. Pooley et al. (2012) have argued
that the overall contribution of modal shift torisport related emissions is relatively small,
however gains to personal health and local enviemtnare likely to be significant which
supports a cross policy approach to the problemaaadikely to have more far reaching

impacts with regards to overall social, economid anvironmental behaviour.

Urban design can have a significant impact on meldt and there is a need to modify the
existing urban infrastructure to encourage this ahstift. This change needs to be supported
by evidence of where modifications should take g@lacd the impact that can be expected in

order to prioritise the location of bicycle featsiia a way that can be presented clearly to all

Joanne Patterson 2014
291



Urban Scale Modelling of Traffic and Cycling Flovsidg Spatial Analysis and an Assessment of Fatiatdnfluence Cyclist Behaviour

stakeholders, including planners and the genel@diqQuBy bringing cycling and motor traffic
analysis together at the planning stage a cohsetwof sustainable transport recommendations

for planners would be possible.

It is recommended that models need to be suppbstelid and reliable data sets which are
multi-disciplinary. By combining models very usefatoss disciplinary tools would be
produced that would enable sharing of reliable data. For example, data sources such as
land use data, the quality of the built environmand air pollution could be linked to the
model developed which would help with understandimg interactions within a city and
providing a holistic tool to inform policy makin@his would also remove duplication of data
collection and analysis work. The combined modelMacallow practitioners to evaluate
options for implementation of small scale infrasttme changes to increase accessibility for
cyclists. The model has the potential to providecas for joined up thinking between sectors

in local authorities.
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Appendix 1

Global integration maps for cities/regions within the validation of
traffic flow model
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Appendix 2

Global integration maps for cities within the cycling
investigations
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Appendix 3

Cycle to work questionnaire



>~ DO Yyou cycle to work? | x>
Every day? A couple of days
/ each year? - /

If you cycle at all, we need your help!

Please complete the following questionnaire.
One lucky respondent will win a quality gel saddle
worth £50!!

Transport problems are becoming increasingly important in people’s everyday lives. The problem is strongly
influenced by whether people choose to travel to work by car, public transport or bicycle.

We are carrying out a research project at Cardiff University looking at what affects peoples decision to cycle to
work. We would therefore like people who cycle to work to complete the following simple questionnaire to
help us with our work. The study will help planners and designers to improve the routes cyclists use.

Responses are very important as they may affect future policy decisions. A freepost envelope is provided to
return the questionnaire.

The information that you provide will be treated in strictest confidence and will not be used for any purposes
other than this research. Please let your colleagues and friends who cycle to work know about the survey. You
can either photocopy the form for them or they can obtain a form using my details below.

Please help our project be a success and be in with a chance of winning a new comfy saddle.
Fill in your questionnaire as soon as possible and return it in the freepost envelope provided.
If you do not have an envelope you can send it to me at:

Joanne Patterson, Welsh School of Architecture, Bute Building, Cathays Park, FREEPOST
SWC0317, CARDIFF, CF10 3NB

If you have any questions please do not hesitate to contact me at
e-mail Patterson@cardiff.ac.uk
or
tel. 029 20875977

CARDIFF

UNIVERSITY

Cardiff University in collaboration with Bristol City Council, Cardiff City Council,

PRIFYSGOL the City Council of York, Dawes Cycles, the AA, Sustrans and Halcrow.
(AERDY




. . Please tick one box in each line
1. Which of these best describes how often you
Every day A few days per week Once a week Less than once a

?
cycle to work week

a) In the winter (October to March) |:| 1 |:| 2 |:| 3 I:I 4
b) In the summer (April to September) I:I 1 |:| 2 |:| 3 |:| 4

Please put your answers in the boxes
a) Road name | |

2. What is the usual starting point of your
journey?

b) Full postcode if known | |

Please put your answers in the boxes
a) Company name | |

3. What is the usual end point of your journey?

b) Road name| |

. . . PI tick b I
4. What is the approximate distance from door to ease ek one box ony

door in miles? a) Less than 1 mile I: 1
b) Between 1 and 2 miles I: 2
c) Between 2 and 5 miles I: 3
d) Between 5 and 10 miles I: 4
e) More than 10 miles I: 5

Please put your answer in the box

5. What time do you usually start your journey?

Please put your answer in the box

6. What is your average journey time, in minutes,

by bicycle?

. Pl t inthe b
7. What is your other most common mode of ©ase put your answers in the boxes
transport used to get to work and what is the a) Mode of transport | |
average journey time in minutes? b) Average journey time | |

- . . . Please put your answer in all boxes that appl
8. Please indicate the approximate time, in puty s

minutes, that your journey by bicycle takes on the | & Cycle/pedestrian route (no motor traffic) | |
following: b) Cycle/bus lane on busy road | | 2

¢) Busy road with no cycling provision |

d) Quiet road |

. Please tick all that appl
9. For your journey do you have access to: I Py

a) A car/van E

[]

b) A motorbike/scooter/moped 2

[ ]
c) A bicycle I:I 3
[ ]

d) Public transport 4

. Please tick one box onl
10. In general how do you rate public transport as Very good Ouite good Quﬁe boor Very poor
a means of travel to work? (Please answer this

guestion even if you do not use public transport) I:l ! I:l z |:| ¢ |:| ¢

. Please tick one box on each line
11. To what extent do the following factors .
A great extent Moderate Very little Not at

influence the route that you take to your place of all

work. a) Exposure to traffic 1 |:| 2 |:| 2 I:I .
b) Gradient 1 |:| 2 I:I 2 |:| .
c) Cycle lane provision |:| 1 |:| 2 I:I 3 |:| 4

d) Other please specify | |




Please tick one box only
Yes 1

o 0

12. Do you take the shortest route possible to
your place of work when you cycle?

Please tick one box on each line

13. How dangerous are these other modes of
9 Much risk Moderate Very little Not at al

transport, to yourself, when you cycle to work?

3 4

a) Public transport

=

2 3

[ ]
[ ]
> [
[ ]
[ ]

b) Cars/vans

¢) Motorcycles 2

1 2 3

d) Other cyclists

1 2 3

00000
EEEE
EEEEE

e) Pedestrians

I
. Please tick one box on each line
14. To what extent do the following factors deter .

. . A great extent Moderate Very little N Il
you from cycling on any given day.

=3

t al

Qo

al

<

1

N
w

a) Weather conditions 4

1

)

b) Need to carry bag/
equipment

c¢) Dark mornings/
evenings

N

d) Multipurpose trip

N

e) Business travel
during the day

f) Other specify | |

mEln{nn
o000
OOoO00

[]
[]
I:l 4
[]
[]

Please tick one box on each line

Very important Quite Not very Not at all
important important important
2 3 4

15. Please indicate the importance of the
following in your decision to cycle to work rather
than use another form of transport.

[

N 000 0000000
0000 0000000
0000 000000
0000 000000

a) Shorter route

.
N
w
IS

b) Cost Saving

[
N
w
I

¢) Time saving

[
N
w
I

d) Health/fitness

.
N
w
IS

e) Varied route
f) Contact with nature

g) Environmental
benefit

h) Sense of
independence

[
N
w
I

.
N
w
IS

[
N
w
I

i) Relaxing experience

.
N
w
IS

j) Encouraging
employer
k) No alternative

[
N
w
I

[) Other specify | |




. . Please tick one box on each line
17. which of the following would encourage you

Great Moderate Very Not at all
m ?
to cycle to work more often? extent extent lttle
a) Decrease in road |:| 1 2 3 4

congestion

I

b) More expensive parking

I

¢) More expensive fuel

[ ]
L]
d) Road pricing I:I 1
[]
[]

IS

e) Better facilities for cyclist
at work

IS

f) Safer routes on/off road
(eg lighting)
g) Other please specify

O OO0
minnnnls
min[aans

. Pl tick b hli
18. To what extent does each of the following ease fick one boxon each fine

: M v Not at all
deter you from cycling more often? oreat oderate ery otatal

extent extent little
a) Journey length 1 2 3

I

D0000 000000
DoO00 000000
0000 0 000 OO0
0000 0000000

b) Hills

.
N
w
IS

c¢) Poor physical fitness

.
N
w
IS

d) Lack of dedicated cycle
lanes

[
N
w
I

e) Personal safety

.
N
w
IS

) Inflexible working hours

g) Need to carry baggage /
equipment

h) Need to dress
formally/appearance

[
N
w
I

.
N
w
IS

i) Need to combine journeys

.
N
w
IS

j) Weather

.
N
w
IS

k) Danger from traffic

[
N
w
I

1) Lack of support from
employer

m) Other please specify

Please tick one box on each line

19. Does your employer provide: Yes No

a) Covered parking

b) Secure parking |:|
¢) Other basic cycle parking

facilities |:|
d) A financial incentive to

cycle I:I

L] OO0

e) A bike loan




. . Please tick one box on each line
20. How much risk do you think you face from the e L
uc Ittie

following when you cycle to work? risk risk

<&
<«

N
w
I

Please tick the box on the scale which comes closest to your a) Motor traffic I:I E
opinion, where (1) means you think there is much risk, and 4 b) i q lluti )
means you think there is little risk. ) lliness due to pollution |:|

N
w
I

¢) Threat of personal |:|
attack 1 2 3 4
d) Poor condition of road |:|
surface : 2 8 4
e) Poor condition of cycle I:I
route ! 2 3 4

f) Conflict with
pedestrians

N

g) Poor night time
lighting on roads

IS

h) Poor night time
lighting on off road cycle
routes

N
w
IS

N

DO 00000 0od
DO 00000000

w

o) O OO o0 Do,

I

i) Difficult junctions

N
w
IS

j) Parked cars

N
w
IS

k) Bike theft

.
N
w
IS

O 0 O O

1) Other cyclists

m) Other please specify

Please tick one box onl
21. Areyou....? Y
Male

N

Female

L]

2

Please tick one box only
22. What age group do you belong to?
ge group y 9 a) Under 25

-

b) 25-34

N

c) 35-44

d) 45-54

IS

e) 55 or over

I o

5

. . . . Pl t inthe b
23 .What is your occupation/job title? £A5E PLT your answer In the box

Job title/occupation




24. 1f you have any further comments that you would like to make please add them here:

That'’s it! Thank you.

Would you please check that you have answered all of the questions. Please remember that
all your replies are strictly confidential to the research team.

If you have any questions about the survey or need any help please contact Joanne
Patterson at Cardiff University on telephone 029 20875977 or e-mail Patterson@cardiff.ac.uk.

Please remember that when returning your questionnaire that the freepost envelope does not
need a stamp. If you do not have an envelope you can return the questionnaire to the
freepost address on the front of this questionnaire without using a stamp.

In future we may want to talk to some of the people who have filled in the questionnaire. If
you would not mind being approached again as part of this study could you fill your address
and e-mail address if you have one in the space below.

Name
Address
E-mail

Employer

Thank you very much for taking the time to answer
the questions in this survey.

Your name will be entered into the draw to win a
‘Selle Royal’ special edition Luxury gel saddle as our
thanks to you for completing the form.



16. Please draw onto the map your usual route
from home to work as accurately as possible.

dangerous. If your route goes off the map, please
trace the extent of your route that is included on
the map. Please use a coloured pen if possible.
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Acknowledgement: Reproduced from the 2002
Ordnar]ce Survey ® Landranger ® 1:50 000 scale
map with the permission of Ordnance Survey on
behalf of The Controller of Her Majesty’s Stationery e,

Computing Centre, 40 Park Place, Cardiff, ED27549
3 s " 2
ST ST

Please circle any junctions that you feel are
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Appendix 4

Organisations involved in implementation of questionnaire



Appendix 4 - Organisations involved in the questionnaire survey for three cycling cities

Employer

AA

ACCAC

ACTION MEDICAL LIMITED

ADEL ROOTSTEIN LTD

ADMIRAL

ARRIVA TRAINS NORTHERN

ARUP

B NORTH PCT

BBC

BBC WALES

BCWA

BENEFITS AGENCY

Black Horse LTD

BOOTHAM PARK HOSPITAL

BOOTHAM SCHOOL

BRISTOL CITY COUNCIL

BRISTOL UNIVERSITY

BRISTOL ZOO GARDENS

BRITISH SUGAR

BRO TAF HEALTH AUTHORITY

BT

BURGES SALMON

C B HILLIER PARKER

CARD PROTECTION PLAN

CARDIFF AND VALE NHS TRUST

CARDIFF BUS

Cardiff Citizens Advice Bureau

CARDIFF COUNTY COUNCIL

CARDIFFLEA

CARDIFF LOCAL HEALTH GROUP

CARDIFF UNIVERSITY

Celtic Technologies Ltd

CITY OF BRISTOL COLLEGE

CITY OF YORK COUNCIL

CIVIL SERVANT

COLLEGE

COMPANIES HOUSE

CONTACT 24

CORPS OF COMMISSIONAIRES

COUTTS GROUP

CYCLE WEST

D AND C

DALKIA

DAS LEGAL EXPENSES INSURANCE CO LTD

DEAN & CHAPTER OF YORK

DEFRA

DEFRA

Department of Work and Pension

DEPT FOR WORK AND PENSIONS




DIFFERENT PLACES

DTLR

ECGD

Elephant.co.uk

ENERGY PARTNERSHIP

ENVIRONMENT AGENCY

FABER MAUMSELL

FAMILY FUND TRUST

FAMILY MATTERS LTD

Finance Wales plc

Fulmar TV and Film

Gerling NCM

GNN

GOVERNMENT OFFICE SOUTH WEST

Halcrow group Itd

HIGH WAYS AGENCY

IBM

IKEA

INLAND REVENUE

INLAND REVENUE

INNOGISTIC SOFTWARE PLC

INTERNATIONAL BACCALAUREATE ORGANIZATION

JOHNSON CONTROLS LTD

JOSEPH ROWNTREE FOUNDATION

KELLYS AGENCY

KPMG

KRAFT FOODS

LLOYDS TSB

LLOYDS TSB

M BRITTAIN YORK LTD

MAJOR SECURITY SERVICES

MARKS AND SPENCER

MARLWOOD SCHOOL

MBA PASTURES YOUTH CENTRE

MEAT HYGIENE SERVICE

MEDIA EDUCATION WALES

MERGE DATA LIMITED

Metal Fabrications

MINISTRY OF DEFENCE

MOTABILITY FINANCE LIMITED

NAT WEST

NATIONAL ASSEMBLY

NATIONAL MUSEUM WALES

NESTLE

NEVISPORT

NHS

NORTH BRISTOL NHS TRUST

NORTH YORKSHIRE EMERGENCY DOCTORS

NORWICH UNION

OCSs

OFSTED EARLY YEARS

OPEN UNIVERSITY




OSBORNE CLARKE

PARK HOUSE FINANCE DEPARTMENT

PARSONS BRINCKERHOFF

PAUL GOODING

PERTEMPS

PINDAR BRISTOL LTD

PORTAKABIN LIMITED

ROYAL BANK OF SCOTLAND

SELBY & YORK PCT

SIFT

SOCIAL SECURITY OFFICE

SOIL ASSOCIATION

SOUNDWELL CENTRE COB COLLEGE

SOUTH GLOUCESTERSHIRE LEA

South Riverside CDC

SOUTH WEST REGIONAL DEVELOPMENT AGENCY

SSI IMPREGELIO

ST LEONARDS HOSPICE

STERILE SERVICES INTERNATIONAL

Sustrans Cymru

TAFF HOUSING ASSOCIATION

TERRY SUCHARD

TESCO

THE APPEALS SERVICE

THE MOUNT SCHOOL

THE RECYCLING CONSORTIUM THE CREATE CENTRE

THE WORD DIRECT

TRINITY ROAD LIBRARY

UHE

UHW

UNDEB Y MYHYRWYR

UNIVERSITY OF YORK

UWCM

UWE

uwic

VENTURE PORTRAITS

WCILTD

WDA

WELLWOMEN INFORMATION

WWEF-UK

YORK CITY ART GALLERY

YORK COLLEGE

YORK CVS

YORK DISTRICT HOSPITAL

YORK HEALTH TRUST

YORK HOUSING ASSOCIATION

YORKBOAT

YORKON LTD




