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“The gross and net result of it is that people vgpent most of their natural lives
riding iron bicycles over the rocky roadsteads ho$ tparish get their personalities
mixed up with the personalities of their bicyclesaresult of the interchanging of
the atoms of each of them and you would be sumbrigehe number of people in
these parts who nearly are half people and hajickec

[...]

“Many a grey hair it has put into my head, tryirgg regulate the people of this
parish. If you let it get too far it would be thaceof everything. You would have
bicycles wanting votes and they would get seatherCounty Council and make the
roads far worse than they are for their own ultemotivation.

[...]

“How would you know a man has a lot of bicycle is faieins?

If his number is over Fifty you can tell it unmikédole from his walk. He will
walk smartly always and never sit down and he ig#in against the wall with his
elbow out and stay like that all night in his kiéchinstead of going to bed. If he
walks too slowly or stops in the middle of the rdsewill fall down in a heap and
will have to be lifted and set in motion again loyre extraneous party.

[..]

“A little of it is a good thing and makes you hardgd puts iron on to you. But
walking too far too often too quickly is not sateadl. The continual cracking of your
feet on the road makes a certain quantity of rasdecup into you. When a man dies
they say he returns to the clay but too much walfills you up with clay far sooner
(or buries bits of you along the road) and bringsrnydeath half-way to meet you.

It is not easy to know what is the best way to mguarself from one place to
another.”

Flann O’'Brien,The Third Policeman



Abstract

There is a crisis in transport internationally las tontinuing proliferation of car-use
undermines environment, society and economy. Cychas gained considerable
attention in policy and academia in recent yeamsr@salternative mode of travel, yet
conflict with motorised vehicles and resulting cerrcs for safety are inhibiting

development of this mode. Greenways, as routesndéor-motorised travel, offer

extensive benefits for the environment, qualitylité, tourism and transport; yet
their planning and design for cycling has not b#eroughly researched. A review
of cycling network planning (including discourse segregation, vehicular cycling,
the hierarchy and challenges facing route selectghlighted the need for new
methods for greenways to focus on safety, envirariai@mpact and economic
impact as well as integrating the unique desigmiireqents of cyclists. To this end,
the thesis comprises four empirical elements, whiehsubsequently distilled into a
framework for the planning and design of greenways.

Firstly, a mental mapping and modelling approacls waveloped to identify the
determinants of perceived cycling risk, consideribgth infrastructural and

individual effects. A survey (n=104) of cyclists @alway City (Ireland) collected

mentally-mapped perceived risk observations (n=48%) these were matched in
ArcGIS to road data extracted from a transportastiucture inventory. Initial

comparison between perceived risk hotspots andtidmsa of cycling collisions

showed somealignment between the perceived andctoigeenvironment. A

Generalised Linear Mixed Model in SPSS revealedrifrastructural and individual

determinants of perceived cycling risk to be segtieg of infrastructure, road width
and the volume ofmotorised traffic as well as gerated cycling experience. The
results illustrate the potential for improved cpgli experience in areas well-
separated from traffic (e.g. greenways) and theedddenefits that these
environments can present for women and inexperieogelists.

Secondly, an international greenway survey wastqdlcand deployed online to
determine end-user design preferences, receiviff2lresponses from over 20
countries. Coded qualitative responses initiallyhtighted high-level user priorities
for greenway functions and design priorities. Pref@ design characteristics
(surface, gradient, width, junctions), facilitieegting areas, food & drink) and other
preferences (segregation, parking) were quantdiedl compared with best-practice.
To account for variation in design preferences atiog to mode of travel, a logistic
regression model was built for one design charestier surface materials, finding
that cyclists, commuters and older people prefgrhals. Building on existing

matrices from engineering guidance, these prefeeneere incorporated into a
framework for the route selection and design okegveays, including as elements:
accessibility, safety, user experience, design,iremmnent and economy. This



framework facilitates the inclusion of quantitatinestrics in a broad route selection
methodology, which also allows scope for enginegjinigement.

Thirdly, life cycle assessment was used to meagrgenway embodied carbon and
to develop a balance sheet for the environmentgadh of greenways. This

approach is predicated on the fact that while mstdt to cycling has the potential

to reduce carbon emissions, the carbon footprirdooistructing newcycling routes,

particularly greenways, can negate these savingplyig life cycle assessment to
the Great Western Greenway (GWG; Co. Mayo, Irelapd)bodied carbon due to
materials, construction machinery, transport ofenals and removal of vegetation
and peat was calculated to be 67.6 tCO2e/km.Fumitrer, the carbon savings of
shifting one passenger-kilometre travelled (PKDnifrdriving a car to cyclingwere

found to average 134 gCOz2e. In this case studhifacd 115 commutersper year

(253,000 PKT) is required to ‘balance’ or offseg tbarbon footprint ofone 10 km

asphalt greenway (over 20 year life cycle).

Fourthly, greenway spending data was derived frbmn international greenway
survey and was used to develop some indicatorshioreconomic impact of these
routes. Greenways are comparatively expensive rgyclroutes to deliver
(€100,000/km) and a strong emphasis is placed amodstrating return on
investment. Concentrating initially on the GWG, #erage user spend per night
was calculated to be €51, confirming earlier figginof economic consultants.
Expanding the analysis to the international sampleias found that the average
spend for a greenway user is €47 per night, wittoreenodation and food & drink
accounting for the largest proportions. A TravesClBlodel was then built in SPSS
to measure the value of greenway recreation tastgcthowing that the consumer
surplus retained by greenway users is particulargh: €77 or 83% of the total
value. Meanwhile, the study found broad oppositmdirect payment for greenway
access. The results show the importance of greenas recreational and tourism
resource.

Finally, the four empirical elements were combir@sdpart of a framework for the
planning and design of greenways and this frameweak used to analyse the
development of the burgeoning 2,000 km Irish Natlddycle Network (NCN). The
framework was tested against a case study of thar@uore to Mullingar section of
the Galway to Dublin Greenway, which hasrecentlynpteted the route selection
process, yet faces many engineering, economic and &acquisition challenges.
Dividing the study area into three sections, roct@straints/opportunities, route
options and a preferred route were successfullytiied and the result is compared
with the output from engineering consultants. ONettae guidance developed in this
thesis will be a major asset to local authoritieagineering consultancies and
community groups, enabling the design of safe, renmentally-friendly, cost-
efficient and well-used greenways.
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1 Introduction

1.1 Overview

Cycling is increasingly recognised as a key toolimproving sustainability in
transport, public health and tourism. This moddra¥el requires physical activity
for propulsion, thereby reducing sedentary behaviand leading to improved
physical and mental health. It emits almost no enxas air pollution, can have a
negligible effect on flora and fauna and is the tmesergy-efficient mode of
transport. To cycle costs substantially less thawirdy a car and providing
infrastructure is much more cost-effective for éxehequer. Choosing to cycle also
leads to greater social interactions, an enrichetses of community and is more
equitable. Yet cycling levels around the world desdl significantly during the
proliferation of the private motor vehicle (Bueh&mPucher, 2012) and this decline
has had far-reaching social, environmental and @oan consequences. As traffic
speeds and volumes increased, roads became magerdas for cyclists who did
not switch to driving.

This risk, combined with the desire for generallpren aesthetic and comfortable
places to cycle, has led to the segregation ofistgcirom motorised traffic and the
design of dedicated infrastructure. In recent yetisre has been a cycling
renaissance in many countries and a collectiorutfars has linked this to greater
infrastructural provision for the mode (Pucher &jKstra, 2000). Reflecting the
known benefits of cycling, the development of cyaworks has entered national,
regional and international policy for numerous oges including: (i) reducing the
carbon footprint of the transport sector, (ii) thetential for health benefits, (iii)
improving quality of life and (iv) the developmeott sustainable tourism. This has
led to major investment in cycling infrastructureboth urban and rural areas, for
example EuroVelo envisages a European trans-bargeding network of which
more than 45,000 km has been completed.

Against this backdrop, this thesis examines the cagreenways for cycling. These
off-road cycling routes have shot to prominenceeicent years, not least due to the
work of organisations, such as the European Gregnhwasociation and Sustrans,
and the popularity of the term in countries suchiraland. The term ‘greenway’
likely derives from a combination of ‘greenbelt’ cafparkway’, demonstrating its
origins in the landscape architecture and landsemdogy fields (Little, 1995).
According to this approach, greenways act as amnsidor wildlife and as part of a
greenbelt for landscape planning and resource giote However, the greenway
concept has evolved in recent years to become Hwhjkictive, fulfilling three major
roles: (i) nature protection, (ii) recreation amdirism provision, and (iii) heritage
protection (Fabos, 2004).



Greenway-based research and practice “brings tegathange of formerly divergent
disciplines such as civil engineering, landscamhitacture and wetland ecology to
address complex problems posed by expanding humaiapment” (Searns, 1995).
This thesis approaches greenway planning and désigna civil engineering and

transport planning perspective, while drawing oreot disciplines for useful

principles and methods. A focus is placed on theehts of these routes for cycling,
although it is recognised that greenways’ functiendend far beyond that of
corridors for cyclists.

‘High-cycling’ countries such as The Netherlandgnbark and Germany have
developed extensive cycle and greenway networkstbeecourse of decades, which
‘low-cycling’ countries, such as Ireland and the Uiave been trying to emulate
more recently. Indeed greenways for cycling haweixe@d considerable policy and
investment focus, but limited attention has beenl pa developing planning and
design methods to ensure maximum benefits of thestes to the environment,
economy and society. Furthermore, while the cycptanning and design field has
expanded rapidly in the past five to ten years ¢eairating on urban networks),
minimal literature exists on the planning and destd rural, inter-urban cycling

routes — the form taken by most greenways. Oneéhefrbain challenges of this
research is therefore to bring together diversecspof the cycling, transport and
environment fields — from planning for a wide v#yieof users and statutory
obligations to designing for the unique charactessof cyclists in terms of

geometric design and exposure to risk (Parkin &1i€gp2012).

1.2 Structure of the thesis

Chapter 2 reviews the relevant international scientific antjieeering academic
literature and planning and design guidance to tifyerbackground, gaps and
challenges to the proposed resealChapter 3 plots the research objectives and
method.Chapter 4 unpacks the determinants of perceived cycling dskg an
innovative combination of mental mapping, geograpinformation systems and
statistical analysiChapter 5 describes the methods and findings of an internatio
greenway user survey, focusing on user prefereandspriorities, and develops a
framework for greenway planning and desigBhapter 6 presents a new
methodology for the measurement of the embodiedoranf a greenway and the
potential for offset against modal shif€hapter 7 derives typical greenway
spending data from the international user survelyragasures the value of greenway
recreation to cyclists using a travel cost moG@élapter 8 explores the development
of the Irish National Cycle Network, drawing on tlessons of previous chapters to
identify opportunities and challenges for the netkwoChapter 9 applies the
principles, methods and findings of each chapteh#&planning and design of the
Mullingar to Oranmore section of the Irish NC8hapter 10 outlines conclusions,
recommendations and proposed further research.



2 Literature Review

This chapter establishes the background and thdenbas addressed by this
research. The chapter reviews the principles ferdésign of infrastructure and the
role of safety perceptions and bicycle suitabilidysuite of greenway design and
maintenance guidance is also analysed as part eki@msive review of the safety,
economic and environmental impacts of such roules. review finally addresses
the lack of standardised planning and design fafiry infrastructure, particularly

greenways, and points towards new methods for gr@gplanning and design.

2.1 Introduction

2.1.1 Benefits of cycling

The benefits of cycling have been well establishad are found across the three
pillars of sustainability: social, environmentaldaaconomic. Regular cycling has
been shown to reduce the risk of coronary headads, stroke, cancer, diabetes. A
reduction in these conditions may result in a rédacin mortality, morbidity,
absenteeism as well as general savings to thehhsaivice (Cavill et al, 2008;
Demers, 2006). Furthermore, the ‘Safety in Numbénsory holds that increased
levels of cycling result in a lower risk of colisis and fatalities for all cyclists
(Jacobsen, 2003). Planning which promotes walkgbdnd bikeability improves
social capital, provides passive security and ldads greater sense of community
(Leyden, 2003).

The only carbon emissions associated with cyclieigvé from the embodied carbon
of the bicycle, human exhalation and the embodiatban of increased food
consumption (Walsh et al, 2008). Furthermore, adiry infrastructure occupies
less space and calls for higher density developnfenter habitats are negatively
impacted, air quality is improved and there is ledsan sprawl (McDonald & Nix,
2005). Cycling infrastructure is more cost-effeetivo build than car-based
infrastructure, results in a greater benefit-casibrand is a cheaper transport system
for users (Sustrans, 2010). Also, cycle tourisma growing industry worth billions
of Euro in Europe alone (Weston et al., 2012).

Table 2.1 summarises the current walking and cgclmodal shares for nine
European countries and the USA. The most up-to-dat@ available is used,
however, in some cases this dates back to 2005.‘Aigk cycling’ countries,
Germany, Netherlands and Denmark, all exhibit egrlevels of 15% or over, and a
combined active travel share over one third oftafis. In the Netherlands, the
majority of journeys are made on foot or by bicyd@w cycling’ countries, such as
USA, Ireland and the UK, have cycling modal shanethe range of 1-5%.The ECF
has proposed a cycling modal share target of 15%h#EU and several countries
also have national walking and cycling targets.
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Table 2.1 - Walking and cycling (all journeys) #lected countries (data year)

Country % Walk % Cycle Combined %
Netherlands (2008) 25 26 51
Germany (2011) 21 15 36
Denmark (2008) 16 18 34
Sweden (2006) 23 9 32
Norway (2009) 22 4 26
Austria (2005) 21 4 25
France (2008) 22 3 25
UK (2008) 22 2 24
Ireland (2012) 20 2 22
USA (2009) 11 1 12

Sources: Buehler & Pucher (2012); CV (2012); NTA12a)

2.1.2 Road space and cycling

Despite the benefits of cycling, the key trend ransport internationally has been
nearly constantly increasing reliance on the pevaar or ‘car dependency’
(Wickham, 2006). This has resulted in environmedtahage (carbon emissions, air
quality, habitat destruction), economic cost (rbadeding, sprawl, parking) and
threats to human health (road collisions, sedenliéegtyles, road rage).Taking
Ireland as an example (Figure 2.1), between 19602814, there have been 1.7
million private cars added to the roads — an irseeaf 1000% — while population
grew by 60% (in 1960 there was one car for everpad@ts, today there is one car
for every second adult). These 1.9 million privaggs and 500,000 other vehicles
travel 31.6 billion and 41.7 billion kmper year pestively (CSO, 2000; 2009;
2013a; 2015; Dargay et al., 2007).In these trelvdiand has broadly followed the
US, UK and other western countries (Garceau et 2014). Meanwhile,
developments in vehicle technology have increasducle speeds, thereby posing
greater danger to cyclists who share the roadswitorists.
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Figure 2.1 - Number of private cars under curraoéhce 1960-2014 (CSO, 2015; 2000)



Furthermore, since the popularisation of the c&e built environment has
increasingly been planned and engineered arouad/éhiicle, rather than at a human
scale. Roads became larger in size and numbeledsafific engineering profession
evolved around the ‘predict and provide’ concepérgmalising walking, cycling
and public transport at the same time (Kay, 199@ak 2002; McDonald & Nix,
2005;Norton, 2008; Vanderbilt, 2009; Duany et &Q10). This situation led
Jacobsen et al. (2009) to pose their titular goestWho owns the roads?’ in an
examination of the effect of motorised traffic oycling in Europe and USA. The
authors concluded that motorised traffic speed\aridme discourages cycling due
to real and perceived danger and discomfort (Jarobsal., 2009). This question of
wherepedestrians and cyclists ‘belong’ is thereforeagamchallenge for engineers,
policy-makers and a source of daily ‘war’ betweseptlists and motorists (BBC,
2013). Most road users appear to conceptualisegpack as the historical reserve of
the car and little attention is paid to the roleeafrly cyclists in achieving better
paved roads and the pneumatic tyre in the 18900 R2007; Horton et al., 2007,
Furth, 2012). According to Reid (2014), ‘roads weoe built for cars’.

Dutch engineers began to tackle this issue afeeiS#econd World War: following a

rapid increase in motorisation and cyclist deaththe Netherlands, they decided to
build networks of separated cycle tracks (CROW,7208etween 1973 (oil crisis)

and 1988, the Dutch cycle track and cycle path agdtwncreased from 9,000 km to
16,000 km (Wardlaw, 2014) (today the network isr@@ 000 km). Cycling boomed

in the Netherlands and today exhibits the larggstiig modal share in the world

(Buehler &Pucher, 2012). Although the debate oagrdtion versus segregation will
be discussed in more detail in Section 2.3, suffic this point to conclude that

issues of road space, motorised traffic and theah@nd perceived risks posed to
cycling deserve greater research attention in timtext of promoting cycling as an

everyday mode of travel (Noland, 1995; Pucher &§&lija, 2000; Whannell et al.,

2012).

2.2 Safety concerns as a barrier to cycling

Cycling safety, as shown in the previous sectierreceiving increased attention as
researchers, transport planners and cycling adescaek to increase uptake of the
mode. A Stop Killing Cyclists protest (or ‘die inBy more than 1,000 cyclists in
London in November 2013 dramatically highlighte@ ttontinued risk of fatalities
(The Guardian, 2013), calling on more suitable so&or cycling. Cyclists are
classed as ‘vulnerable road users’: in 2010, 19@4ists were killed on the roads of
20 EU countries. Although there has been a redudtothe number of cyclist
fatalities in Europe over the last decade, cyclisteain among the most vulnerable
road users. Furthermore, the decline in cyclinglifiéés has not been as steep as for
other road users and cyclists now account for atgreproportion of overall road
fatalities at 7% (ERSO, 2012).



In Ireland, for example, between 2013 and 2014retheas a 27% increase in
vulnerable road user deaths; there were 12 cydibésl in 2014, compared to 5 in
2013. Cyclists represent 6% of all road fatalilespite accounting for 2% of road
users (RSA, 2014). Issues surrounding cycling gade¢ gaining attention in the
Irish media as shown in the title of one recentenir affairs show: ‘The growing
war between cyclists and motorists, what's happeoim our streets?’ (RTE, 2015).
This discourse has centred on the behaviour ofstgdjumping red lights, cycling
on footpaths) and the behaviour of motorists (aggjom, verbal abuse, speeding,
overtaking) and how the two come into conflict. 8h% Caulfield (2014) discuss
the safety challenge of increased cycling, paréidulin Dublin (Figure 2.2). In such
a discussion, it is also important to bear in ntimel reduction in all-cause mortality
related to cycling infrastructure and increasesyitling levels (Schepers et al., 2015;
Cavill et al., 2008).
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Figure 2.2 - Cycling collisions in Dublin City Ceat2005-2010 (red: fatal, yellow: serious
injury, grey: minor injury) [based on RSA (2014 ala

Perceived cycling safety is a also major challetgeincreasing cycling, as
highlighted by many studies in the field (PuchemDkstra, 2000). According to
Parkin et al. (2007a): “While actual, or objectivisk is relatively high for cycling
compared with other modes, the perceived risk, ithdlhe risk that is assumed to
exist by existing and would-be mode users, is thportant criterion in terms of
behavioural response”. Consideration of perceivafiétg has been described as
paramount in the cycling design process (Parkindviey, 2012), yet there has been
a lack of research into the relationship betweenabjective and perceived cycling
environment (Ma et al., 2014). The fact that basrie cycling are based to a greater
degree on perception and habit is a challenge ¢ineers to design attractive and
comfortable infrastructure that encourages cyc{@gllagher & Parkin, 2014). This



challenge thus involves drawing on interdisciplintnansport research on attitudes,
habits and perceptions in order to design suitaiffastructure.

2.2.1 Environmental perceptions and travel behaviour

In the field of transport, a small, but emergingdp of literature contends that
attitudes, perceptions, and preferences strongRueince individual's travel
behaviour (Spears et al.,, 2013; Gehlert et al. 320hdeed, recent studies have
indicated that attitudes towards public transpsrir@ll as concerns about personal
safety and traffic, all play a significant role time decision to use public transport
(Elias & Shiftan, 2012). Within transport studiessearchers have applied attitude
and behavioural theories from environmental andnitvg psychology, such as
Fishbein & Ajzen’s (1975)Theory of Reasoned ActigqifRA) and later Ajzen’s
(1991) Theory of Planned Behavi¢f PB), to explore the psychological dimensions
of travel behaviour and modal choice. The TRA aldted models from the field of
cognitive psychology assume that individual vamesblsuch as attitudes and
perceptions are the dominant drivers of behavithus @pproach has been advocated
for promoting bicycle use by Bamberg (2012)). A em of empirical studies
support this contention, for example Thogerson’806) research with Danish
residents found that attitude towards public tramsgar ownership and perceptions
about whether public transport could meet traveédse all predicted public
transportation use.

While often contested, the influence of percepticasnot be ignored. Geographical
and sociological studies of crime in cities andcpptions of neighbourhood safety
(Rengert & Pelfrey, 1997; Austin et al., 2002) ham®wn that perception is often
more important than objective reality in determ@imeople’s use of features of the
built environments, including transport infrastiwet and services. However,
approaches derived from the TRA and similar theofave increasingly been
criticised for overstating the influence of perceps and almost completely
neglecting of the role of structural and contexttaadtors in shaping individuals’

behaviour. As a result the past decade has seegradkeh in perception behaviour
models which attempted to encapsulate more cordkand situational factors. For
example, the premise of Spears et al.’s (20R8jception-Intention-Adaptation

(PIA) model is that both cognitive processes aral ghysical environment have a
direct effect on travel behaviour.

Efforts to measure actual and perceived risks degarroad safety for cyclists can
take diverse forms and involve both qualitative gndntitative evidence. Mirroring
increasing societal interest in health, diet amdleBs metrics, quantitative data that
capture cyclists’ perceptions and experiencesrameasingly in demand (Eisenman
et al., 2009). A review of the literature to datéicates that there is an urgent need
to collect empirical evidence of cyclists’ expeges not only to influence user-
applications (health and safety) but also to infamensport and environmental
policies (e.g. road conditions, cycling infrastwret provision).
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2.2.2 Perceptions of cycling risk

Safety is the primary factor in choosing whetherctonmute by bicycle (Noland,
1995; Whannell et al.,, 2012). The major cause alicg collisions is interaction
with motorised vehicles: 82% of cyclist fatalitieed 87% of cycling injuries occur
in collisions with motorised vehicles. Junctions@a particular danger to cyclists:
35% of cyclist fatalities take place at junctioosmpared to 20% for pedestrians and
17% for car users. The main injuries to cyclisestarthe legs, head and arms and the
most common types of injury are fractures (34%iding (31%) and open wounds
(13%). Injured cyclists spend, on average, an aldsain hospital than those injured
in car collisions (ERSO, 2012). An uptake in cyglits seen as particularly
important from a road safety perspective as thdéetgan Numbers’ theory holds
that the likelihood that a cyclist will be in a Bsion is inversely related to levels of
cycling. This may be due to improvements in motstiawareness (Jacobsen, 2003).

Perception of cycling safety are also influencedsbgial-structural factors such as
attitudes, social norms and habits (Heinen et28l10; Ma et al., 2014). Drivers’
attitudes to cyclists, for example, are perceivedparhaps the most significant
barrier to cycling (Lawson et al.,, 2013; Woolis¢cr& Ganglmair-Wooliscroft,
2015). Cyclists also consider more safety relatedofs than users of other modes
(Fernandez-Heredia et al., 2014) and Horton’s (20f@ar of cycling’ goes beyond
that of collisions and traffic to include the fezrbeing on show, of harassment or
violence, and of seeming inept or unfit. Many a#dé fears are culturally embedded
and socialised, e.g. parents constrain the trasfehtaour of their children based on
perceptions of road safety (Timperio et al., 2004rver et al, 2010). Perceptions of
cycling risk also manifest in social pressure t@amdisliked safety clothing, such as
high-visibility vests and helmets (Aldred & Wood&p@015; Deegan, 2015), which
do not increase perception of safety among cydlisia/son et al., 2013). However a
key gap in research that has been identified isfdva studies of perceived cycling
risk have included the characteristics of the syglLawson et al., 2013; Black &
Street, 2014; Bill et al., 2015).

The UK Department for Transport considers the pgeroe of cycling risk as a
potential barrier to cycling and includes perceiegdling safety in the British Social
Attitudes survey (UK DfT, 2014). Surveys indicabat 61% of respondants in the
UK consider the roads too dangerous for cyclings Maries significantly with age
(47% of 18-24 ylo, 76% of 65+ y/o), gender (69%waimen, 53% of men) and
cycling experience (48% of those who cycled inltdst year, 67% of those who did
not) (UK DfT, 2014). Several studies identified aged gender as factors which
influence perceptions and which also shape resgonsesegregated cycling
infrastructure (Black & Street, 2014; Ma et al.,120 Dill et al., 2015). Cycling
experience has also been shown to influence riskepgons and inexperienced
cyclists are more likely to perceive road condisias hazardous (Bill et al., 2015).
Sanders (2015) suggests that additional experi@ndeskills gained may make these



cyclists more tolerant of risks, although even eigmeed cyclists are concerned
about a variety of possible causes of injury.

Many authors have examined the connection betwkenbtilt environment and
cycling behaviour. The major infrastructural araffic factors identified as affecting
perceived cycling risk include: motorist volume, tortst speed, presence of a
cycling facility, lane width, number of junctiongresence of roundabouts, pavement
surface, parked cars and traffic mix (Lawson et24113; Bill et al., 2015). Increased
perception of cycling crash risk can be found eaarof low density, non-mixed land
uses as opposed to compact, mixed-use neighbowhdbts was even found to be
the case when the latter areas experienced geezteal crash risk (Cho et al., 2009).
Bicycle-friendly neighbourhoods (connected stredsy-traffic etc.) improve
residents’ perceptions of the environment and thesidents cycle more often due to
these positive perceptions (Ma et al., 2014). Majveets with shared lanes are
associated with greatest perceived risk while shase paved paths are perceived as
the safest form of infrastructure (Winters et aD12). Parkin et al. (2007a) found
that cycling facilities at roundabouts did not reeihe perceived hazard.

Cycling infrastructure on roads with heavy traffitarginally reduced perceived
danger, while completely off-road, traffic-free tes significantly reduced perceived
danger (Parkin et al., 2007a). Cycle tracks aregreed as the safest form of cycling
infrastructure, preferred to raised cycle lanegleyanes, and on-road in traffic in
Copenhagen (Jensen et al., 2007). Approximately dbgéspondents felt ‘very safe’
cycling on cycle tracks, compared to 32% on cyafees and 11% on road in traffic.
These results are in line with many studies whiatiehshown cyclists’ preferences
for segregated infrastructure, although there imnéd to the additional travel time
that cyclists are willing to spend in order to ssgregated infrastructure (Sener et
al., 2009; Caulfield et al., 2012).

Limitations to the assessment of perceived safetjude the under-reporting of
cycling collisions, the avoidance of particular tesiand the variation in route types
and location (Parkin et al.,, 2007a). There is adném new qualitative and
quantitative methods to determine the factors ircgieed cycling risk. The role of
segregation, in this regard, is of particular iagtr

2.2.3 Mental mapping

Mental maps are defined as “an amalgam of inforonadind interpretation reflecting

not only what a person knows about places butladso he or she feels about them”
(Johnston et al., 1986). Lynch’s (1960) study ohg®s in the city represents an
early landmark study in this field. Mental maps édeen utilized to explore a range
of subjects including perceived desirability ofgtdaourhoods, orientation and way-
finding, perceptions of crime and migration proptes (Fahy & O Cinnéide, 2009;

Gould & White, 1993). Research into mental maps @adel behaviour is sparse



and existing studies focus predominantly on traweke choice (Mondshein et al.,
2010; 2013). In one cycling example, Snizek e{2013) used a variety of mental
mapping to study route experience, whereby an emjuestionnaire in Google Maps
allowed participants to award positive and negagixperience points. However, no
study has used mental mapping to explore the rél&oth infrastructural and

individual characteristics on perceived cyclingris

2.2.4 Measures of bicycle suitability

Several measures of cycling level of service (LoSyjtability, friendliness,
compatibility give expression to perceived comfamt perceived safety for practical
application in traffic engineering and urban desighe empirical background of
these measures typically models infrastructural @affic factors (e.g. road width,
traffic volume), associated with perceived riskhaugh the characteristics of the
cyclist are rarely considered. Such measures afeiluss road sections can be rated
and maps produced to assist cyclists in route ehaind to identify those road
sections in need of improvement to ensure netwafétg and coherence. To clarify
inconsistent terminology and to classify measunaatially, Lowry et al. (2012)
proposes three definitions:

‘bicycle suitability’ (perceived comfort and safetjong alinear sectionof

road)

‘bikeability’ (comfort, coherence, and conveniemdea bicyclenetwork

‘bicycle friendliness’ (laws, policies, educatidnkeability of acommunity
Lowry et al. identified 13 measures of ‘bicycletability’ developed between 1987
and 2011, which vary according to factors considigoeints system and weighting.

Seven such measures are the Bicycle Level of Sef(8EOS-Sprinkle) (Landis et
al.,, 1997), Cycle Audit and Cycle Review (CACR) TIH 1998), Bicycle
Compatibility Index (BCI) (Harkey et al., 1998), &cle Network Analysis Tool
(BNAT) (Klobucar & Fricker, 2006), Risk Rating (Fam et al, 2007a), Bicycle
Level of Service (BLOS-HCM) (TRB, 2011) and, morecently, Lawson et al.
(2014) have proposed a Cyclist Safety Index. Pagkial.’s (2007a) models align
with IHT (1998) and are quicker and cheaper to anpnt (Parkin & Coward,
2009). Factors considered in these measures aad: fexility type, outside lane
width, number of lanes, lane markings, presenca of/cle facility, type of cycle
facility, cycle facility width, motorised traffic ume, motorised traffic speeds,
cyclist volume, cyclist speed, percentage of heaahjicles, presence of on-street car
parking, number of junctions/driveways, junctiopay pavement condition, presence
of a curb. The factors have been weighted as adgrgt factors and combined to
yield a score for bicycle suitability or perceiveaimfort or perceived safety.

A Quality of Service measure is included in Irelsndational Cycle Manual (NTA,
2012) and includes pavement condition, width, numiieconflicts per 100 m,
journey time delay, and percentage of traffic casgat by HGVs. Kang & Lee
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(2012) developed a bicycle level of service forffitafree routes (shared with

pedestrians and exclusive for cycling) and fourat the level of service is largely
determined by route width. Route type, number aetaand number of encounters
(pedestrians and cyclists moving in the oppositeation) were also found to be
statistically significant.

The data collection methods for 13 perceived cyclgafety studies have been
summarised by Lawson et al. (2013) to include: eickxordings, video simulations,
completion of a test course, interviews and quastges, and the novel application
of heart rate monitors in the assessment of pexdensk (Doorley et al., 2015).

However, only two of the studies reviewed by Lawsdral. (2013) considered the
characteristics of the cyclists: Mgller & Hels (3)Gand Noland (1995). Mgller&

Hels investigated cyclists’ perception of risk aumdabouts, finding that safety
perceptions are determined by a combination ofcttaacteristics of the individual

cyclist (age and gender), the design of infrastnec{e.g. cycle facility) and traffic

volume.

Snizek et al. (2013) used a variety of mental magpdop determine correlations
between cycling perceptions of route experiencethaduilt environment, wherein
an online questionnaire in Google Maps allowedigigents to award positive and
negative experience points. Such ‘mental mappieghmiques can be used to shed
light on this combination of individual and (infefjuctural factors and can add to
measures and applications of bicycle suitabilityisTmethodcould be used as part of
online GIS-based platforms and sensors for crowntesiog perceptions of cycling
safety and identifying localised risks (Loidl, 201delson et al., 2015; Zeile et al.,
2015).

Building on these methods and results, Chapter #thisfthesis applies a mental
mapping method to unpacking determinants of peeckycling risk. The method
incorporates the individual characteristics of tyeelist (demographics, cycling
experience etc.) as well as infrastructural charatics of road and cycling
infrastructure (segregation, traffic volume etc.).

2.3 Designing infrastructure for cycling

To allay perceptions of risk and to improve objeeticycling safety, dedicated
cycling infrastructure involving segregation betwemotorised and non-motorised
modes, is recommended and sought after regularlgroad suite of international
walking and cycling design guidance has emergedhé last 20 years and the
seminal document iSign up for the biké€later Design manual for bicycle traffic

(CROW, 2007)). Generally this guidance is providgdState transport bodies, e.g.
Transport Scotland (2011), NACTO (2011), and NTA12). This section first

reviews the literature on designing for walking aydling, followed by a discussion
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on segregation, vehicular cycling and the hierareimg definitions for walking and
cycling infrastructure.

2.3.1 Introduction to cycling design

Inadequate design and maintenance of cycling imtreisire are barriers to the
uptake of cycling as a mode and contribute to titegrationist argument in the
segregation debate. Parkin (2014), for exampletsploe development of cycling
design guidance, arguing for more comprehensivanplg and considering the
heterogeneity of cyclists as well as problems witbvement and place hierarchies.
Bicycles are vehicles capable of speed and highaag traffic engineering
principles should guide the design of commuter ingckoutes (Parkin & Koorey,
2012). These principles must be complemented byigaesor the specific
characteristics of cycling: movement through phagisiexertion and a lack of
protection (Parkin, 2010). The amount of physicaraon required for cycling can
be reduced by route design, e.g. the external poweeded by a cyclist to rises
considerably with gradient (as well aerodynamic aoking resistance) (CROW,
2007; Ploeger, 2003).

CROW'’s (2007) five criteria for cycle infrastruceurdesign remain the industry
standard and are summarised in Table 2.2. Theseriarirelate to many other
transport planning guidelines, including, for exdengCervero & Kockelman’'s
(1997) ‘D’s, Density, Destination accessibility, $dgn, Distance to public transport,
and Diversity. Fietsbalans (Bicycle Balance) is Eietsersbond’s (Dutch Cyclists’
Union) broader benchmarking tool for the cyclingnete and goes beyond attributes
in Table 2.2 to include: the competitive positiaiveen the bicycle and the car (e.g.
journey times and parking costs), cycling modalrshaycling collision risk, urban
density, cyclist satisfaction (based on survey)] amitten policy (i.e. degree to
which cycling requirements, infrastructure and ketddor part of policy) (Borgman,
2003; CROW, 2007).

Table 2.2 - Criteria for cycling infrastructure dga

Criteria Factors

Attractiveness Aesthetic, lighting, landscape, @mtirity, community
Comfort Surface quality, gradient, hazards, stepdency, climate
Coherence Ease, connectivity, consistency, sigmages choice
Directness Speed maintenance, delay, detour fawbsork density
Safety Exposure, conflicts, visibility, percepti@xperience

Sources: ARUP & Sustrans (1997); Nash et al. (20@R0W (2007); UK DfT (2008);
Veith & Eady (2011); NTA (2012)

Deegan & Parkin (2011) note the need to work athighest’ level of participation
for cycling schemes. Due to the level of exposurelists to the environment,
cyclists are a rich source of knowledge for complexan areas. There should be a
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bilateral transfer of knowledge between cycle sahgmomoters and stakeholders,
between well-informed engineers and well-informgdle users (Deegan & Parkin,

2011). Milakis & Athansopoulos (2014) and Molina@{2) make efforts to include

public participative elements in cycling planningjng, for example, crowdsourcing.
Goodefrooij et al. (2009) and NTA (2012) propospstin planning a cycle network
and these have been aligned in Table 2.3. Furthidagce is provided in Gallagher
& Parkin (2014).

Table 2.3 - Steps in planning a cycle network

No. Godefrooij et al. (2009) NTA (2012)
1 Define objectives Urban and Transport Planning
2 Map land use, assess cycling demand Trip Demand

Map routes, facilities, volumes,

3 collisions Inventory of Existing Cycling
4 Icienr;tggiﬁ:;onty locations and Trip Assignment

5 Identify improvements

6 Predict potential demand Trip Forecast

7 Prioritise and select schemes Prioritising Improents

8 Implement schemes Programme, Consultation
9 Monitor and assess Budgets

The number of data sources and mobile application€ycling is increasing, yet
there is a lack of empirical evidence to inform leyplanning (Cope et al., 2007).
Cope et al. (2007), for example, call for analyticels for continuous cycle counts
to be used in the planning of cycle networks. EXasof the use of cycle route
monitoring data are: Gordon & Parkin (2012) for gesgatterns on the UK NCN;
Lindsey et al. (2007) for urban trail traffic indiana, USA; Deenihan et al. (2013)
for monitoring the Great Western Greenway. Otheseaech from a tourism
perspective (cf. Lumsdon (2003) for UK NCN) is mwed in Section 2.6. However
it is recognised that significant developments atadcollection for cycling are
required due to inaccuracies in automatic and otwemts (Cope et al., 2007;
Deenihan et al., 2013).

Route choice models (e.g. using GPS and GIS) sugtps cyclists prefer:
segregation from motorised vehicles (or low traB8meed and volume and traffic-
calming), low gradient, low junction frequency, lomaiting times at junctions, no
on-street parking, traffic signals, smooth surfadedicated bridge facilities, green
areas. These preferences vary on the basis oktgemographics (e.g. gender, age,
cycling experience) and trip purpose (Dill & Gliel2008; Sener et al., 2009; Broach
et al., 2012; Kang & Fricker, 2013; Krenn et aD12). These preferences should be
considered in tandem with the results of perceiggcling risk studies review in
Section 2.2. Other models include a GIS-based mddelprioritise cycling
infrastructure investments (Larsen et al., 2013) abikeway network design model
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for urban areas (Lin & Yu, 2013). Lin & Liao (2014ter applied this method to
recreational cycling routes.

These preferences sometimes come into conflict,ch@psing a segregated cycling
facility versus a more direct on-road route. Instibase, a substantial number of
studies have found that the reduction in (percgivesk offered by segregation is
more highly valued than the time savings of cyclimggth motorised traffic
(Hopkinson & Wardman, 1996; Dill & Gliebe, 2008;ldhun et al., 2007; Caulfield
et al., 2012). Off-road cycling facilities are alpoeferred by motorists (Sanders,
2014), perhaps as this facilitates the free moveénwn motorised vehicles.
Furthermore, junctions between segregated cyclangities and the highway and
the safety challenges they pose are critical.

2.3.2 Segregation, Vehicular Cycling and the Hierarchy

The separation of pedestrians from motorised traffas long been considered
necessary for safety reasons, particularly duehto gpeed and mass differential
between humans and vehicles (Schoon, 2010). Pedtestrfrastructure includes
footpaths, pedestrian crossings, pedestrian brjdqugestrianised streets as well as
walking trails. Segregation for cycling, on the etlinand, is not as common and is
the subject of major debate in the cycling researuhadvocacy communityraffic

in Towns(Buchanan, 1963), also known as the Buchanan Rdmmtbeen extremely
influential in planning Ireland and the UK (DTTASBECLG, 2013).

Buchanan (1963) consolidated existing experiencese@gregation into a general
theory and envisaged a street network which setgdgaedestrians and cyclists
from motorised traffic (Figure 2.3), a road hiefaycbased on land-use (e.g.
distributor roads in residential areas), and thesteration of the local environment.
The report informed urban flyovers, new roads, wag- streets, pedestrianised
areas, and other features. The report has beérisat for treating walking, cycling

and public transport as secondary to the car, anthé ‘predict and provide’ model

which induced traffic by releasing latent demandyév, 2002; Buchanan, 2013).

In the Netherlands, Germany, Denmark and elsewlsegregation of cyclists from
motorised traffic is considered a fundamental ppiles whereas in the US, and to a
lesser extent Ireland and the UK, the integratiboyaling with motorised traffic is
widespread (Furth, 2012). Segregation may takddima of kerbs, kerbed plinths,
bollards, soft margins or verges, or crash barrigtegration involves cycling on-
road, with or without marked cycle lanes (NTA, 2R12ROW (2007), the Dutch
design manual for bicycle traffic, outlines the gms of segregation in the
Netherlands and argues that a separate networdnmiections for cycling improves
safety and comfort.
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Figure 2.3 - Vertical segregation in‘Traffic in Tow' (Buchanan, 1963)

There is extensive evidence to show that the dedigime built environment impacts
travel behaviour, although other social factors tmios considered (Cervero &
Kockelman, 1997; Ewing & Cervero, 2010). Goodmaalef2014) found that those
living closer to segregated walking and cyclingrastructure walk and cycle for
longer each week. In a longitudinal study of 17@ults living in proximity to
Sustrans Connect2 routes, the authors found that (awo years) residents walk or
cycle 15.3 minutes more per week for each km they tive closer to the traffic-free
route, i.e. residents living within 1 km walk oratg for 45 minutes more than those
living 4 km away. This increased physical actiwtgs greater for those without a
car and was not offset by reductions in physicaivitg elsewhere in participants’
lifestyles.

According to Pucher & Dijkstra (2000), a centrasen for lower levels of walking
cycling and greater rate of pedestrian and cyfdistities in the US, when compared
to the Netherlands and Germany, is the lack oflifes for these travellers. The
authors call for more and improved segregatedifi@si) traffic calming and other
vehicle restrictions, people-oriented design, andproved education and
enforcement. Pucher & Buehler (2007), offering catedies of six cities in the
Netherlands, Denmark and Germany, conclude thatntbst important factor in
achieving safe, convenient and attractive cycliagthe provision of segregated
cycling facilities on roads with large traffic vohes (with complementary traffic-
calming in residential areas). Within North Ameri€aicher et al. (2011) find cities
which have been most successful in increasing myd¢iave implemented segregated
infrastructure programmes (as well as other meayure

Segregation is particularly important for childreiger people, women, and people
with disabilities. In countries with extensive segated cycling facilities, cycling is
more evenly distributed across all age groups amtlers. In the Netherlands and
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Denmark, the majority of cyclists are women (Garetr@l., 2012), while in Ireland,
27% of cyclists are women, down from 35% in 198&@QC 2012a). Garard et al.
(2012) show that perceived risk of being hit byaais the major deterrent to cycling
by women and that more segregated infrastructurddrvencourage more women (to
a greater extent than men) to cycle. Children, artigular, require safe dedicated
cycling infrastructure (McDonald, 2012). Pucher &dbler (2009) conclude that the
strongest argument for segregation is that a wjmectsum of the population is
enabled to cycle — ‘cycling for everyone’.

Vehicular cycling (VC) advocates the treatment g€lists as drivers of vehicles
through sharing of road space and is based arobadfdllowing principles:
predictability, visibility, assertiveness, obeyitgffic laws, lane and intersection
positioning, and communicating with others (Framkl2002; Haake, 2009). VC
proponents claim that segregated infrastructurensafe and marginalises cycling
from road space; they argue that investment shootdoe provided for segregated
infrastructure except in isolated circumstanceshsas inter-urban trails. Key
proponents of VC include Forester (2012) and Fian{@007), who have created
cycling training programmes ‘effective cycling’ the US and ‘bikeability’ in the
UK, respectively.

Haake (2009), in response to Pucher & Buehler®72@ase studies on segregation,
raises the issues of junctions, bus passenger des&ation, bike path congestion
and the separation of fast and slow cyclists, aonéflt left-hand turns (right-hand
turns in Ireland and the UK), right-of-way, constiian cost, and lack of
maintenance. Franklin (2002) discusses whetheclstys a vehicle driver or ‘some
kind of rolling pedestrian’, emphasising the need dyclists to be integrated with
motorised traffic. Forester and others successfedigvinced AASHTO (1999) to
exclude segregation, a move which Furth (2012)ndawas adopted to avoid
investing in bicycle infrastructure and has therefgtymied cycling in the US.
NACTO (2011) has developed its own design guideesponse to the lack of
treatments offered by AASHTO (1999).

A point in common between the pro- and anti-segreggositions is the need for
traffic calming and the use of shared space inagertircumstances, as well as
cyclist education (Haake, 2009; Pucher & Buehl&)9. Moody & Melia (2013),
however, have claimed that shared space advocatesstate the evidence
underpinning its effectiveness and have calledesigihers to exercise caution in the
development of shared space which includes la@f@cvolumes. Traffic calming
involves the reduction in vehicle speeds to 30 kiaid the reduction of traffic
volume. Super-traffic calming of residential are&mown as Woonerf in the
Netherlands, Spielstrassen in Germany and Home Zandreland and the UK,
involves slowing traffic to approximately 7 km/hu¢her & Buehler, 2009).
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Cycling policy in the UK is situated somewhere betw what Aldred (2012) terms
‘segregationist’ and ‘integrationist’ positions. & Mierarchy of Provision prioritises
restrictions on motorised traffic before the reeditton of carriageway space or the
construction of dedicated cycling infrastructurag(ffe 2.4). The Hierarchy first
appeared in the 1996 UK Cycle-friendly InfrastruetlUK DfT/CTC/Bicycle
Association/IHT, 1996) and was included in the sedi UK DfT (2008). The
Hierarchy is not a full exposition of Vehicular Gyg, which rejects almost all
forms of segregation, instead calling on desight@nsiderintegration treatments
before segregation. However, Aldred (2012) and @yeling Embassy of Great
Britain (2014) claim that the vehicular cycling apach to be written into UK cycle
policy through the Hierarchy, with the latter rdjag the Hierarchy as “ineffective
and counter-productive”.

Consider first Traffic volume reduction

Traffic speed reduction

Tunction treatment, hazard site treatment, traffic management
Reallocation of carriageway space

Cyecle tracks away from roads

Consider last Conversion of footways/footpaths to shared use for pedestrians and cyclists

Figure 2.4 - Hierarchy of provision (UK DfT, 2008)

Parkin & Koorey (2012) argue that the Hierarchy fist helpful in outlining the
processes of route and network planning that miesteple scheme implementation”
and that it leads to adjustments at the individoate level before understanding and
providing for demand. Parkin (2010) points to Gemmaycle planning for
interconnected, safe, speedy and extensive netwaréissuggests that a Northern
European hierarchy would be “a hierarchy of primagcondary and leisure routes
for cycle traffic as part of a whole network, an@lieh takes account of the speed
and connectivity needs of such traffic”.

In Ireland, the Hierarchy was adopted in the NCBHTAS, 2009b) and the
National Cycle Manual (NTA, 2012) — it is therefoeenbedded in Irish policy.
However, NTA (2012) also lists benefits of segregatprotection from motorised
vehicles, avoiding congestion, and reliable jourtimes; it recommends segregated
facilities where traffic is unsuitable for cyclinghere vehicles may park or block an
on-road cycle lane, and to prioritise cyclists. Tinenual notes that detailed design is
required for access to and egress from segregatddiés. Segregated facilities are
not recommended along routes with frequent junstian junctions, and where there
IS no commitment to maintaining such a facility.

When deciding whether to segregate, designers d@hoohsider the separation
guidelines displayed in the Guidance Graph (NTAL20- a graph based on the
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CROW (2007) separation criteria — see Figure 2ths §raph has faced criticism as
it does not consider road width, percentage of Hi&ffic, cyclist composition
(school children, fast commuters etc.) and meaatsrniost main roads in Irish urban
areas would need to be segregated (Foran, 2002).
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Figure 2.5 - Guidance Graph (NTA, 2012)

In a further complication to the Irish context, @97 law known as the ‘mandatory
use’ law was introduced which compelled cyclistsite segregated cycling facilities
where provided (IrelandRoad Traffic (Traffic and Parking) Regulations 19%1
182/1997). Under Irish law, a bicycle is definedaagehicle (IrelandRoad Traffic
Act 196) and cyclists are entitled to use all public roéoiher than motorways).
The statutory instrument created problems for sy&lias much of the cycle
infrastructure constructed was poorly designed @owtly maintained (NTA, 2012).
The statutory instrument was removed in 2012 -atedtobjective of the NCPF —
however, the Dublin Cycling Campaign (2014) hasstjoeed awareness of this
removal, with motorists continuing to insist thatlksts move from the road into an
adjacent cycle facility if present.

2.3.3 Cycling infrastructuretypology

There is a large variation in terminology used riméionally for segregated cycling
infrastructure. The brief review is intended toraduce infrastructural options;
greater design and construction detail is provideSection 2.4. Legal definitions of
some cycling facilities in Ireland are given to texiualise the case study and to
show the framing of the term ‘greenway’. Table 2utlines the terminology for
infrastructure provision in a selection of courgri&enerally, terminology is similar
in Ireland and the UK; American terminology hasrbesed as a translation of some
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continental European terms, while specific Gerntaumch and other terms are also
commonly used in the English language.

Table 2.4 - Cycling infrastructure terminology

Ireland/UK Europe / N. America Description
On-road cycle lane Designated bike lane Stripeg] I physical barriers
Raised cycle lane Bike path at sidewalk Raised froma surface
Cycle track Protected bike lane On-road, sepataydshrriers

May include markings; In Ireland,
Bus lane Combined bus-bike lane  cyclists may use bus lanes, unless

specifically excluded

Lightly trafficked road, equal rights
Cycle street Bicycle street / boulevard to cyclists and motorists; Narrow
street, cyclist right of way
Speed limit reduced to 30 km/h,

30 km/h zones Traffic-calmed street . P
other physical modifications

Home Zones Woonerf (Netherlands) Super traffic-calmed residential

Spielstrasse (Germany) street; speed reduced to 7 km/h
Shared space Complete streets (part of) Road ssr&dmared by modes
Bicycle Cycle Super Highways High-speed, low stop frequency
superhighways (Denmark) routes, often segregated
Greenway / cycle Shared-use path / stand- ~ Various non-motorised users, often
trail alone path / multi-use trail  in parks, abandoned railway etc.
Off-road cycle track / Off-road bike-only paths /  Parallel to urban road, separate from
Off-road cycleway  separated paths roadway and footpath

Sources: CROW (2007); UK DfT (2008); Pucher & Beeh2009); Furth (2012); NTA
(2012); DTTAS & DECLG (2013); NRA (2014a)

Table 2.5 - Cycle track and cycle lane typology
Cycle tracks Description
Bollards used for 0.3 m segregation; used on dolteocads with speeds
up to 50 km/h
Full kerb height (approx. 0.1 m) as segregatiofialats may be added;
used on busier roads with speeds up to 80 km/h
Grass or paved verge as segregation (may includes trand
Behind verge furniture);used on distributor and collector roadith speeds over 60

At grade

Raised

km/h
Cycle lanes Description
Continuous white line; motorised vehicles may aayer for access; no
Mandatory . y
parking allowed
. Broken white line; motorised vehicles may entecrass line; set down
Advisory

and loading allowed; used where space insuffid@niandatory lane
Raised by 25-50mm; remains legally part of carneme no parking
Raised allowed; used on collector roads with frequentamtes/driveways and
adjacent to bus lanes
Sources: NTA (2012); NRA (2014)
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Irish law defines a ‘cycle track’ as: “part of aadh including part of a footway or
part of a roadway, which is reserved for the uspeafal cycles and from which all
mechanically propelled vehicles, other than medtalyi propelled wheelchairs, are
prohibited from entering except for the purposeaotess” (IrelandRoad Traffic
(Traffic and Parking) Regulations 19981 182/1997). Where a cycle track is
provided on a roadway, without physical segregatibis known as a ‘cycle lane’
(NTA, 2012), although ‘cycle lane’ has no legal id#ion (Roughan O’Donovan,
2009). See Table 2.5 and Figure 2.6 for descriptimincycle tracks and cycle lanes
in Ireland.

Figure 2.6 - Top (left to right): at grade, raisedid behind verge cycle tracks; bottom (left
to right): mandatory, advisory and raised cycledanNTA, 2012)

The majority of the infrastructure forms outlinet aisually provided in urban and
suburban areas and this is the orientation of NZ&1R). In rural or inter-urban
areas, cycleways or greenways/cycle trails are.usédycleway’ is defined in the
Roads Act as:“a public road or proposed public roesrved for the exclusive use
of pedal cyclists or pedal cyclists and pedesttiaRead authorities (including LAS)
have the power to construct (or otherwise provaeycleway and to maintain it.
Once built, the road authority must declare whethercycleway is for the exclusive
use of cyclists or for cyclists and pedestriansléind.Roads Act 1993 This legal
definition of cycleways is highly important duettee statutory obligations placed on
road authorities in route selection and design.

Cycleways can take the form of routes through parkshort-cuts. There should be
infrequent intersections with roads carrying maed traffic, employ crossings
rather than junctions, provide visibility and ligid, signposting. Raised adjacent
footpaths should be considered where there is Ipegiestrian flow (NTA, 2012).
Two distinct cycleway terms (on-road cycleway affidroad cycleway) are defined
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by NRA (2014a) and are outlined in Chapter 8. &fand, the terms ‘cycleway’ and
‘greenway’ have been used interchangeably (e.gN®N corridor between Galway

and Dublin is regularly referred to as the GalwayOublin Cycleway and the

Galway to Dublin Greenway). This research considegseenway to be one type of
cycleway, set apart by specifications for sepanadiod environmental impact.

2.3.4 Introduction to greenways

‘Greenway’ is a term used in both transport plagnamd landscape ecology and
landscape architecture. Little (1995), in the seiwmork on greenways;reenways
for America brings together the multi-purposes of greenwaysptovide the
following elements of a definition:

1. A linear open space established along either aradatwrridor, such as a
riverfront, stream valley, or ridgeline, or overtaalong a railroad right-of-
way converted to recreational use, a canal, asecead, or other route.

2. Any natural or landscaped course for pedestridriaycle passage.

3. An open-space connector linking parks, nature vesercultural features, or
historic sites with each other and with populatexha.

4. Locally, certain strip or linear parks designatechgarkway or greenbelt.

Little (1995) identifies five greenway types andsh are described in Table 2.6.

Table 2.6 - Greenway types (Little, 1995)

Type Description

Urban riverside greenways Usually created as gddranstead of) a
redevelopment programme along neglected,
often run-down city waterfronts

Recreational greenways Paths and trails of vakimgds, often of
relatively long distance, based on natural
corridors as well as canals, abandoned
railbeds and other public rights-of-way

Ecologically significant natural corridors Usuadllong rivers and streams and (less
often) ridgelines, to provide for wildlife
migration and ‘species interchange,’ nature
study, and hiking

Scenic and historic routes Usually along a roakliginway (or, less
often, a waterway), the most representative
of them making an effort to provide
pedestrian access along the route or at least
places to alight from the car

Comprehensive greenway systems or Usually based on natural landforms such as

networks valleys and ridges but sometimes simply an
opportunistic assemblage of greenways and
open spaces of various kinds to create an
alternative municipal or regional green
infrastructure
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Fabos (1995; 2004) sees greenways as fulfillinggegthmajor roles: (1) nature
protection, (2) recreation and tourism opportusitiand (3) protect and restore
historical and cultural heritage (see Fabos (2@d4) Ahern (2004) for the history of
greenway movements in Europe and America). Greernyg®s, their objectives and
use have evolved over hundreds of years; Sear@&) Ditlines three generations of
greenway:

1. Axes, boulevards and parkways (ancestral greenways)

2. Trail-oriented and recreational greenways (e,gi@lavers)

3. Multi-objective greenways, including recreation, ab#fication, habitat

needs, flood damage reduction, water quality, cut@olucation etc.

Pourjafar & Moradi (2015) goes beyond these germeratto identify five greenway
periods and show how greenway movements and aesiViitave evolved over the
last three centuries (Table 2.7).

Table 2.7 - Historical dimensions and trends in ¢heenway concept (Pourjafar & Moradi,

2015)
Gre'enway Movements Activities Classification
Period
. . Bulldozer urban Elysée boulevards of Paris, Physical,
First period . :
development, religions ways of Rome, environmental,
(1700-1850) . . :
park building American parkways social
Second period . . Physical,
B tiful Cit Bost k t .
(1850-1900) eautiul L1y oston park system environmental
Third period Open space Green space network in Germany, Environmental
(1900-1950) planning greenways of England
Wisconsin ecological network,
Fourth period Environmental Design with nature, Greenway Physical,
(1950-1980) movement projects in Singapore and environmental
Malaysia
: : Greenway, European Greenways Association,  Physical,
Fifth period . :
sustainable London green strategy, global  environmental,
(1980-present) L .
development activities social

In this research, greenways are viewed primarilyrassport and tourism corridors,
one form of cycleway, which are motorised traffied, and generally well separated
from traffic, catering for cyclists, pedestrianglasther non-motorised users, such as
wheelchair users. This transport and tourism amproaust align with the
recreational and, to a lesser extent, urban ankbgical greenway types in keeping
with the concept of the multi-objective greenwagr Enis research, the separation of
motorised and non-motorised traffic is fundametdalhe definition of a greenway
from both transport, ecological and social perspest Key criteria for greenways
are therefore judged tobe:

Linear corridors for the exclusive use of non-misted travellers with a large

degree of separation from motorised traffic
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Link exisiting green resources and are accessarléhbse of all abilities and
from all socio-economic classes
Multi-purpose routes functioning as resources fangport, recreation and
tourism, while protecting the landscape and bioditg
(EGWA, 2000a; Fabos, 1995; Little, 1995; Palaulet2®12; Salici, 2013; Sustrans,
2009).

Greenways are receiving increasing attention, @adily in Europe, in recent years
as new funding streams (often driven by cycle wujibring a new dimension to
this fifth period of greenway design. Other thanrkvooordinated by the European
Cyclists’ Federation (ECF) on EuroVelo, severalegrgay marketing projects have
received EU funding and the European Greenwaysabason (EGWA) has been to
the forefront. In 2011, EGWA was awarded fundingdoGreenways4Tour project.
The aims of this project are to promote awarends&uropean greenways for
sustainable tourism, and to promote heritage anurawed accessibility (EGWA,

2012). Also, in 2013, a consortium of 14 partnemsnf 6 European countries was
awarded funding through the EU. Greenways Producs & stimulate the creation
of a new tourism product — Greenways of Europe (EGR2013).

Although greenways have predominantly been envésagetourism and recreation
routes in rural areas in Ireland, the origin ofegneays is in and surrounding urban
areas, thus greenways have also been proposeality qoutes for commuting and

recreation in sustainable urban areas. Enrique |@=daformer mayor of Bogota,

includes in his vision for a sustainable futureycé network of hundreds of

kilometres of greenways (Pefalosa, 2013). The Majdondon and Transport for

London (2013) proposed a quietway network of sréets, greenways and parks.

A number of studies have examined preferences yoling infrastructure design.
Such studies typically use a combination of stgexlerence surveys and
willingness-to-pay models (based on the valueragjior other route choice models
(e.g. GIS-based). The majority of existing literataoncerns urban cycling network
design and the promotion of commuter cycling. Faameple, Caulfield et al.
(2012)explored cycling infrastructural preferencesing a stated preference survey
distributed to workplaces in Dublin City. The authofound that segregated
infrastructure is preferred by cyclists, regardlessonfidence and 74% thought that
more off-road cycle tracks would encourage theroytde to work. For recreational
cycling, Parkin et al. (2007b) point to increasedaeopment of traffic-free routes on
forest trails, restored disused railways and cémapaths. The authors find that the
only significant reduction in perceived cyclingkis linked to traffic-free cycling.

There have been few studies which have examinesfrdetants of greenway use
and user preferences. Residential proximity israportant predictor of greenway
use (Lu et al., 2013) and minorities and the paarehdisproportionate access to
greenways (Lindsey et al., 2001). For recreatigmaénways, scenery and views is
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usually cited as the most important factor (Munfle€oenders, 2010; Pettengill et
al., 2012). Unpacking the role of scenery and viehirsdsey et al. (2008) correlated
urban trail traffic with trail viewshed, neighbowdd and other characteristics,
finding that open and green viewsheds, neighboutHdock length and land-use
diversity are connected to greater trail use. Siryi) Coutts (2008) showed that
simple proximity to populated areas is not suffitiéor greater trail use; land-use
mixture is an important predictor.

Moving beyond scenery, the most important compor@ngreenways and other
recreational cycle routes is separation from meeatitraffic and few intersections
with roads or rail (Downward & Lumsdon, 2001; Muhd& Coenders, 2010;

Williard & Beeton, 2012). Other preferred charastgcs are path quality,

connectivity to a network, tried and tested routesfreshment stops and
signage/way-finding (Downward & Lumson, 2001; Pegi# et al., 2012). These

perceptions vary according to trip type and purpesg. conflict with other users

was an issue for 19% walkers, but only 2% cycliptspr maintenance was a more
important issue for cyclists (Mundet & Coendersl @0

2.4 Engineering guidance for Greenways

2.4.1 Design Users

Infrastructure must consider, at the design st#ge,hetrogeneity of future users,
including variations in needs, trip purposes andl.s&reenways are generally
targeted at three main user groups: commutersaganalists and tourists (EGWA,
2000; Mundet & Coenders, 2010). It should be ndted specific routes can cater
for specific design user groups (e.g. school caiidicommuters) and evolving route
funding criteria manifest in route selection (SextR.8). Other users that should be
considered in the design process include peopléh wmitobility and visual
impairments.

Commuters

Cycle commuters prefer a smooth, direct route wwihimal time delays allowing
for speed maintenance, they are more prepareddtiear user groups to interact
with traffic. In Ireland, the median cycle commurtip length is 5 km (CSO, 2012a),
reaching typical speeds of speeds of 20-30 km/ih.ufean commuter cycling in
Dublin, Caulfield et al. (2012) found that off-roagcle lanes are the preferred form
of infrastructure, followed by a green lane. Othegferences included lower traffic
speeds (30 km/h), lower travel time, lower numbkjuactions, and light traffic
volumes. However, many commuters are deterred $tarte and time delays and
Sager (2002) argues that the cycling culture ofita is more important than a
greenway network in influencing commuter cyclingvdks. Other work has
investigated the effects of road markings, lanethgicand driver behaviour (Shackel
& Parkin, 2014).
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Recreationalists

Recreational sport has increased in Ireland inntegears and Lunn & Layte (2011)
found that active participation in sport was 33.B672009. Cycling is the sixth most
popular sport for adults with 2.8% adults cyclirg $port.Between 2009 and 2013,
recreational/sport cycling increased from 2.5% && 65% of adults walk at least
once per week for recreation. The main motivatar darticipating in sport is to
improve health/fitness and it was found that mooen&n walk and more men cycle
(ISC, 2013).

Leisure cyclists are a diverse group including emmaal cyclists, experienced
cyclists and families, covering short evening cgcéad longer day trips. Many of
the requirements of leisure cyclists are similathtwse of cycle tourists, though often
include shorter, looped and family-oriented tripoWwnward, 2007; Chen & Chen,
2013). Recreational cyclists look for attractionsreute, toilet and maintenance
facilities, information centres and segregatedasifucture (Chen & Chen, 2013).
Deenihan (2013) found that 76% of respondents & ¢htchment area of the
proposed Dublin-Mullingar greenway would use thesegrway for recreation.
Recreational walkers prefer accessible naturalifapleails, well-separated from the
noise of traffic (Davies et al., 2012).

Leisure travel is responsible for one third of diitance covered. Of the 7 million
domestic trips made by Irish people in 2012, 87%ewsy car and 11% bus/train
(CSO, 2013c). Leisure travel, in particular, is passible for a large carbon
footprint, although much of this is due to aviatiom the UK, recreation/leisure is
the single largest source of carbon emissions (hludaheating); ‘seaside trips’
account for 200 kgCg@ per person per year (Carbon Trust, 2006).Ownershia
bicycle is associated with likelihood to cycle tonk and for all journeys (Driscoll et
al., 2013). In 2006, 580,000 households owned anenare bicycles, up from
539,000 in 2003 (CSO, 2007). Although this suggesitat least one million people
have access to a bicycle, less than 10% of thasa tscycle for daily journeys and
this suggests a large latent demand for cyclingthEéamore, in 2012, bicycle sales
outstripped car sales.

Cycle tourists

Cycle tourism is an established industry intermatlty, with an approximate value
of €44bn in Europe, and significant potential towbased on the EuroVelo network
(Weston et al., 2012). Cycle tourism in Ireland flastuated over the past ten years,
with 100,000-150,000 visitors cycling while on Hay in Ireland (Failte Ireland,
2011). High profile greenways, such as the Galwaublin Greenway are targeted
at attracting thousands of cycle tourists to ofteet cost of construction. There are
three core factors necessary to attract cyclegtsurfi) safe and continuous route, (ii)
pleasant countryside and cyclist friendly villagasl cities en route, and (iii) clear
and reliable signage and interpretation (Lumsdaal,e2009). Traffic-free or traffic-
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calmed routes and networks linking paths, towns attréictions are also important
requirements for cycle tourists (Lumsdon, 2000;kaet al., 2007).

Cycle tourists value segregated cycling infrastrirecthighly and are willing to
double time spent cycling in order to use a fullgregated facility and to increase
cycling time by up to 50% to use a cycle lane (De@m & Caulfield, 2015b). This is
approximately in line with the findings of Krizek al. (2007), who showed that
cyclists travel 67% further to include a trail fidgi 93% of cycle tourists would use
a high-quality greenway if it was near to their@oenodation and 73% would prefer
a cycling facility segregated from traffic (Deenih@013). Roche (2013) found that
92% of Irish respondents agreed that more trafée-foutes are required in Ireland.
90% agreed that Ireland should be promoted aslangyaestination, but 98% agreed
that not enough is being done for cycle touristgl€tourism is examined in more
detail in Section 2.6.

2.4.2 International design guidance

The following section reviews greenway design gnaa with a view towards
comparisons with the results of the greenway degigferences survey presented in
Chapter 5Although an extensive range of guidance existhimarea, there are few
empirical studies which examine user preferences design characteristics,
specifically highlighting differences in user gronpeds and desires. Other guidance
outlines good practice in greenway design from ktipal perspective (cf. EGWA
(2000) for case studies) and an accessiblity petisee(cf. FFE (2013)); these are
not included in this review as detailed engineeguoglance is not provided.

Safety

The general approach to designing greenways iswgineer the route for safety.
International greenway design guides approachpitoblem by beginning with the
cycling envelope and other specific needs of ciglispeed maintenance, width
requirements, passing distances etc.) and applyaffic engineering criteria for
sight distance and visibility etc. This approachswaroduced in Section 2.3 and is
broadly followed. Firstly, Moore (1994) outlinesth@inciples for minimising
conflicts on greenways, both infrastructural andormational, and these are
summarised in Table 2.8.

Table 2.8 - Principles for minimising conflicts greenways (Moore, 1994)

Principles Description

Recognise conflict Not inherent incompatibilitypa] interference
Provide adequate trail opportunitiekength, congestion, user experiences
Minimise number of contact points Reduce conflicdentify problem areas
Involve users as early as possible Identify usevs|ve in trail planning
Understand user needs Motivations, experienceterprees

Identify actual sources of conflict Specific, tanlgi causes of conflict
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Work with affected users Reach mutually agreeatligtions

Promote trail etiquette Educational material f@p@nsible behaviour
Encourage positive interaction Sponsored ‘user syvapil-building projects
Favour ‘light-handed management’ Allow freedom bbice and natural setting
Plan and act locally Sensitivity to local needssisien-making
Monitor progress Understand and determine effectse

Width

The width of a greenway must cater for the widthtteé cyclist (or other user),
manoeuvring space (i.e. dynamic envelope), clearainom fixed objects and
clearance from other users. The typical width ofadnlt riding a bicycle is 0.75m
and an additional 0.25m is allowed for wobble spé&ct&m verge is recommended to
provide clearance from poles, trees, walls etmdy be necessary to increase width
to accommodate large maintenance vehicles or aikers. Additional width is
required for edge constraints, such as fences (K B008). Table 2.9 summarises
the absolute minimum and preferred minimum widthis iarious greenway types.
Greenways in the Irish NCN will generally be twoywansegregated shared-use
paths for cyclists and pedestrians and, theretbeepreferred width is 3m (AECOM
& Roughan O’'Donovan, 2013b). Sustrans (2009) psefeisegregated greenways as
this is a more effective use of width, encouragesentonsiderate behaviour, and
pedestrians in groups tend to ignore segregation.

Table 2.9 - Preferred minimum and absolute minimdihs of cycling facilities

Facility Absolute Minimum (m)  Preferred Minimum (m)
One-way cycleway 15 2
Two-way cycleway 2 3

3 5
Segregated shared use (1.5 m each) (3 m cyclist, 2 m pedestrian)
Unsegregated shared use 2 3

Sources: ARUP & Sustrans (1997); UK Roads Boardd820DMRB (2005a); UK DfT
(2008); Sustrans (2009)

Speed

The design speed of a greenway depends on: (ififumof the greenway, (ii) user
profile, (iii) topography, (iv) estimated user sde&nd, (v) direction of prevailing
winds (AASHTO, 1999). Generally, the greenway sboatcommodate a design
speed of 30 km/h and there is broad agreementihtérature. Higher speeds can be
expected on commuter or long-distance routes, diwséctions paved surfaces
(AASHTO, 1999; UK Roads Board, 2003; DMRB, 2005aniesota DoT, 2007,
McRobert et al., 2008; Wisconsin DoT, 2009). Cysliseach higher speeds on
segregated greenways, which may pose danger tetpads (Sustrans, 2009). This,
again, demonstrates the importance of considehegheterogeneity of greenway
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users and factoring these requirements (e.g. fet é@mmuting cyclists) into
planning and design.

Gradient

Greenway gradients should be kept to a minimumestaclines are difficult for
many cyclists to climb; particularly less skillegctists and those with poorly
maintained bikes. Steep descents cause some sydiskceed the speeds at which
they are competent or comfortable. Steep gradiaists exclude wheelchair users
from using the facility. In general, the lower thangitudinal gradient, the more
attractive a cycle route will be. A maximum gradiari 3% is preferred where
possible (ARUP & Sustrans, 1997; AASHTO, 1999; UkKaRs Board, 2003;
DMRB, 2005a; Sustrans, 2009; Veith & Eady, 201lanBport Scotland, 2011).
Gradients of more than 6% will be avoided on thdw@g-Dublin Greenway
(AECOM/ROD, 2013). There should be a gradient ofleaist 0.5% to facilitate
drainage (i.e. long-fall to prevent water pondigyTA, 2012). See Ribeiro et al.
(2015) for a review of tools for the evaluationgpédient along poential cycle paths.

Horizontal and vertical alignment

Design of horizontal alignment is required to eledinat the radii of horizontal bends
are large enough to provide adequate visibilitypahds, i.e. lateral clearance is
adequate. The horizontal radius depends on theredapation of the path, design
speed and coefficient of friction. In general, aammum horizontal radius of 25 m is
recommended (AASHTO, 1999; DMRB, 2005a; UK DfT, 80Uransport Scotland,
2011). Stopping sight distance (SSD) is the digtaequired to perceive, react and
stop safely in adverse conditions. For the averaggist the reaction time for
braking suddenly is generally 2.5 s, therefore SSEhe distance covered in this
time plus the distance covered while braking (Tpans Scotland, 2011). The
minimum SSD is generally between 25 — 35 m (DMRB0Q3a; UK DfT, 2008;
Transport Scotland, 2011). Good vertical alignmdesign should ensure that
vertical curves (sag and crest) are not too setereause discomfort and that
adequate visibility is provided in the verticaletition. However, sharp sag and crest
curves are unlikely to occur on greenways given beommendations for soft
gradients. Visibility is calculated based on cysfisheight and minimum vertical
curves can then be calculated (AASHTO, 1999).

Crossfall

A crossfall of around 2% is recommended as necgsBarprovide adequate
drainage. A crossfall of much greater than 2% waadse difficulty for wheelchair
users and may be hazardous for cyclists and otbersun icy and wet weather
(AASHTO, 1999; Minnesota DoT, 2007; Wisconsin DA@009; NTA, 2012).

Materials
The choice of pavement surface for greenways veijethd on four key factors: (i)
smoothness, (i) skid resistance, (ii) aesthetrsl (iv) available resources. A
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smooth riding surface is often the most importardliy in attracting cyclists to the
route. Surface types include: asphalt, concretkitasitu, unbound (e.g. limestone
dust), concrete blocks and clay pavers. For cg;lesphalt is the preferred form of
greenway pavement surface except in special c#s&SHTO, 1999; AECOM &
Roughan O’Donovan, 2013b; UK Roads Board, 2003ir&us, 2009). Table 2.10
shows various flexible pavement structures recontieemy the literature. See NCA
(2014) for the evaluation of firmness and stabifay 11 trail surface materials and
Sustrans (2012) for a variety of other surfaceani

Table 2.10 - Flexible pavement structure

Source gljgtrF;rfLs DMRB UKB?a?erS DMRB Sustrans Tsrigzz(r:g
2001 2005b 2009
(2997) ( ) (2003) ( ) ( ) (2011)
Surface 20 mm 20 mm 25 mm 25 mm 20 mm 30 mm

HRA or Dense AC (10 mm nominal aggregate size)

Base 40 mm 40 mm 40 mm 60 mm 40 mm 40 mm

Dense AC (20 mm nominal aggregate size)

Sub-base 150 mm 150mm 200 mm 150 mm 150 mm 150 mm
Type A granular material

Subgrade CBR >25%  Any Any Any Any Any

Notes:

HRA = Hot Rolled Asphalt

AC = Asphalt Concrete (formerly known as Bitumendddam)

1 — See NRA MCDRW Series 900, Clause 910 and M &pfecification. Defined in BS EN 13108.

2 — See NRA MCDRW Series 900, Clause 906 for sipatibn. Defined in BS EN 13108.

3 — Known as Type 1 in UK. See NRA MCDRW Series,80ldwse 804 for specification. Defined in
BS EN 13285.

2.4.3 Importance of maintenance

Cyclists are affected by poor surface quality tauch greater degree than motorists.
Bicycles can have thin, highly inflated tyres (@800 kPa) and many do not have
shock absorbers. Furthermore, cyclists must keemsklves balanced as they pedal
and steer. Poor maintenance resulting in surfatectde(cracks or potholes) or the
accumulation of debris (glass, sand, leaves etm)easily result in cyclists falling
off. Even if the cyclist manages to stay uprightl amobbles, they risk hitting the
kerb, pedestrians or other cyclists, or swervinframt of a car (Jensen et al., 2000;
Minnesota DoT, 2007; DoT, 2009a; NTA, 2012; VeithE&&ady, 2011). 10 - 18% of
accidents involving cyclists were caused by delamnsl a further 3 - 7% was due to
surface defects (Jensen et al., 2000; Schepers I& ?0d.2). Poor maintenance also
affects cyclists’ comfort and the general attramtigss of the route. The more uneven
the pavement, the less pleasant it is to cycle,thednore energy required to cycle
(Jensen et al., 2000; NTA, 2012). If a greenwagm@tates, usage will decline and
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cyclists may use the road as an alternative or sb@y cycling altogether (UK DfT,
2008).

Sweeping

Regular sweeping is the most important regular teaance activity as cyclists can
be destabilised by, or suffer punctures from, bnogtass, sand, litter, leaves and
grit. Sweeping should be carried out by a mecharmeeeeper at least every two
months and more frequently in autumn and winter after storms (Jensen et al.,
2000; CERTU, 2008; NTA, 2012).

Surface quality

The main surface defects are cracks, projectiors @wtholes. Cracks can be
longitudinal or transverse to the direction of #hend are caused by overloading,
relative settlement of the subgrade or by rootartfy out narrow, cracks allow
water into the pavement structure resulting inHertdamage and widening of the
crack.Cracks should be sealed as soon as possitier cracking may require an
overlay (DMRB, 2001). Projections can be causedth®y sinking of part of the

pavement, the lifting of a slab by roots or setté@mor large potholes (Minnesota
DoT, 2007).

Vegetation

Cutting or removal of vegetation from the vergeshaf path is required to maintain
the effective width and visibility of the greenwaylowing, flailing or strimming
may be used. Cutting should be carried out oncevare a year, ideally during
growing season and outside nesting season. Reldabitat management plans
should be consulted (Sustrans, 2009; NTA, 2012).

Ponding

Standing water (more than 10 mm) can make the w@enmpassable, conceal
surface defects increase braking distance and a@ymge the structural integrity of
the pavement. Ponding is a result of drainage raitudrainage channels should be
cleared; crossfall and longfall should be also a@rath (AASHTO, 1999; UK Roads
Board, 2003; Minnesota DoT, 2007; CERTU, 2008; UR [2008; Sustrans, 2009;
NTA, 2012).

[ronmongery

Gullies and covers can sink or break or the surfzae deteriorate around them,
resulting in a hazard for cyclists. Gullies and tig)igs should be laid out
perpendicular to the direction of travel and shobllie gaps less than 20 mm.
Hazardous ironmongery should be replaced and fiesét with the surface (NTA,
2012). Ideally, there should be little or no irommgery on a greenway.
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Lighting

Standards governing the lighting of roads and faibtp are available in BS5489
(BSI, 2003) and guidance for urban cycle lanesasiged in NTA (2012), however,
the issue of lighting on greenways (which are ofiailt in lowdensity or rural areas)
requires further investigation. In general, leisamd tourist cyclists will travel
during daylight hours but commuters will requirghliing. User statistics and
preferences can inform designers and costs carstimaaged with the benefit of
additional usage potentially offsetting costs.

Other issues which should form part of a mainteaagsian include repainting lines,
replacing signs, and repairing furniture and ferMdesmtenance should be
considered an investment in the greenway and insaraagainst larger, more
expensive repairs or eventual replacement (MinaebBofl, 2007). Maintenance can
be planned (e.g. based on a regular programmejpotive.

2.5 Great Western Greenway profile

The Great Western Greenway has inspired majorestén greenways in Ireland and
internationally. Indeed the route partially insplirénis research and is used as a case
study for environmental impact in Chapter 6 andheoaic impact in Chapter 7. The
GWG is considered to be the demonstrator for thed INCN and its success has
been widely reported. Built in three sections betw2009 and 2011, the GWG runs
along the Westport-Achill Sound section of the Miatlls Great Western Railway,
which closed in 1937 (Mayo CoCo, 2014). The routterds for 42 km through
Westport, Newport, Mulranny and Achill and offidialopened on 29 July 2011.
Permissive access agreements were reached withahfidwners along the route
(Connor, 2013). The greenway features a combinatbnasphalt and gravel
surfacing, bridges, viaducts and other structuresiacludes some sections of off-
road cycleway (Figure 2.7).

Funding of €5.6m was provided by Mayo County ColnEiilte Ireland and

DTTAS. Additional support was provided by the locaimmunity and landowners
have given permissive access for the land-takbefaute. There are approximately
80,000 visitors to the greenway per year (34,4@@llasers, 14,800 domestic (rest of
Ireland)) (Failte Ireland/Fitzpatrick Associate€)12). Based on a survey (n=100)
between May and September 2010, average daily spemde estimated to be
€27.31, €49.85 and €50.71 for local, domestic amdrseas users respectively.
Including spending from all three groups, Failteldnd/Fitzpatrick Associates
(2011) calculated the total annual economic impadte €7.2 million, i.e. a payback
period of less than one year. Deenihan et al. (2Qis8ng automatic counter data,
constructed a model to demonstrate the effect wipégature, rainfall and wind

speed on GWG usage. The greenway has led to spinusinesses, including:
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Gourmet Greenway, bicycle hire and adventure tgudompanies, tea rooms and
greenway-based merchandise.

Figure 2.7 - GWG surface (left) and Achill sect{oight) (Connor, 2013)

The greenway has received many awards in the pastyéars, including: European
Commission’s Destination of Excellence (EDEN), Exéany Initiative at European
Greenways Award Ceremony, CIWEM Irish EnvironmentAward, Best
Recreational Facility and Best Tourist Attractidritee Local Authority Management
Awards and The Irish Times InterTrade Ireland Iretan Award (Connor, 2013).
The greenway has featured regularly in the Iriskabbcast and print media as well as
in the LA Times. Funding has now been allocateéxtend the GWG through Co.
Mayo and it is envisaged that the GWG will also édended south through
Leenaun/Killary Harbour to Clifden to meet the Cemara Greenway. The
greenway has also inspired a water-based trag-Btheway (Philbin, 2014).

2.6 Economic benefits of Greenways

Greenways are among the most expensive and tingsgong forms of walking and

cycling infrastructure to design and construct, yexisting literature has

demonstrated that such routes are associated @&tvely large benefit-cost ratios
due to direct and indirect economic benefits (Doardvet al., 2009; Sustrans,
2007). Most greenways opened and planned to date len pitched as products
for the Irish tourism industry and communities muagimonstrate the economic
potential of greenways before funding is awarded.

2.6.1 Cycle tourism

Cycling and tourism have been connected since tae ctours of the 1890s
(Lamont, 2009) and cycle tourism today is a muiltian Euro industry. Weston et
al. (2012) estimated that 2.3 billion cycle tourisips are made in Europe each year,
with a total value of over €44 billion. This is the context of the total economic
benefit of cycling in the EU, which the ECF hasirasted to be €143-155 billion
(ECF, 2013a). Estimates for the value of cycleitmrin key European countries are
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as follows: France (€5.6 billion), Germany (€3.8lidm), Netherlands (€750
million), and Denmark (€400 million). France is theain destination for cycle
tourists in Europe, while Germany is the main arigiVeston et al., 2012).

Although EuroVelo is not a major tourism networkpa¢sent, it has the potential to
generate considerable tourism revenue. 60 millioro®elo trips could generate €7
billion of direct revenue (Weston et al., 2012).Aastralia and the South Island of
New Zealand, the value of cycle tourism has beémated to be €154 million and
€52 million, respectively (Faulks et al.,, 2007). tme UK, investment in cycle
infrastructure was key to increasing cycle tourigmior to NCN construction in
1995, the value of cycle tourism in the UK was €fflion; by 2009, this had
doubled to €1.43 billion (Sustrans, 2010). Lumsddnal. (2009) found that, on
average, cycle tourists in Europe spend €353 oycke-toliday of average length
6.6 days. For day-tripper cyclists, the averagengps €16/day. The average daily
spending on the Austrian Danube cycle route is®&b%or cycle tourists and €37.30
for day-trippers (Meschik, 2012). Table 2.11 présethe economic impact of
selected long-distance cycle routes.

Table 2.11 - Economic impact of selected long-distecycle routes
Economic impact Economic impact

Route Country Length (km)

(Em) (€000 / km)
Hauraki Trail NZ 77 10 129.9
c2C UK 380 12 31.6
Creeper Trail VA, USA 54 1.2 22.2
Danube Cycle Austria 460 6.4 14.1

Sources: (AECOM/Roughan O’'Donovan, 2013a; Bowket.e2007; Weston et al., 2012)

Saelensminde (2004) summarized the benefit-costsraf cycle networks in three
Norwegian cities, accounting for reduced vehicldigsions, health benefits, travel
time improvements and environmental benefits. Tiina found Benefit to Cost
Ratios (BCRs) of between 4 and 5:1, concluding ithagstment in cycle networks is
more beneficial to society than investment in otin@nsport modes. Sustrans (2007)
found that sections of four cycle routes in the tNoEast of England attracted
302,000 cycle trips in 2006 and that these usentribated €12 million directly to
the local economy, representing a value of almag3t rillion to the wider regional
economy, thereby supporting 216 jobs. Downwardl.e2809) used travel diaries
(n=383) on these routes and found that incomesjpgeize and trip duration are
factors in economic impact. The authors concludat ti®o maximise economic
impact, groups with preferences for longer tripsuti be targeted and that incomes
and group sizes should be considered. Weston €@&l2) illustrated the potential
for a network of greenways to increase the cydrison market by identifying four
factors necessary to maximise numbers of cycleisisyr(i) safe and continuous
routes, (ii) pleasant countryside and (iii) cychsendly villages and cities en route,
and (iv) clear and reliable signage and interpi@tafWeston et al., 2012).
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2.6.2 Journey ambiance and willingness-to-pay

Journey ambiance is the level of enjoyment of thaist while on a greenway or
other form of infrastructure. Separation from ti@fisually results in greater journey
ambiance through reduced fear of collision with onised vehicles and increased
comfort. The UK Department for Transport (2010) siders three elements of
journey ambiance: traveller care (quality, cleagdisi and information of the facility),
traveller views (landscape and townscape), anceliexvstress (frustration, fear and
uncertainty). Hopkinson & Wardman (1996) suggesvadue of €10.34/hr for
willingness-to-pay for off-road segregated fac##ti and this is used by various
reports (cf. NRA (2011) and UK DfT(2010)), althougfalton & Smith (2007) have
suggested that this figure should be updated.

Deenihan & Caulfield (2015b) used an interceptestaireference survey (n=287) to
construct a willingness-to-pay model for three myglinfrastructure types: on-road
cycle lane, segregated cycling facility and nolfgciThe nested logit model also
considered the impact of weather and route gradigré authors found that a cycle
tourist would be willing to increase journey timg #3% to use a cycle lane rather
than a road without cycle facilities and 98% to @assegregated cycling facility
rather than a road without cycle facilities. Applyia value of time of €27.81/h
(from the Irish National Roads Authority), it waaleulated that cycle tourists are
willing to pay €13.20/h for an on-road cycle lanel&27/h for a fully segregated
facility, if a toll was applied. A limitation of #hstudy is the urban setting (conducted
in Dublin City) where there is greater route chothan in rural areas. However,
based on these figures the use of time as a paxyiflingness-to-pay is not a true
representation of users’ actual willingness-to-patyould a tolling facility be
installed. Furthermore, the study did not consalénavel cost model to demonstrate
the value retained by cycle facility users.

2.6.3 Health benefits

As cycling is a physically active mode of travdl,results in well-cited health
benefits for the user and society (Andersen e2800; Cavill et al., 2008; Cope et
al., 2003). A large scale study in Copenhagen,rtegddhat cycling three hours per
week reduces risk of all-cause mortality to 72% aferage (Andersen et
al.,2000).Cope et al. (2003) found that 70% of N@¥rs said that the network had
helped to increase their physical activity levefendall & Wright (2015) have
undertaken a Health Impact Assessment of multittesés in New Mexico, USA.
Also, Shafer et al. (2000) discussed the human ysta® concept and the
contribution of greenways to health, fithess anchcaunity quality of life.

These benefits can be monetised using tools suetHe HEAT (WHO, 2011) and
Sustrans (2010) estimated the monetized healthfibefeycling trips on the UK
NCN to be €328 million. Increased physical activilye to cycling has also been
shown to reduce absenteeism, boosting financesnplogers (Hendriksen et al.,

34



2010). Deenihan & Caulfield (2015a), using a stgiexference survey (n=845)
distributed to local workplaces, applied HEAT tdccdate the economic impact of
health benefits due to increased cycling alongnéer4urban cycle facility. This was
found to be between €3.7 million (for a 2.5% moslaift; 1101 additional cyclists)
and €19.6 million (10% modal shift; 11735 additibregular cyclists) per year. The
benefit-cost ratio of an 80 km segregated cycldifiaédrom Dublin to Mullingar (a
large town in the midlands of Ireland) was thenniduo be between 2.2:1 and
11.8:1. The authors highlight the limitations of AJE and the data collection
method used — cycling levels were overstated byaaof of 15 and without
correction this would have led to an unrealistidueafor the health economic
impact.Health benefits of cycling will accrue dueihcreased regular cycling and
due to population catchment, these will most likelginifest to a greater degree in
urban areas, yet greenways constructed in Irelartthte have been limited to rural
areas with a tourism orientation (Deenihan & Caidfj 2015a).

2.6.4 Typical greenway costs

Greenway costs include planning and design, landuisition, construction
(materials, labour, machinery etc.), maintenana® raarketing (AECOM/Roughan
O’Donovan, 2013a). These costs vary significantgdd on greenway type (canal
towpath, disused railway etc.), location (urbanrakuetc.) and other factors.
Guideline construction costs are provided by Fditedand (2006) and Sustrans
(2009) and predicted construction costs for Iriseegways can be found in NCN
funding applications. These construction costs leeen averaged in Table 2.12. For
example, the Great Western Greenway cost €5.6motstiuict (€133,000/km).
Maintenance costs are approximately €5-10,000 pempkr year (Sustrans, 2009)
and Deenihan et al. (2013) used a figure of €40@€0year for the GWG. Land
acquisition can account for a significant propartaf greenway costs, however, the
use of state-owned land is encouraged to reduce ¢bst and improve the
deliverability of the project (NRA, 2010a). Alsdiet permissive access model (in
which there is no landowner payment) has been fmethe GWG. Palau et al.
(2012) show that Spanish greenways provide the test per use of organised
sports facilities: €1.12 per use versus €2.67 foeosports facilities.

Table 2.12 - Greenway construction costs in Ireland the UK

Route Type Details Cost (€/km)
On-Road Local Road (signed only) 3,000
On-Road Local Road (some works needed) 10,000
On-Road Cycleway Regional Road (former Nationaldjoa 25,000
Off-Road Cycleway Shared Use Path 100,000
Greenway Canal towpath 120,000
Greenway Old Railway 130,000

Sources: Failte Ireland (2006); Sustrans (2009);GX8V/Roughan O’'Donovan (2013a)
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Greenway projects must demonstrate return on imasdt to outlay costs typically
in excess of €100,000/km. Previous studies havsidered a wide range of other
economic benefits of greenways ranging from ditemtefits forthe user to indirect
benefits for society (Krizek, 2007; Litman, 201Bhwever these studies have been
limited to isolated trails or aggregated to a naidevel. Due to the recreation and
tourism orientation of the Irish NCN and greenwayssearch is required to
specifically examine tourist spending and the ratoeal value of greenways. This
will inform the route planning and design critewaich seek to maximise return on
investment, as well as government funding seleatriteria. As the NCN develops,
more opportunities will present for further reséaon other elements of economic
impact of greenways in Ireland.

2.7 ‘Green’ credentials of Greenways

Using the adjective ‘green’ in the term ‘greenwaniplies a route which goes
through open spaces, parks, gardens and forestsrempects the surrounding
environment (Medina & Hernandez, 2008). Greenwagsfiequently planned and
promoted in the sustainable tourism sector (Mes@0l 2) as well as the landscape
and habitat sector (von Haaren & Reich, 2006). Emmental benefits of
greenways can include: habitat protection and pvasen of biodiversity; water,
soil and air quality improvement; flood and storntevamanagement; environmental
awareness and teaching tools; and improving hureatihand access to green space
(CMAP, 2009). A number of studies have examinedd¢henvironmental benefits in
detail (cf. Mason et al. (2007) for suburban gremypwabitats for forest-feeding
birds). A full assessment of the ecological impaicjreenways is beyond the scope
of this research, and this section focuses on applisife Cycle Assessment to
greenways, measuring embodied carbon and idergifpiotential carbon offsets
through a modal shift to cycling.

2.7.1 Life Cycle Assessment

To evaluate the environmental impact of construcpoojects, an environmental life
cycle assessment (LCA) is performed. This is a taeéd to evaluate the
environmental impact associated with a productcese or activity by identifying

and quantifying energy and material uses and reteasto the environment as
embodied carbon or embodied energy. LCA includes fihases according to BSI
(2006): (1) goal and scope definition, (2) life keyinventory (LCI), (3) life cycle

impact assessment, and (4) interpretation.

Phase 1 includes definition of the system boundamdich determine the range of
impacts considered that are directly linked to fhreduct. Ideally the system
boundaries are set from the extraction of raw neteuntil the end of the lifetime of
the product lifetime (Cradle-to-Grave), which wouldclude stages such as
manufacturing, transportation and decommissionargdémolition) at the end of its
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life (BSI, 2006). Due to the uncertainties afteogurct manufacture, it has become
common practice to calculate the embodied carbonmfaterials as all the carbon
released as greenhouse gases until the produasldéhe factory gate (Cradle-to-
Gate) (Hammond & Jones, 2011). The addition of eimdab carbon due to
maintenance and decommission would be requiredchiee a Cradle-to-Grave
boundary.The embodied carbon of a material carsbd as an indicator for LCA. It
is taken as the total carbon released over itg¥itde (Hammond & Jones, 2011). By
including the embodied carbon due to transport,theccarbon emissions associated
with its use on site (e.g. machinery used to placé compact the material), the
Cradle-to-Site embodied carbon has been considertbds thesis.

Embodied carbon is measured in carbon dioxide afgims (CQe),which not only
includes carbon dioxide (G) but also other greenhouse gases as set oukin th
Kyoto protocol, such as methane (§Hnitrous oxide (MO) and PFCs (IPCC,
2007). The C@ of a gas is found by multiplying the mass of tes by the
associated global warming potential (GWP) (IPCCQ7)0 GWP is based on the
relative amount of heat that is trapped in the afrhere by a greenhouse gas, where
CO, has a GWP of 1. It should be noted that value<iose are higher than GO
values for materials due to the inclusion of otgeen house gas emissions (CH
N2O, PFCs). For example, G®values are on average 6% higher than Cfues

for construction materials in the UK (Hammond & sn2011).

2.7.2 Carbon emissions of Irish transport

Irish greenhouse gas emissions in 2013 were 5828 M, where 11.07 Mt Cfe

or 19% of these emissions were a result of trams(€iPA, 2015; Figure 2.8).
Emissions from the transport sector representatgest proportional increase of any
emissions sector since 1990 and today is moredbable the 1990 level of 5.1 Mt
CO.e (EPA, 2015; Figure 2.9). Transport emissiongpangected to increase by 42%
between 2013 and 2035, when this sector will accfmur?4% of all GHG emissions
(With Measures).

11.07 11.32
19%
E Energy
B Residential
6.4 H Industry
11% m Agriculture
B Transport

m Waste

19.04
33%

9.02
16%

Figure 2.8 - Sectoral GHG emissions in 2013 (EF¥,3)
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Figure 2.9 - Sectoral GHG emissions indexed to 1&%8 projected to 2035 (with
measures) [based on EPA,2015]

The average commuting occupancy of Irish cars is &and the carbon dioxide
emissions for an average Irish passenger car ggepxdmately 160 g Cee/km
(CSO, 2012b; NRA, 2011a; DECC and Defra, 2011). &massions of Ckj N,O
and other greenhouse gases emitted by cars atweblansignificant (DECC and
Defra, 2011). Thus an overall figure of 160 g&®m can be used. Emissions from
all Irish passenger cars totalled 5.8 Mt £i@ 2009 - a 96% increase on 1990
(Hammond & Jones, 2011; NRA, 2011a). Vehicle enaissican be increased by
poor road condition and therefore in rural areasen road conditions tend to be
poorer and greenways may be constructed.

2.7.3 Cycling and carbon

Cycling is not a zero emissions mode of transpadt r@cent research has shown that
carbon dioxide emissions as a result of cycling approximately 11 gC&km.
Given that the maximum occupancy of a bicycle madt always one person (the
use of tandems, child seats, trailers being redtiinsignificant etc.), the value may
be expressed as 11 g@PKT (Walsh et al., 2008). These emissions inclygists’
exhalation (5 gC@PKT) and the embodied emissions of the manufactdirthe
bicycle (6 gCQ/PKT). The emissions of CHand NO are negligible in cyclists’
exhalation, therefore a figure of 5 g&IPKT can be used. For the embodied
emissions of bicycle manufacture, an aluminium faires been assumed and
emissions have been distributed over the lifespatartce of the bicycle. For
aluminium, there is an 11% difference between endabdmissions values in GO
and CQe (8.24 kg CQ@kg and 9.16 kg Ce/kg) (DECC and Defra, 2011). As the
majority of the mass of the bicycle is accounteddp aluminium, a 11% increase
has been applied to 6 g@BKT, yielding a figure of 6.7 gC@&/PKT. Summating
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gives a total of 11.7 gCG@/PKT for the embodied emissions of cycling. Other
potential components include the embodied carbdaaaf consumed.

Nonetheless, cycling emits a small fraction of daebon emitted by driving a car

and has great potential as an alternative modeamisport. This is due to the

characteristics of cycling, which include: (i) 8 & cheap mode of transport, (ii)
investment costs for infrastructure are much lothan for other modes, (iii) travel

by bicycle can be time effective in congested urbhegas, and (iv) the economic
impacts and the health benefits of cycling (Massatkal., 2011). Although the

potential for modal shift lies predominantly witbramuter cyclists, leisure cycling

routes may also encourage a modal shift to cyadmgommuter routes.Goodman et
al. (2014) showed that walking and cycling levelsrease according to proximity to
traffic-free walking and cycling routes. Howevengse increased physical activity
levels were not associated with sizeable decrei@msearbon dioxide emissions as
journeys along the routes did not substitute ms#atijourneys. There is a need for
greater active travel promotion and policies tocdisage car-use to meet carbon
dioxide reduction targets (Brand et al., 2014).

The preferred greenway surfacing is asphalt ando#tie is generally laid down in
three layers, including the surface layer, the fsabebase layer and the capping
layer (Figure 2.10). The capping layer is requiredoils of poor bearing capacity
(e.g. peatland) and must be of sufficient deptBupport construction, maintenance
and possibly emergency vehicles. A geotextile, gdabetween the sub-base and
capping layer, may be necessary to separate pamrlyimg soils such as peat with
the base material (Sustrans, 2009). This methodé&es used in greenways such as
the GWG where poor soils were frequently encoudtefide carbon footprint of
greenways can be divided into: (i) embodied carbbmaterials, (ii) transport to
site, (iii) machinery: site preparation and consfin, and (iv) loss of carbon from
carbon sinks, such as peat. These have been nbd@leoads using tools such as
asPECT and PaLATE (WRAP, 2011; CGDM, 2007).
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Figure 2.10 - Typical greenway cross-section [basedustrans (2009)]

39



The majority of the NCN in Ireland will be consttad in rural areas. Given the
large peatland areas of Ireland (approximately Jf%and surface (Ward et al.,
2007)) and given the prioritisation of using staiened lands, the issue of
constructing on peat will be important in the Irisbntext. Peat has a high carbon
content ranging from 49% to 62% of its dry weigl8N{H, 2003). Near-intact
peatlands also slowly take in carbon from the aphese and nationally may take in
as much as 210,474 tGx (57,492 tClyr) from the atmosphere (Renou-Wilsin
al., 2011). Given the low bearing capacity of peatraction and replacement may
be required. Excavated peat, which has been ung&erabic conditions, starts
releasing C@ and other gases when exposed to the atmosphereaentic
conditions (Lindsay, 2010). Other carbon sinks udel trees, bushes and organic
topsoil.

2.7.4 LCA in transport planning

In recent years, transport engineers have beguguantify embodied energy and
embodied carbon of materials used in transport agtfucture projects.
Angelopoulous et al. (2009) and Milachowski et #&011) calculated the
environmental impact of constructing roads and Céaal. (2011) examined the
embodied energy of sections of a UK rail tunnel.e Tbmbodied carbon for
construction of asphalt roads using a hot constmciethod is given as 32.8
kgCOse/nf in Hammond & Jones (2011). Furthermore, Hammondo&es (2011)
present embodied carbon values of 12.3 kggh@ and 54 kgC@e/nf for
maintenance and operation of the road respectivalgr 40 years. Typical road
operation includes street and traffic lights (95%tatal energy), road clearing,
sweeping, gritting and snow clearing (Stipple, 2001

Mendoza et al. (2012) applied a LCA methodologthedesign and management of
pedestrian pavements in urban environments. Assaltref these LCA studies,

methodologies have been presented for urban pedestoad and rail construction

that can inform methodologies for cycle infrastiret However, there are currently
no guidelines determining construction-related sroiss for use in the planning and
design stages of greenways. Evaluating the carbuss®ns in the construction of

cycle route pavements can be one of the key paeasnased in the route selection
and design phases of cycle networks.

2.8 Route selection guidance for cycling

Route selection can have a major impact on therdutd transport networks and
indeed regional development. In the context of dbrversion of disused railways
into greenways, it is interesting to consider tiyaaics of the 19 Century route
selection of the Midlands Great Western Railwayveein Galway and Clifden:

“The intention had been to improve communicationghwa
developing fishing industry and the [Midland Gr@éestern Railway
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Company] engineers designed a route to follow thesttine, where
the population was estimated to be around 60,000eder, a Royal
Commission on Public Works thought otherwise andaled that an
inland route should be followed via Oughterard.dedy as a result of
this decision, freight traffic failed to materi@isand the railway
chose instead to develop the tourism potentialhef drea”(Cox &
Donald, 2013)

The coastal route through Spiddal and Carrarogeaaffepportunities to connect to a
larger population and to the fishing industry, heerethe inland route was selected
due to land acquisition and to promote tourism. Ruthe low population catchment
of the inland route, the Galway-Clifden railway \dved just 40 years, closing in
1935. Eighty years later, planning is in placetfa line to reopen as the Connemara
Greenway, predominantly for recreation and touriSreenways, though on a far
smaller scale, exhibit the same processes invoivedoute selection as other
transport modes, including being shaped by polieyland acquisition.

2.8.1 Multi-criteria analysis

In policy decision-making, be it for full programmer individual projects, it is
important to consider all relevant factors and ngit the economic costs and
benefits. For example, expenditure on a public geadh as the purchase of a
national heritage site may have little or no ecorompact (DoF, 2005). Although
Cost-Benefit Analysis (CBA) is the most commonlyedsmethod of appraisal,
Multi-Criteria Analysis (MCA) compares impacts in raethod which does not
involve assigning criteria explicit monetary valuéddCA is not a short-cut or a
easier method as it is rarely realistic to monedibeosts and benefits (Dodgson et
al., 2009). CBA methods have been criticised facplg a money value on non-
marketed impacts, such as numbers of deaths andemjwhen appraising a road
safety improvement. CBAs of transport infrastruetwchemes, in particular, are
problematic due to the major environmental effeftsuch schemes and the lack of
valuations of such affects. MCA techniques are nftaeible and comprehensive
than techniques used in CBA (Dodgson et al., 2008JA therefore offers an
opportunity to bring together features of greenywlnning and design, outlined in
previous sections, into one methodology for roetedion.

In Ireland there are four stages of infrastructraject appraisal and management:
Appraisal (preliminary and detailed), Planning/Apyal, Implementation, Post-
Project Review (DoF, 2005). A preliminary appraistdtes the need for a project
and how this will be met. It should include all lisc options, including do-nothing,
and a preliminary assessment of costs and ben&fidstailed appraisal should meet
nine key elements: define project objectives, fistlistic options including do-
nothing, list constraints, advise financing, quigntiosts, examine costs and benefits
including MCA and CBA, identify risks, specify timgrofile, and recommend a
preferred option (DoF, 2005).
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Costraints that should be considered in a projegpraasal are: financial,

technological, legal/regulatory, environmental, ghg inputs/ raw material,

availability of manpower and skills, time, admingive/managerial ability,

distributional, social, spatial policy, land-useaphing, co-operation required from
other interests, and general policy considerat{@w, 2005). DoF (2005) calls on
‘readily applicable methodologies’ for the apprasismall and routine projects so
that these can be applied consistently. For mimofepts with an extimated cost
below €0.5 million, a simple assessment is requiFed projects with an extimated
cost between €0.5 million and €5 million, elemeatsa preliminary and detailed
appraisal should be used. For projects with ammegéid cost of between €5 million
and €50 million, a Multi-criteria analysis (MCA) ahid be used. For projects with
an estaimted cost of over €50 million, a Cost-Beerefalysis (CBA) should be used
(DoF, 2005). In general, CBA is used for largerltsecaad programmes, while MCA
is used for smaller projects (Browne & Ryan, 20Béria et al., 2012).

MCA is used to establish preferences between pgraptions by referencing an
explicit set of measurable criteria and objectivVidsese criteria usually reflect policy
and other considerations, such as value for mooests, social, environmental,
equality etc. For example, the DTTAS and NRA metliodxt section) uses the
following high-level objectives for transport schesn environment, safety,
economy, accessibility and integration; these &aentbroken down into criteria
(Dodgson et al., 2009). MCAs use scoring and weighof criteria to show the
relative importance of objectives and should preveshough information on which
to decide whether the project should proceed (20B5).In MCA, a ‘performance
matrix’ (or ‘consequence table’) is compiled. Eaolw presents an option and each
column a criterion. Performance assessments irbddg of the matrix are usually
numerical, but can also be colour coded or catsgdriThe consequences of each
option are assigned a numerical score often onake sif 0 to 100 and numerical
weights are assigned to each criterion (Dodgsa@i. €2009). See Table 2.13 for the
steps involved in MCA.

Table 2.13 - Steps in a multi-criteria analysis (Igson et al., 2009)
Establish aims, decision makers and stakeholders
Identify the options
Identify the criteria
Describe the performance of each option againstriteria and score each

Assign weights to each criteria
Combine weights and scores to derive overall value

N o oA WO DN P

Examine results

Determining the scores and weights of criteria Ii€M should yield objective
appraisal and consistency in decision-making farjgmts — the analysis should
produce similar results when applied by differeetcidion-makers (DoF, 2005).
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Dodgson et al. (2009) advises establishing 0 to 4€f¥ying based on an interval
scale, where 0 represents the worst performancehwsilikely and 100 the best. A
paired-comparison process can be used to assigghiseiln such a process, two
criteria are compared for their swing, with thetemion of bigger swing retained for
comparison to the next criterion. The criterion @themerges from this process with
the biggest swing is assigned the weight of 10@ diher criteria are then assessed
relative to this (Dodgson et al., 2009). MCA s reeasingly applied in transport
planning, such as sustainable neighbourhood mypkiBeria et al., 2012), public
transport preferences (Jain et al., 2014), optigisoad investments (Odoki et al.,
2013), pavement maintenance management (Cafisb, &082), rail infrastructure
(Preston, 1996). There have been some limited @dns of MCA in bicycle
planning (cf. Rybarczyk & Wu (2010)) and some adgé are reviewed.

2.8.2 NRA methodology

The NRA is responsible for the planning, constautisupervision, management and
maintenance of national roads and cycleways (aldagkcal authorities). This
section reviews NRA road route selection methodpl@g outlined in NRA Project
Management Guidelines (NRA, 2010b)), noting theaaref which may need to be
altered for application to cycling route selectidime phases of project management
are listed in Table 2.14.

Table 2.14 - Phases of Project Management (NRAQI201
Scheme Concept & Feasibility Studies
Route Selection

Design

EIA/EAR* & The Statutory Processes

Advanced Works & Construction Documents Preparafl@mder & Award
Construction & Implementation

Handover, Review & Closeout
*Environmental Impact Assessment / Environmentaessment Report

N o 0ok WODN PP

The role of Scheme Concept & Feasibility is to iifgrthe need for a scheme and to
examine any particular aspects which may affedibdéty, e.g. safety, reduction in
journey time and economic development. A range rekgway feasibility studies
have been carried out (cf. River Dodder GreenwagG®M-ROD, 2013b) and
Napa Greenway (Alta, 2009)) and these typicallystber the need for the scheme
(incl. safety), environmental constraints, and eroic impact. If deemed feasible,
route selectionthen identifies a suitable Studyafe the examination of alternative
routes, identifies key constraints within that Stullrea, develops feasible route
options and carries out a systematic assessmehesé options. The output of the
route selection process is a Preferred Route Gorod which detailed design will
be based (NRA, 2010b).
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The initial stage in the route selection proces® iglentify the nature and extent of
constraints within a defined Study Area. Constesaare broadly defined as anything
of an engineering, environmental, economic or lagige nature that could affect the
development of a scheme.These constraints are daotach and mapped so that
feasible route options can be designed to avoidh sumstraints, where possible
(NRA, 2010b). Such ‘constraints’ for cycling scheswiffer considerably from those
for road schemes. In fact, many road scheme camstract as route opportunities,
rather than inhibitors, for cycling — for exampl@any landscape features and
railways. Therefore, it is proposed to rename iiase an ‘opportunities study’ (as
used by AECOM-ROD (2015)). The adaptation of thiscpss, including comments
on specific constraints/opportunities, is include€hapter 9

Feasible route options are developed based onragristand typically these number
6 or more and include ‘Do-Nothing’ and ‘Do-Minimunglternatives. The ‘Do-
Nothing’ alternative involves an investigation intbe ability of the existing
infrastructure to meet future demand without anygrade. The ‘Do-Minimum’
alternative examines the feasibility of an on-lupgrade of the existing route rather
than a significant upgrade or the construction ohew route (NRA, 2010b).
Following a Preliminary Options Assessment, feasitalute options are refined to
between 3 and 5 routes. This assessment compams options under three
headings:Engineering, Environment, and Economy. yMainthe items included in
these headings may not be relevant for NCN rowges, impact on air quality or
noise and vibration, and this is discussed in GiraPt The performance of each
route option is tabulated in a Framework Matrixi{lea2.15) through the attribution
of ratings of ‘High Preference’, ‘Medium Preferenhesmd ‘Low Preference’ and a
decision is made on which routes shall progressage 2 (NRA, 2010b).

Table 2.15 - Sample Framework Matrix (NRA, 2010b)

Progress to

Route Options Economy Safety Environment Stage 27
1 High Preference Medium Preference Medium Prefeyen YES
2 Medium Preference Low Preference Medium Preferenc NO
3 Medium Preference Medium Preference Low Preferenc NO
4 Low Preference Medium Preference  Medium Preferenc  NO
5 Medium Preference High Preference Medium Preteren YES
6 Medium Preference Medium Preference High Preteren YES

Following this, route selection moves to the Projappraisal of Route Options
stage, where remaining route options are assessder dive headings:Economy,
Safety, Environment, Accessibility, and Integratidine performance of each of the
route options is summarised in a Project Appraidalrix (Table 2.16) through the
attribution of ratings of ‘Preferred’, ‘Similar’ Intermediate’ and ‘Least Preferred’
and a Preferred Route Corridor is selected (NRA0B). Many of the items to be
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considered in traditional project appraisal argimgnot relevant for cycling routes.
Therefore, additional Project Appraisal Guidelinies the appraisal of cycling
facilities were compiledas Unit 13 (NRA, 2011a).isThnit proposes the evaluation
of the main impacts of the scheme in the contexthealth benefits, absenteeism
benefits, journey ambience benefits, changes imtimebers of accidents, changes in
journey time for walkers and cyclists, and othesgble impacts. The final stage of
route selection is the preparation of a Project rAgal Balance Sheet under the
same headings as the Project Appraisal Matrix. @nieeeferred Route Corridor has
been selected, the scheme moves to the design whase sufficient levels of detalil
exist to establish land-take requirements and tgness the scheme through the
statutory processes and eventually to construction.

Table 2.16 - Sample Project Appraisal Matrix (NRB10b)

Route

Options Economy Safety Environment Accessibility Integratio Overall
A Preferred Intermediate  Intermediate Similar Samil  Intermediate
B Intermediate Preferred Preferred Similar Similar Preferred
C Least Least Least Similar Similar Least
Preferred Preferred Preferred Preferred

The most high-profile route selection process ke talace in Ireland in recent years
is the N6 Transport Project in Galway City and Qguiithis scheme is characterised
by significant natural constraints, such as GalBay to the south, Lough Corrib to
the north and the River Corrib. Furthermore, envinental designations both east
(limestone pavement) and west (bog cotton) resulteéte rejection of the previous
Galway City Outer Bypass scheme (ARUP, 2015).
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Figure 2.11 - N6 Transport Project route option®R(4P, 2015

Demonstrating the phases of route selection: thesl der the scheme (Phase 1 —
Feasibility & Concept) is to alleviate congestiamdaeduce journey times, but due
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to Natura 2000 sites (Phase 2, Stage 1 — Con&ydhre original preferred route is
not available and preliminary route selection (Bh2sStage 2) identified six route
options further south, closer to the city centrégfe 2.11). Following public
consultation, the preferred route was selecteday RD15 and is expected to cost up
to €750 million.

2.8.3 Existing route selection methods

Although significantly under-developed, there hdeen some isolated instances of
cycling route selection in Ireland and internatibnaThree Irish examples of
greenway/cycle networks currently under planningdifierent contexts in Ireland
include; (i) the Greater Dublin Area (urban andafyr(ii) Galway City (mostly
urban) — on the west coast of Ireland and (iii) @guMayo (mostly rural) (Figure
2.12).

DUBLM B
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'S MULRANNY

Figure 2.12 - Three proposed greenway networks: GapA (NTA, 2013b); left: Galway
City (AECOM, 2010); right: county Mayo (Mayo CoQ®§13)

The Greater Dublin Area comprises Dublin City antl &County and counties
Kildare, Meath and Wicklow. NTA (2013b) designedyale network for the GDA,
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including a greenway network throughout the regioonnecting to NCN and
EuroVelo corridors. The process of identifying msutwithin this network involved
using natural corridors and most of the routeoWlthe coastline, rivers, and canals
(e.g. Irish Sea coastline, River Liffey, River DeddRiver Barrow, Grand Canal,
Royal Canal). These routes are mostly planned @asstaecreational amenities in
themselves as well as providing access to otherstouand recreation sites (NTA
2013b). The plan also provided for a rural cycléwoek whereby remote routes
would serve recreational cycling on quiet rurald®gin line with the Guidance
Graph) and routes within 10 km of main towns woalkb serve utility cycling trips.
Although NTA (2013b) applied a cycle commuting mioaled Quality of Service to
the planning of on-road commuting routes, no compae route selection procedure
was used to plan greenway and rural routes.

AECOM (2010) undertook a similar process for théwag City greenway network.
The planners set out to connect elements of gnefastructure and green space,
such as the Galway Bay coastline, River Corrib, dloAtalia and canals within
Galway City. This yielded three recreational greaysvand one commuter route,
which connect to NCN corridors in the west, nortbstvand east of the city. At the
county level, Mayo CoCo (2013) proposes a netwdrlgreenways and on-road
routes. This network connects exisiting infrastouet(Great Western Greenway and
Failte Ireland Cycle Hubs) to the main towns anelAtitantic coastline as part of a
route around the county.

Based on a review of these three networks, theviatlg route selection guidelines
emerge:

Use natural corridors such as coastlines, rivaked and canals

Connect to green space and green infrastructure

Connect to towns and urban cycling infrastructure

Provideand connect to resources for recreatiort@ntsm

Alta Planning & Design specialises in walking andybling infrastructure and has
worked on more greenway projects than any othempemyin North America (Alta,
2015). Alta (2007) developed a multi-criteria meatHor the route selection of the
Central Indian River County Greenways in Florid&AJ The scope of this project
was to develop criteria and a methodology thatlmamised to identify and evaluate
greenway alternatives (Alta, 2007). The criteriaraveequired to be quantitative,
understandable to the public, and sensitive to gbtential differences between
greenways elements (bicycling, equestrian, hikiagd multi-use). Alta (2007)
developed the greenway selection criteria showhalble 2.17 and these have been
used for several other greenway projects in the USA
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Table 2.17 - Greenway evaluation criteria (AltapZQ

Criteria Description Weight

Provides conservation values, watershed proteetoh
connects people to natural habitats as a ‘greesn op 10
space corridor

Provides transportation and recreational acceastbaty
System connectivity centres (schools, employment and commercial disiric 20
parks and public lands).

Economic and tourism potential to link into a netivo
that extends throughout the region.

Walking, bicycling, in-line skating, equestrianagda
other users will share the Central IRC Greenwagtesy.
The system needs to address ways to provide feethe
multiple uses.

The project is on publicly owned or accessible land
Agency support has the potential support of the agency responfibli¢és 20
use.

The Greenways system should be safe for all users,
including people travelling along and across roadya 10
railroads, waterways and other barriers.

Ease of implementation based on the following fiecto
Constructability intact rights-of-way, probable cost, and design 15
constraints

Environmental
benefits

Regional benefits 15

Multiple use 10

Enhances safety for
non-motorized travel

These criteria were used to rank potential greenprayects as part of a process
involving an ‘Opportunities and Constraints’ studyte visits, public consultation

and stakeholder involvement. Projects which scoréd points based on the
evaluation criteria were identified as ‘highest guital’ greenways to be

implemented in 1-5 years; projects scoring 50-7itgare ‘moderately challenging’

greenways to supplement the network in 6-10 ygangects scoring less than 50
points have long-term (11-20 years) potential (AR@07). The final evaluation

matrix for potential greenway projects is givenrable 2.18.

Table 2. 18 Central Indian River County GreenwByaluation Matrix (Alta, 2007)

Trriesn " ey (20) Hemos n:‘ll Benatits| u\m‘_;lu;u K.Eyncv m-ppm a{ ltﬂfv _nnsmwfahhT Lotal o
Adepor /A5 Averme 15 10 20 10 10 Sharad 1:se path
e 5 z 10 5 15 10 15 On road bike lanes
] 5 15 ) 15 10 10 Dixtend shared-use path on bridge
e sc:‘:;::jm z 15 1O 15 10 10 Extend shared-use path on bridge
IR Boulevard 5 2 15 5 15 10 10 On road bike lanes
20th Avenue 3 10 1O 15 10 15 Median shared use path
120 Suwewd Coridur z 10 5 20 10 10 Bike lanes and sidewalks
T<4th Avenue 5 10 5 20 10 10 Bike lanes and sidewalks
KInd Avenne 5 X 10 5 20 10 10 Pending Rergm e Cae Ol
Main Raliaf Cansl 15 10 0 10 10 TR Farms approval required
TNuctls Reliel Canal z 15 10 0 10 10 IR Tarms approval recuired
South Relief Canal S 15 LD 0 10 10 IR Farms approval required
FEE‘::::-A 15 Lo 0 10 5 Requres FEC approval
Beachway 15 10 20 0 15 Walking/Running/ Recreation
IR Watesr Trail 15 5 20 5 15 Cance / Kayak use




There are currently two long-distance greenwaysaland, the Great Southern Trail
(Co. Limerick) and the Great Western Greenway (ayo). Both of these routes
were developed in isolation, section-by-section diadnot involve a route selection
process. However, the Irish National Cycle Netwerkvisages a full 2,000 km
network in which greenway-standard routes are meed (NRA, 2010a). The
background, policy, funding and formation critend the NCN are discussed in
detail in Chapter 8.

A further long distance greenway (joining the urleentres of Dublin to Galway — a
distance of about 220 km) has undergone variouge realection processes.This
proposed greenway is considered the flagship of NG and will be the first
greenway in Ireland to extend for more than 50 kd ®0 undergo a formal route
selection process. Table 2.19 lists the sequenceuté selection reports relating to
the Galway to Dublin Greenway (case study of thissis, Chapter 9). In 2011,
Manton & Clifford (2013) were tasked with high-léveute selection of the western
section of the greenway, while Deenihan et al.aeg®d the eastern section.

Table 2.19 - Sequence of Galway to Dublin Greemeate selection reports
Report Reference
Dublin-Mullingar Route Selection Deenihan et aD12)
Mullingar-Oranmore Route Selection Manton & Clifford (2013)
Galway-Dublin Greenway Business CaseECOM & Roughan O’Donovan (2013a)

Athlone Town Route Selection AECOM & Roughan O’Dwan (2013b)
Oranmore-Ballinasloe Route Selection AECOM & Rougl¥Donovan (2015a)
Ballinasloe-Athlone Route Selection AECOM & Roughaibonovan (2015b)

Deenihan et al. (2011) selected a route in a nawgomidor between Dublin and

Mullingar, based on a hybrid of the Royal Canalpatih and a downgraded national
road (R148). For this task, the authors developedvaluation matrix,as part of an
MCA proces. McCarthy (2011) and McCarthy et al.1@Pused a desk study of
CROW (2007) and other international literature tetedmine matrix headings:

safety, coherence, directness, comfort, delivatgbiland cost. Criteria were

developed for each heading and an expert survegl@=was administered to
determine weights for each criterion, (Table 2.8¥oring these criteria (Good = 3,
Medium = 2, Poor = 1) yielded ratings for each loé three route options (canal
towpath, national road, hybrid). This route has ssgjently been progressed,
although without undergoing a full statutory rougelection process (including
public consultation etc.).
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Table 2.20 - TCD evaluation matrix (McCarthy, 2011)

Weight  Weight

Rating Good Medium Poor Commuter Leisure
Safety 1 1
Segregation Segregated Visual seg Shared space
Traffic vol. < 3 veh/min 3-8 veh/min 8+ veh/min
Junctions < 1ijn/6 min é.l7r]5?6\3/$r?i/n é;JSnn(:Ynery
Speed limits 30 km/h < 60 km/h 60+ km/h
Width 3-5m 2-3m 2m
Directness 0.833 0.351
Detour 0-20% 20 — 40% 40%+
Delay 0-20% 20 — 40% 40%+
Perceived security 0.662 0.749
Visual inspection: Overlooked, Shared Use, Planting
Comfort 0.667 0.745
Surface Asphalt / nging slabs/ Grass/ soil /
concrete grit stone
Gradient <3% 3-5% 5%+
Attractiveness 0.433 0.780
QTV?]ZIUGS: < 30 min 30-45 min 45+ min
Slg”fgs'“es‘ St <gkm 8-12 km 12+ km
Desirability? 70%+ 40-70% < 40%
Coherencé 0.622 0.596

®Desirability attributes included: public transpontarning signs, quiet/peaceful, two-way
cycling, information signs, shared use, rural designenities and picturesque.
As there were no other NCN routes for connectionberence was not included

The route selection of the Mullingar-Oranmore smctof the Galway to Dublin
Greenway is more complex for a variety of reasamduding: distance, size of the
study area, multiplicity of route options, natu@nstraints and land-use types
(Chapter 9). Manton & Clifford (2013) planned a dstuarea, identified the
constraints and opportunities and mapped out raytdons. A preliminary
evaluation matrix was developed following a revied international literature,
including work by Deenihan et al. (2011), and isdzh on the NRA methdology
previously outlined. The matrix scores preliminaoyte options on a scale of 1 to 5
for route type, directness, maximum gradient andgration (Table 2.21). Further
analysis of economic and environmental impact, e as specific design features,
yielded a preferred route for three sections ofgreenway: Oranmore-Ballinasloe,
Ballinasloe-Athlone and Athlone-Mullingar. This teuselection report represented
the initial phase of this PhD thesis and establistie basis for route selection of
three sections of the Galway to Dublin Greenwag Sbapter 9).
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Table 2.21 - Preliminary route selection matrix (Men & Clifford, 2013)
Rating 5 4 3 2 1

Route Tvpe  Greenwa On-Road Off-Road On-Road On-Road
yp Y w Cycleway Cycleway (RIN)

Directness 100-110% 111-120% 121-130% 131-140% >140%

Max 0-2% 2.1-4% 4.1-6% 6.1-8% 8.1-10%
Gradient

. All : , . .
Integration headings 4 headings 3 headings 2 headings 1 heading

Following this report, engineering consultants, ABZ & Roughan O’Donovan,
were commissed by the NRA to carry out the stayutoute selection process for the
Mullingar to Oranmore sections of the Greenway l(idmg public consultation).
Firstly, it was decided that a dedicated walking awcling bridge would be required
to cross the major natural constraint of the raotéthlone. AECOM & Roughan
O’Donovan (2013a) developed criteria (Table 2.28Y a&cored 5 route options,
yielding a preferred route and independent bridgetts of the existing railway
bridge (although this route was subsequently chdngdwese criteria included safety
and economy, however, due to the urban settingjr@mental considerations
regard changes to the traffic and road space emwieat. Also at this time, AECOM
& Roughan O’Donovan (2013b) prepared a business ftasthe Galway to Dublin
Greenway and Westmeath CoCo (2013) submitted a8Raleinning application for
the Athlone to Mullingar section along the disusativay.

Table 2.22 - Athlone Town route selection matrikGOM & Roughan O'Donovan, 2013a)

Rating 5 4 3 2 1
Greenway/ Separation Separation On-Road Mixed/Shared
Route Type : Cycle
Cycleway  byverge by marking Lane Street
Conflicts per
100m 0 1-2 3-5 6-10 > 10
Alteration to Lanes Lanes . Reducedto Reduced  Road clgsed to
traffic flow unchanged redgced N single lane to one- motqnsed
width way vehicles
Reduction in 0 1-3 4-6 7-9 >9
parking
Estimated
construction 0 - 50,000 50,000 75,000 = 100,000 200,000

cost (€/km) 75,000 100,000 200,00

The other two significant route selection processese carried out on the
Oranmore-Ballinasloe and Ballinasloe-Athlone sewiof the Galway to Dublin
Greenway, again by AECOM & Roughan O’Donovan (2013815b). These
sections of the greenway, as mentioned previogsgsent acute challenges for the
cycle route design process as no long-distanceorppity’ infrastructure, such as a
disused railway or canal towpath, exists in thieaarwest of the River
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Shannon.Therefore, green-field development andezprent land acquisition were
incorporated in the route selection process. Figut& shows the selected route for
the Galway to Dublin Greenway, including DublinNtullingar (blue, mostly along
the Royal Canal towpath), Mullingar to Athlone (gme disused railway) and
Athlone to Galway City via Ballinasloe, Loughreada®@ranmore (red, green-field
development).

Mullingar
Athlone Maynooth
Galway City Ballinasloe () publin City

Loughrea

Figure 2.13 - Selected route for the Galway to Dulireenway

The consultants emplyed criteria based on the NR#hodology and NRA EIA
guidance and were informed by Failte Ireland redeahe Greenway Business Case
(AECOM & Roughan O’Donovan, 2013b) and EuroVelodauice (Table 2.23). The
performance of route options was scored on a stiNgeseven-pont scale from -3
(highly negative) to +3 (highly positive), whereseore of 0 is neutral.A landscape
assessment was also commissioned from a landspapelsst to rate scenic and
‘wow factor’ views. Other minor route selection pesses were carried out for the
Monasteries of the Moy, Passage West — CarrigalBwgne Valley — Lakelands
routes.

Table 2.23 - Route selection criteria for Athlonedranmore (AECOM & Roughan
O'Donovan, 2015a; 2015b)

Criteria Description

Landscape and Visual Scenic, ‘wow factor’ view amerests
Flora & Fauna Adverse impacts, attractions
Cultural Heritage and Visitor AttractionsTourist attractions, points of interest
Connectivity and Accessibility Distances to towrlttges, amenities
User Safety Number of conflicts with roads
Economy Cost per km (excluding land costs)
Physical Constraints Topography and flooding

Material Assets, Human Beings Number land pardefigstructure
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This section has reviewed the initial route setettmethods applied to the Irish
NCN. These methods have all applied a multi-catexnalysis approach, moving
beyond a narrow focus on economic costs and bsragfier criteria have centerd
onsafety, environment and specific cycling desigguirements (such as those given
by CROW (2007)). Criteria have been aggregatedrouge option evaluation matrix
form aligned with NRA (2010b), generally using sedijve scoringwith some
elements of empirical research. These projects dstraie the challenges of a
highly quantitative approach to route selectionnynaf the desirable attributes of a
greenway are difficult to quantify, complicatingethdevelopment of criteria.
Therefore, further research is required to idergifgenway user route selection and
design preferences, the role of safety (objectived gerceived), potential
environmental impact and economic costs and benetfst well as other empirically-
informed criteria.

2.9 Summary

Across the world, we face major challenges in imprg sustainability in transport,
with implications for the environment (GHG emissprecological impact), the
economy (infrastructure cost, individual costs)adouser safety and other social
impacts. The most pressing barrier to increasingiray is the danger posed by
motorised vehicles; the proliferation of cars onngn@aoads, and the design of the
built environment around them, has led to a sigaiit decline in active travel.
Perceptions of cycling risk are linked to the indual characteristics of the cyclist
(whereby women, children and inexperienced cyckses more susceptible to risk)
as well as infrastructural characteristics (traffidume, road lane width, HGVs etc.).
This review recognises that there is an infrastmattdeficit for cycling in many
countries (Ireland being a notable example) andftirther research is necessary to
fully understand cycling risk perceptions and tbke of segregation from motorised
traffic.

A review of the segregation debate, vehicular ogcliand the Hierarchy
demonstrates ongoing differences in policy regaydihe provision of cycling
infrastructure and this often reflects the desigeru Regardless, greenways are
gaining traction internationally and networks hdeen constructed across Europe,
the USA and many other countries. However thisewvidemonstrates a lack of
empirical studies regarding greenway user prefe®mand guidance to date is
generally drawn from an engineering safety perspect

Greenways offer the potential for substantial ecoisgampact, despite high costs per
kilometre relative to other types of cycling infragture. The scope of existing
economic impact studies has generally been lintikeshdividual greenways/trails,
small survey sample sizes and direct spending.rétreational value of greenways,
based on cost of access, has not yet been modgitbdvould provide insight into
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the orientation of routes and benefits to variosargroups. Furthermore, embodied
carbon analysis of cycling infrastructure has tbeeptial to offer more sustainable
route design but has not yet been modelled.

Greenways, as cycleways developed by statutorysraathorities, should undergo a
robust route selection process. Financial investriesually from central and local
government) demands evidence to determine thodesavhich have the greatest
potential for return on investment, yet many of thenefits of greenways are not
easily monetised. A route selection process foemrays should move beyond a
narrow focus on economic impact, to incorporatetinmuiteria analysis in a method
which yields the most effective route under a \ugred headings.

This review establishes that further research sdeé to develop route selection
criteria for greenway user preferences, the rolesafety and economic and
environmental impact. As current preliminary greagwoute selection methods
show that there are challenges to an entirely gasimeé method and any new
approach must blend such quantitative criteria vaitflexible and easy to apply
method for engineers and planners. There is sggmfi potential in this area to
inform high-level network formation and funding gmitisation, as well as a route-
specific Level-of-Service, in the delivery of satnvironmentally-friendly, cost-
efficient and, most importanly, used and enjoyezkgways.
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3 Research Objectives and Method

The review of existing literature demonstrated hecity of research on the
planning and design of greenways. While the cyclingearch field has grown
considerably in recent years, the development eémmways for cycling represents a
significant gap in this literature. This chaptertlimes the objectives and overall
method of this research, acting as a guide to liapters that follow.

3.1 Objectives

The over-arching objective of this thesis was toellgp novel methods for the
planning and design of greenways for cycling andj¢oerate findings which will
assist future engineers, planners and policy-malkexshis study sits in the broader
cycling research field, it was deemed necessabgtin with the most pressing issue
facing the promotion of cycling: safety and percapd of risk. Once a better
understanding of cycling safety concerns, it wagidi®l to concentrate on
developing planning and design guidance based en pieferences as well as
elements of greenway appraisal, specifically emritental and economic impact.
Finally, a case study was used to apply the finglioigthe research and to discover
other issues which arise in greenway developmeptdatice.

These elements of research can be viewed as sémenkey objectives:

1. Cycling safety. To better understand the safety barriers to ogclfocusing on
the determinants of perceived risk (at both the asd infrastructural levels) and
the potential role to be played by segregation froatorised traffic.

2. Greenway user preferences To engage a large and diverse sample of
international greenway users on high-level priesitfor greenway planning as
well as specific geometric and other design charestics; furthermore, to
channel these findings into planning and desigdaue.

3. Environmental impact. To calculate the embodied carbon of greenwaysitas
form of environmental impact) and to examine how ttan be offset by a modal
shift to cycling.

4. Economic impact To measure and categorise typical user spendimg o
greenways, place this in the context of constractomsts, and to evaluate
recreational value and willingness-to-pay for asces

5. Application. To apply the lessons learned in previous chapigreeviewing a
burgeoning national greenway and cycle network tantst the novel methods
against the planning and design of one case studg.r

3.2 Method

This research comprised two broad phases. Thephisse, lasting approximately 18
months, started with a review of a wide range ef dlcademic literature as well as
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national and international policy, legislation atebkign guidance. A secondment was
then undertaken at Roscommon National Road DesfjoeQunder the supervision
of one of the authors of the National Cycle Netw8&doping Study (NRA, 2010).
Thework completed in this period focussed on adgpNRA road route selection
procedures for cycling (including the reclassificat of ‘constraints’ and
‘opportunities’), analysing national datasets ahd tarrying out the initial route
selection of the case study greenway corridor,ushiolg the collection of mapping
resources. This preliminary work was subsequenitgdcin the formal route
selection process completed by a team of engingednsultants (see Figure 3.1).

Review Secondment Data Collection Data analysis

National policy, legisla- Roscommon National Desk study of natural CSO POWSCAR,

tion and gmdance Road Design Office and artifical constraints GeoDirectory (SPSS, MS
International guidance (NRA) and external parameters Excel), Mapping (Auto-
Academic literature CAD, ArcGIS)
Outputs

Mullingar-Oranmore Constraints Study and Route Selection Report

Review of construction and maintenance guidelines for Greenways

Identification and classification of factors affecting route selection of eycling routes in Ireland

Cited in Cited in Cited in
Athlone Town Route Ballinasloe-Athlone Galway-Ballinasloe
Selection Report Route Selection Report Route Selection Report

Figure 3.1- Flowchart of preliminary phase of Ph&search

In the second and main phase, a more detailed wewoie the literature was
completed, concentrating on the development oftaosaovel greenway planning
and design methods. Secondments were then compieted Irish local authorities
(Galway City and County Councils), which enable@ tlurther development of
experience in greenway and broader walking andirgygblanning and design in
practice. A semester-long research visit was thewedaken at the Safe
Transportation Research and Education Center (B&€), UC Berkeley, adding an
international dimension to the research as welbféexing the opportunity to audit
postgraduate transportation planning classes nmagraly available in Ireland.

During this time, the four core research areas wdemntified (safety, design
preferences, environment and economy). A novel atktlias developed for each,
tested and findings and recommendations concludtediotal, six co-authored
publications were prepared based on this resedanah,of which were literature
review or desk study based while a further fouremeerived from the four novel
empirical methods. Also, an initial constraintsdstiand route selection report and
more detailed case study were produced on the naliOranmore corridor of the
Galway to Dublin Greenway. Ultimately, these ougpuombined with the review of
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the Irish NCN represent new guidance for the plagrand design of greenways
(see Figure 3.2).

Review Secondment
Existing route selection Galway City Council,
reports, feasibility Galway County
studies, academic Council, UC Berkeley
literature SafeTREC
Data collection
Perceived safety Design preferences Environmental impact Other
Mental Mappmg, Stated Online survey of mtema- Embodied carbon Site visits
Preference Survey, tional greemway users inventory of Great Expert mterviews
Transport Infrastructure {inchuding pilot on Great Western Greenway
Inventory Western Greenway)
Data analysis
Perceived safety Design preferences Economic impact Environmental impact
Geographic Information Logistic Regression Travel Cost Modelling Life Cycle Analysis (M3
Systems (ArcGIS), (SP35) (SPS5) Excel)
Generalised Linear
Mixed Model (SPSS)
Outputs

Guidance for Route Selection of NCN

Case Study of Galway to Dublin Greenway

Greenway route selection and design preferences: an international study

Using mental mapping to unpack determinants of perceived cycling risk

Greenways as a tourism resource: a study of user spending and value

Carbon costs and savings of greenways: creating a balance sheet for the sustainable design and construction of
cycling routes

Figure 3.2 - Flowchart of main phase of PhD reséarc

As the research progressed, it became clear teahgray planning and design is a
complex and contested field. For example, inteomati survey responses indicated
that greenway preferences and priorities are glinterse (e.g. varying with location

and design user) and consequently planning andydegiidance must be more
nuanced. Also, the official route selection of tese study greenway (Galway to
Dublin Greenway) proved to be quite contentioussimg issues regarding the

engagement of landowners and broader characteeabtite selection process.

Thus a core objective of Chapter 5 was to credtaraework for the planning and
design of greenways, based on multi-criteria amglyisto which novel methods
could feed. This framework was developed basedeniterature review (including
adapting existing national and international rowgelection criteria) and by
condensing qualitative and quantitative greenwagr u®irvey results. The final
elements of the framework (see Section 5.6) trarga those highlighted in the
literature review by introducing two new elemerascessibility and user experience.
However, these two new elements proved very chgitbgnto quantify and the
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remainder of the thesis focuses on the four maipigcal elements: safety, design
preferences, environment and economy. Each chatetains a novel method
representing one element of the framework and edwmpter includes a full
methodology section. Figure 3.3 shows the layodt@mtributions of Chapters 4-7.
Chapter 8 then reviews the evolution of the Iris@NN drawing on these novel
methods and results and contextualising the casky sthich follows in Chapter 9.
Finally, the overall contributions of the thesise asummarised in Chapter 10,

Conclusions.

Ch4 Safety
Importance of risk
perception; role of

Ch5 Preferences

User engagement;

planning & design

Ch6 Environment
Embodied carbon
calculation; modal

Ch7 Economy
Tourism potential;
typical spending;

segregation; preferences; shift; background t consumer surplus
design user groups framework planning cases Irish market
| | |
Ch8 Irish NCN

Figure 3.3 - Layout and contributions of thesis tegis

Policy context;

infrastructure types;

route options;
land acquisition

Ch9 Case study
Route challenges;
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methods & results
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4 Understanding perceptions of cycling risk

4.1 Introduction

Extensive cycling research has highlighted neggisreeptions of safety as a major
barrier to the growth of cycling (see Section 2R2pwever, measuring road safety
perceptions among cyclists is complex and requare®mbination of methods of
data collection and analysis that can handle botrantity and quality.
Complementing surveys with unstructured or semuestired interviews open up
some fruitful avenues and the successful applicatef videos, computer
simulations, interactive maps and other visual gdmts towards the key role of
visualisation in road safety research (PrendergasRybaczuk, 2005). Mental
mapping, a creative process that seeks to drawaodt subsequently visualise
people’s experiences of their physical and soaiatosindings, deserves particular
attention, yet has not been fully utilised to exployclists’ perceptions.

The innovative methodology used in this chaptesusequently outlined, proposes
an alternative means of planning infrastructurée th&oth safe but also perceived to
be safe. The results will be relevant to engingaesners, policymakers and cycling
advocates as part of an interdisciplinary respoasmproving actual and perceived
safety and increasing sustainability in transpdt. the end of the chapter,

conclusions are drawn for international cyclingipglincluding greenways, as well

as for the Irish NCN.

4.2 Methodology

This study combines mental mapping, a stated-preéer survey and a transport
infrastructure inventory as part of a mixed-methodinpack perceptions of cycling
risk and to make visible both overlaps and disanes between perceived and
actual safety risks. The results of mental mappind the stated-preference survey
captured perceptions of the cycling environmentjlavia transport infrastructure
inventory collected characteristics of the objestieycling environment. The
resulting qualitative and quantitative data weretamad using Geographic
Information Systems and exported to statisticallyaim software to construct a
model of the individual and infrastructural detemamts of perceived cycling risk.
This was developed using as a case study, survey fdam Galway City, a
university city in the West of Ireland.

! An article based on this chapter was published ident Analysis & Prevention.
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4.2.1 Study Area

Ireland has established a national cycling tardget08 modal share by 2020, yet
safety concerns remain a major impediment to irsingacycling uptake (DTTAS,
2009a; 2009b). There has been a significant riseyatist fatalities and injuries in
Ireland in recent years. Between 2013 and 2014istyatalities more than doubled
from 5 to 12; between 2011 and 2012, the numbayolists injured rose 59% to
630 (most recent figures available). To achieve rtagonal cycling target, small,
compact urban areas with a young population arenddeto harbour significant
potential for modal shift away from the car and aods active travel modes. The
present study was conducted in Galway, a univesity of 75,000 people on the
west coast of Ireland. The study area is affecteé Imumber of issues that might
impede uptake of cycling and a recent qualitativelys that investigated modal shift
among the workforce of a large employer found peeckesafety risks in the city to
be an important barrier to walking and cycling (ssarer, 2013). Galway
experiences mean annual rainfall of 1193 mm andrtean annual temperature is
10°C (Met Eireann, 2015). The city has a cyclingdaloshare of 5%, while 57%
residents travel to work by car, either as a drivepassenger (CSO, 2012a). Recent
cycling-related developments include the installaif raised cycle lanes, a series of
greenways and a bike-share scheme.

4.2.2 Survey Sampling

In this study, people in Galway City who cycle tonk, school or college make up
the study population. Convenience sampling wassatl by presenting the paper-
based survey to potential participants at largenesvéen 2013; random sampling
techniques (e.g. simple random, cluster or steatifiampling) could not be generated
due to the lack of a sampling frame (i.e. a sad@athechanism such as a register); an
intercept survey was also deemed unfeasible dtleetbme required to complete the
survey.lt is possible that this sampling procesy mave biased the results. The
National University of Ireland, Galway campus wassen for its central location (1
km from Galway City centre) and relatively largecliyg population (cycling modal
share 12% and a campus population of 17,000 steident 2,000 staff (Manton &
Clifford, 2012)). As the sample was not randomliestd, it was not possible to
make statistical inferences about all cyclistsmateied the population of this study
(Smith, 1983).

4.2.3 Mental Mapping

While traditional mental mapping studies asked ipigdnts to draw a freehand
sketch (Lynch, 1960),this study utilised a base-wfa@alway City roads and streets
as an assist (see Appendix 1). Participants wereged with one map each (which
included a brief written introduction, outliningethtask) and coloured pens. They
were asked to draw their regularly used (at leastkly) cycling routes and to colour
each route section according to their perceptiothefsafety of that section of their
route: Greenfor safe, Amberfor unsafe, an@Redfor very dangerous. The use of this
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traffic-light sequence allowed for easy expressminrisk, compared to more
complex rating scales. Participants found theigiariand destination on the base
map and translated their mental map into colouegthgs of risk along the route.
The mapping task was undertaken independently of iateraction with the
researcher and there were no time restrictionsedlaan any of the participants.
Participating in this mental mapping exercise a@terespondents a chance to reflect
on their everyday cycling practices and to offens@ractical local improvements.

4.2.4 Stated-Preference Survey

Following the mental mapping exercise, participamesre asked to complete a
stated-preference survey of 28 questions thatatefiiethe findings of the reviewed
literature. Questions on participants’ general icgcexperience and preferences (e.g.
cycling frequency, trip purpose, self-ascribed mglskill, typical infrastructure
used, preferred infrastructure) preceded a serieguestions on cycling safety,
including involvement in road collisions. The ordar questions was designed to
invoke the memory of any previous cycling collisioefore the participant answered
specific questions on factors affecting cyclingesgf including the volume of cars
passing, volume of trucks passing, roundaboutgcadi car parking, speed limits,
road lane width, cycle lane width, and number ofjions. Due to the level of detail
involved in these questions, participants were és&ecarefully consider each factor
before ranking them in order of importance. Finalparticipants were asked to
provide demographic details including: age, gengtegrs spent living in Galway,
employment status, household composition, and\caladility.

4.2.5 Transport Infrastructure Inventory

Data on infrastructural and traffic-based factdfeding safety were collected using
a transport infrastructure inventory of Galway Cithese included traffic volumes
(cars and the proportion of HGVS), on-street cakipg, cycling facilities, road
width, and junctions. The roads in the study areaewdivided into sections of
similar length (generally between junctions anchgsiamed roads where possible)
and data on each road section were collected thrdagk studies and site visits. The
volumes of light vehicles (predominantly cars), \heavehicles (predominantly
trucks) were retrieved from Galway City Council {3), based on annual traffic
counts conducted between 7am and 7pm on a staddgrioh November (the traffic
volume on NUI Galway campus roads was estimatewh fstudent traffic counts).
The locations of adjacent car parking were idegifon site and by using Google
Streetview. The speed limit on all roads was 50kmith the exception of the NUI
Galway campus, which has a speed limit of 20 knfifre locations of segregated
cycling infrastructure were identified from Galw@yty Council. The widths of road
and cycle lanes were measured on site. The nunfilpenciions in each road section
was counted from mapping. A shapefile of the roaivork was imported to ArcGIS
and the polylines were split according to roadisacand inventory data were then
added as attributes to each road section.
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4.2.6 Data analysis

A model of perceived cycling risk was constructegl rhatching the perceived
environment (mental map) to characteristics ofghgsical environment (inventory
data). Mental maps were uploaded to ArcGIS bylatting the colour-coded ratings
of each participant (along with demographic infotio@ to road sections (cf.
Boschmann & Cubben (2014) for sketch maps and tatigk GIS, and Snizek et al.
(2013) for map matching). This yielded a datasewlmch each row represents one
observation (the rating given by one participanbne road section); this dataset was
then imported into the statistical software pack&§RSS (version 21) for analysis.
The perceived risk rating is the response of isteaed is a qualitative variable with
values Green, Amber, Redn order of increasing perceived risk. Factors
(qualitative/categorical input variables) and caai@s (quantitative input variables)
include the physical characteristics of the roactise and the demographics of the
individual participant. A statistical model was mheleveloped to identify the
significant factors and covariates in perceivediogcrisk.

A number of features associated with the studygiegiosed challenges for the
model. Firstly, the response data are qualitatie @dinal. Secondly, observations
for any given participant may be correlated (i.e.each participant rated several
roads, these may be more likely to receive a simd#ing). Thirdly, interactions

between several of the variables can (as in anglystalso arise. Of particular

interest here are the interactions between indalitkvel and infrastructural

variables. The presence of a significant interactiould imply that the effect of one
independent variable (e.g. an infrastructural ottaréstic) on perceived risk

(perceived risk being a dependent variable), diffexccording to a second
independent variable (e.g. a characteristic ofayaist). Also some variables can
mask the impact of others and it was consideredoppiate to exclude certain

variables (e.g. fitness) from the analysis (e.gemvipresent, multicollinearity may
have a masking or other adverse effect). Bearingimd the design and goals of the
study, it was decided to employ logistic regressind to adjust the technique for the
previously mentioned possibility of correlationstween participants’ ratings and
allow interactions between input variables. A Gafised Linear Mixed Model was

applied to investigate multi-category responses ¢bald accommodate the within-
subject correlation through random effects (McCghi@t al., 2008).

The Generalised Linear Mixed Model ‘generalisesedr regression by using a link
function to relate the response variable to a limeadel. Firstly, the linear predictor
is shown in Eqg. 4.1.

Eq. 4.1

62



Where s the linear predictor of the model; iX the factor or covariate (individual
and infrastructural variables) andis the coefficient of the factor or covariate.
Secondly, a logit link function is used in the fogmen in Eq. 4.2.

Eq. 4.2

This is interpreted as log-odds, an alternate wagxpressing probabilities (p), for a
change in the response variable. For this stiRlgd (dangerous) was chosen,
arbitrarily, as the reference category for the oespg variable (results are not
sensitive to the selection of the reference catgg®ased on Eg. 4.2, the log-odds
of a change in the response variable is therefmengn Eq. 4.3.

Eq. 4.3

Equating Eq. 4.1 and Eq. 4.3, the coefficientpf a covariate, X, (such ageand
road width is interpreted as the change in the log-oddsafomit increase in that
variable. For a binary input variable (suchgenderor segregatioh the coefficient

of that variable represents the expected chantgeesitog-odds between the reference
category of that variable and the other categooy.tke only input variable which
has three categoriesycling experiencethere were two parameters involved to
represent changes from the reference to each dimhether categories (i.e. from
inexperiencedo competenand frominexperiencedo highly skilled.

For most input variables, of interest is whethezhange in levels of this variable
increases the log-odds (rather than changes theddg). Thus this tests whether the
alternative/research hypothesis is one-sided aeegwomemorelikely than men to
perceive cycling risk (as suggested by the liteggttather than simply whether there
is any difference between men and women in pemgigycling risk. For other input
variables (such aage), a two-sided hypothesis test is applied (the Ipeséor a one-
sided hypothesis test is half that of a two-sidesd)t In practice, it may be easier for
interpretation purposes to exponentiate the logsaddios, so that then the linear
function described previously is replaced by anomemtiated version and one can
carefully interpret the corresponding coefficieats pertaining to changes in odds
rather than changes in log-odds.

4.3 Results and discussion

4.3.1 Sample Characteristics

The number of survey participants was 104 anddte# humber of observations (i.e.
perceived risk ratings) was 484, an average of dl&®rvations per participant. The
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characteristics of the sample are given in Tahle Rarticipants’ ages ranged from
17 to 58 years (mean = 30.8 years; standard deniati1l0.7 years). It should be
noted that throughout this thesis only adults weeenpled. The majority of
participants were maleand this reflects the natiogeling gender gap — in Ireland
73% cyclists are male (CSO, 2012a). The sampleidedd a majority of students,
undergraduate and postgraduate. While approximatelg third of survey
participants had lived in Galway for less than figars, another third resided in the
city for 15 years or more.

Table 4.1 - Sample characteristics (n=104)

Age %  Gender %
Under 25 years old 36.5 Female 394
25 — 44 years old 48.1 Male 60.6
45 — 64 years old 15.4
Occupation %  Time spent living in Galway %
At work 35.6 Less than 5 years 33.7
Undergraduate studen85.6 5 -9 years 19.2
Postgraduate student 21.3 10 - 14 years 12.5
Other / not stated 5.8 15 years or more 34.6

More than half of the respondents cycled everyday4d), a further 29% cycled
several times per week and the remaining 20% cyessl often. In terms of their
self-rated cycling experience: 29% of cyclists lne study classified themselves as
highly skilled 64% ascompetentand 7% asnexperienced 14% of the sample
classified themselves agry fit 51% asfit, 29% as ofaverage fitness&nd 6% as
unfit. The majority of participants (61%) had not beewoived in a collision as a
cyclist; however it is of note that 39% of respamdehad been involved in a

collision. Table 4.2 summarises the frequency amggse of cycling trips made by
respondents.

Table 4.2 - Cycling trip purpose by frequency
Always (%) Sometime: (%) Never (%)

Commuting 67.4 28.L 4.2
Means to other transport  26.9 47.8 25.4
Health/Fitness 20.5 67.5 12.0
Shopping 19.5 59.7 20.8
Leisure 17.3 76.5 6.2

4.3.2 Perceived Environment

A total of 38 road sections in Galway City receivedating. To ensure robustness,
only road sections with a minimum number of tefmngg were included, leaving 27
road sections in the final analysis. The River Dordivides Galway City
approximately in half, east and west. As the NUM&ag campus and the majority of
residences are located west of the river, roadosecat that side of the city received
the majority of ratings. The most frequently ratedds were in the immediate
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vicinity of the university. Figure 4.1 shows a sampnental mapping response
across a route from Salthill, a seaside suburbheouniversity at the banks of the
River Corrib. The start (residential roads) and écahal towpath and university

roads) are rated aSreen (safe), while one road section is colour&ohber and
anotherRed
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Figure 4.1 - Sample mental mapping response (Mdlgjears old)

Of the 484 road section ratings, almost half (49.6%re Green 29% wereAmber
and 22% wereRed This suggests that the majority of roads are @eed to be
unsafe or very dangerous, and route choice, whergtlists avoid dangerous roads,
is likely to mask the true extent of this perceivésk (Snizek et al., 2013). Of
interest here is the relative influence of indivatwand infrastructural factors in
determining this ordinal rating. For illustrativeirposes in Figure 4.2, the three
response colours have been weighted with valu&sahd 10 in order of increasing
perceived risk. Averaging these values and fornithrge equally-sized categories
allows a rough comparison of perceived risk actbegoad network.
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Figure 4.2 - Galway City road network, indicativerpeived safety ratings and locations of
cycling collisions (a high score indicates a roaaftqeived as dangerous).

Also shown in Figure 4.2 are the locations of tler8ported collisions involving
cyclists in Galway City in 2005, 2006, 2007, 2008182010 (RSA, 2014; most
current data). There were no cyclist fatalitiesGalway in this period. It should be
noted that that cycling collisions, resulting irjuiry, are believed to be subject to
major under-reporting (Short & Caulfield, 2014). timee absence of more reliable
measures (e.g. collision intensity, collisions passenger km or passenger hour),
this source of cycling collisions was judged to bBe acceptable but basic
representation of actual cycling risk. Of the 3dlisions, 23 occurred on road
sections included in this study. Four collisiongmlwith the safe category, 15 with
the unsafe category and four with the very dangecaiegory (all at roundabouts).
Roundabouts were rated as very dangerous by aitipants. Within the limitations
of the arbitrary weighting of response colours a&nel under-reporting of cycling
collisions, this suggests that some perceptiongséfalign with location of actual
collisions.

Finally, a note is provided on the impact of papénts’ route choice which must be
considered for the perceived risk model. Cyclistsyravoid roads that they identify
as dangerous, e.g. those with heavy traffic. Thosild/ lead to a disparity between
stated preference results and mental mapping sesst cyclists may not use the
roads they perceive to be most dangerous. How#hisrywas not determined to be a
significant factor in this survey as the mental piag results show that the vast
majority of participants chose the most direct eobétween origin and destination,
most likely due to the lack of route choice in GaywCity which does not have a
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grid pattern. Many cyclists will also temper safegncerns with time and distance
delays caused by alternative routing.

4.3.3 Physical Environment

The engineering and traffic characteristics of2iieoad sections covered by mental
mapping were compiled in the transport infrastreetinventory. Traffic volumes
ranged between 0 (canal towpath) and 14,791 vehpée day, the proportion of
HGVs between 0 and 4%, road lane width betweend24am. There were two types
of segregated cycling infrastructure: raised cyales and the canal towpath. On-
street car parking was a factor in some areas lamchimber of junctions ranged
encountered in routes mapped by respondents rang@dtwo to nine. Images of
typical types of road and cycling infrastructureGalway City are shown in Figure
4.3.

Figure 4.3 - Clockwise from top left: new raisedleylane on main road, canal towpath,
typical roundabout, and a road without cycle fa@ (Google, 2015)

4.3.4 Stated Preferences

Participants were asked to rank nine physical factone being the factor perceived
as most impacting on safety) according to theiraotn cycling safety. Responses
were categorised as follows; a ranking of betweamd 3 was considered high risk,
4 — 6 was considered medium risk and 7 — 9 coretdéw risk. Table 4.3 and

Figure 4.4 present a summary of the number of resgo that fall under each
category. The key factors seen as causing safetgecos included the number of
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trucks passing, speed of traffic and number of gassing and the presence of a
roundabout. Other factors expressed in qualitatgponses (‘other, please specify’)
included road condition and driver behaviour.

Table 4.3 - Physical factors ranked by concernsifiety (% respondents)
High (%) Medium (%) Low (%)

Speed of traffi 64.C 29.2 6.7
Number of trucks passing 62.9 28.1 9.0
Number of cars passing 49.4 41.4 9.2
Presence of a roundabout 58.2 26.4 15.4
Width of road lane 41.5 36.6 22.0
Number of junctions passed through 21.1 42.1 36.8
Presence of a car parking lane 27.7 30.1 42.2
Width of cycle lane 19.0 27.8 53.2
Maximum gradient 15.3 26.4 58.3
Speed of traffic

Number of trucks passin
Number of cars passin

Presence of a roundabo

® High
Width of road lane g
o | Medium
Number of junctions passed throu

. | Low
Presence of a car parking la |
Width of cycle lane |
Maximum gradient |

0% 50% 100%

Figure 4.4 - Stacked bar chart of ranked safetyceons

Participants were asked a series of follow-up dqoeston the degree to which some
of the previously mentioned factors compromisedrtbafety while cycling. 59%
agreed that the number of trucks passing compralrsaéety, 55% agreed for the
number of cars and 43% for the presence of a rdamda Adjacent car parking,
which can result in ‘dooring’ (cyclists being hiy lcar doors) deterred just 15% of
participants. The maximum speed limit of a road thast participants (57%) would
feel comfortable sharing with motorised traffidéss than 50 km/h, 26% said 50-60
km/h and 17% said 60-80 km/h. Also, the averagebmimof junctions that it feels
safe to pass though in 30 minutes was reportee th'b(although safety perceptions
of junctions vary according to layout and roundabamere considered particularly
dangerous).
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Table 4.4 - The degree to which cyclists feel dactor affects safety (% respondents)

Yes Possibly Indifferent Probably Not No

Number of trucks passi  59.Z 27.2 5.8 5.8 1.€
Number of cars passing 54.5 30.7 4.0 7.9 3.0
Presence of a roundabout  42.6 33.7 7.9 5.0 10.9
Presence of adjacentcar ;5 g7 16.8 23.8 17.8
parking lane

Number of trucks passin
Number of cars passin = Yes/Possibly
Presence of a roundabo Indifferent
Presence of a car parking la | Probably Not/No
0% 50% 100%

Figure 4.5 - Stacked bar chart of degree of pemgivmpact on cycling safety

Participants were also asked to rank their frequesfcuse and preferred type of
cycling infrastructure or on-road cycling positiofsgure 4.6shows the results of the
participants’ actual riding locations and showd tieasonable numbers always cycle
on-road, mostly in the secondary riding positiotoger to the kerb, rather than
‘taking the lane’). Some participants stated tlmatytalways cycle on the footpath,
potentially indicating significant fear of interamt with traffic. Figure 4.6also shows
the participants’ preferred cycling locations wittised cycle lanes (footpath level),
road-level cycle lanes and greenways receivinghibbest rankings. The disparity
between this clear preference for segregated gyatifiastructure and actual levels
of on-road cycling suggests a deficit of dedicatgding infrastructure, a finding in
line with Caulfield et al. (2012).

Off-road greenway
Shared bus-cycle lan
On the footpath

Raised cycle lane

Prefer to use
Road-level cycle lane

On-road (primary pos.) ® Always use

On-road (secondary pos.

0 10 20 30 40 50

% survey participants

Figure 4.6 - Actual and preferred cycling infrastture usage
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4.3.5 Modelling Perception of Cycling Risk

The information derived the mental mapping surveg the transport infrastructure

inventory is summarised in Table 4.5. The namirges®e used in the table does not
precisely correspond to the actual road nameswasitnecessary to combine certain
roads (which are often arbitrarily named) to yiséttions of similar length. The road

sections are included for reference and to enalbled research.

Table 4.5 - Summary of mental mapping and transpéndstructure inventory results

Road Section Green| Amber| Red n LV | HV| W| Seg Park Coll | Jn

Bishop O'Donnell Rd (1) 4 14 2| 20| 8614 | 288 3 N 1 2
Bishop O'Donnell Rd (2) 4 10 0| 14| 5436 | 204| 3 3
Bishop O'Donnell Rd (3) 5 6 1/ 12| 5999 | 149 3 2
Canal Towpath 0 12 1|13 0 0| 1.6 4
Fr. Griffin Road (1) 4 3 7114| 7680 | 184 2.8
Fr. Griffin Road (2) 3 3|11| 4912 | 121] 3
Fr. Griffin Road (3) 3 3| 11| 5157 | 125/ 2.8
Headford Road (1) 6 5/ 13| 6902 | 126| 3.3
Headford Road (2) 4 3| 13| 14183| 545 3.3
N6/Seamus Quirke Roag 5 6 0 11| 11392| 439 3.5
Newcastle Rd Lower (1) 11 9 4 24| 5046 | 94| 2.6
Newcastle Rd Lower (2) 13 11 6 30| 5773 | 107| 2.§
Newcastle Rd Lower (3) 12 4 1026 | 6021 | 109 2.6
Newcastle Road Upper 7 9 5 21| 5105 | 159 2.3

NUI Galway Roads 7 28 0| 35| 1000 | 10| 2.5
Quincentennial Bridge 4 22 7| 33| 14791| 464 3.5
Rahoon Road 4 3 3/ 10| 6903 | 230| 3.2
Salthill Road Lower 4 1|12 4151 | 61| 2.1
Salthill Road Upper (1) 3 4| 14| 6661 | 127 3
Salthill Road Upper (2) 3 2| 10| 6377 | 111} 3
Seamus Quirke Road (1 3 18 122| 8449 | 284 3
Seamus Quirke Road (2 2 19 122 7958 | 274 3
Shantalla Road 4 7 1/ 12| 2150 | 40| 2.6
St. Mary's Road 8 4 517 | 4381 | 64| 2.8
St. Vincent's Avenue 5 1 8| 14| 5717 | 106| 2.2
Thomas Hynes Road 3 5 4 12| 7456 | 220| 3.2

University Road 10 8 20/ 38| 6799 | 97| 213 N Y 1 6

zZ zzZ2zZz2<<zZzZ2zZ2z<zZzzzZ<=<zz2z22z=><XH%x<x=x<m=*x<
Z < <X Z2ZZ<K<K<KzZzzzZ<<<<z2zz2zz2z22=222z2z2ZZ
O O O 0O OO OO O pbp o O OO0 Oo0OkrR »B o oo oo © oo
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Notes Green/Amber/Red = number of green/amber/red sad¢ings; n = Number of ratings received
LV = Number of light vehicles, 7am to 7pm; HV = Nbar of heavy vehicles, 7am to 7pm

W = Width of road lane (m), rounded to nearestrf.1

Seg = Segregated cycling infrastructure, Yes/Nok BaAdjacent parking lane, Yes/No

Coll = number of collisions; Jn = number of junciso
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A Generalised Linear Mixed Model was built in SPS$ere the Subject was the
participant (using a unique participant numberdentify repeated measurements)
and the Target was the perceived risk rating. Theaddrements were the 484
observations, including associated demographic iafidstructural data. The goal
was to assess the extent to which the ordinal biariRating relates to nine main
gualitative and qualitative effects (Table 4.6)eTdualitative variables argender
cycling experienc@inexperienced/competent/highly skilledggregatiorfof cycling
facility; yes/no], parking [adjacent car parking; yes/no]. The quantitatiagiables
are:age LV [per 1000 light vehicles per daypHV [percentage of heavy goods
vehicles],widthjof road lane in metres], and numbeljwifctions

Table 4.6 - Perceived risk model variable inforraati

Variable Category n Percent Minimum Maximum
Green 235 48.6
Rating Amber 141 29.1
Red 108 223
q Female 189 39.0
Gender Male 205 61.0
Qualitative _ _ Highly Skilled 160 33.1
Cycling experienct Competent 298 61.6
Inexperienced 26 5.4
. Not Segregate 324 66.9
Segregation
Segregated 160 33.1
Parking No Parking 230 475
Parking 254 525
Age(years) 484 17 58
LV (1000 veh) 484 0 15
Quantitative %HGV 484 0 3.9
Width (m) 484 2 4
Junctions(no.) 484 2 9

Figure 4.7 displays the percentage of participéortgach category of gender. These
results suggest that female participants percemere roads as very dangerous and
fewer roads as safe (of course, this is not assital inference and has not removed
the effect of other variables). Figure 4.8 illuststhe corresponding summary for
segregation, which appears to have a strong effsdicated cycling facilities
received a larger proportion of safe ratings theadrsections that involve cycling in
motorised traffic. Both of these observations walso suggested by the literature
and the potential interaction of individual andrastructural variables is also of
interest. For example, female participants rategtemter proportion of segregated
infrastructure than their male counterparts — padéiy as they are more likely to
choose a route on segregated infrastructure —caelder people and inexperienced
cyclists.
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Figure 4.7 - Perceived risk rating plotted agai@tnder
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Figure 4.8 - Perceived risk rating plotted agaiS&gregation

To account for interactions between pairs of vdesball two-way interaction terms
were initially included in the analysis and thersteynatically dropped according to
their effect on the significance of main effectent variables have the potential to
mask the effect of others and it was deemed negessaxclude these. This process
was also informed by a thorough analysis of theetations between each variable.
Fitness, for example, was dropped at an early sthgee analysis as it was found to
be highly correlated with, and masking the effeict@ycling Experience; this was
also the case with Years Living in Galway and Agandom Effects were included
to account for within-subject correlations. Thetefit Generalized Linear Mixed
Model components are shown in Table 4.7. In thisletaeach coefficiendq
estimates the change in the log-odd€<Goéenor Amberrelative toRedfor a unit

72



increase in a quantitative variable (units are tlthan parenthesis for quantitative
variables) or the change in the log-odds betweendference and the other category
(or other categories) for qualitative variables.e@kponentiated log-odds ratio,
Exp@), then represents changes in odds; the 95% caowid@nterval for the true

underlying odds, Ex@, is also shown in Table 4.7. Significance is liegh by the
magnitude of the p-value, displayed in the table.

Table 4.7 - Generalized Linear Mixed Model output

95% CI for Exp(%)

Ref=Red & Exp(&) Lower Upper p-value
Age (years) 0.022 1.024 0.984 1.066 0.240
Gender Female 1.526* 4.601 1.336 15.847 0.008
Cycling Experience Highly Skilled  -1.563* 0.210 0.045 0.982 0.024
[ref=Inexperienced] Competent -1.694* 0.184 0.043 0.787 0.012
LV (1000 veh) 0.176** 1.192 1.076 1.321 0.001
%HV (percent) 0.304 1.355 0.903 2.035 0.142
Width (m) -0.977* 0.377 0.153 0.929 0.034
Junctions (no.) 0.006 1.006 0.873 1.159 0.932
Parking -0.521 0.594 0.266 1.325 0.203
Segregation -2.993**  0.050 0.009 0.269 0.001
Age*[Segregation] 0.070* 1.072 1.029 1.118 0.001
%HV*[Gender = Female] -0.500* 0.607 0.379 0.971 0.0

*Significant at the 5% level; **Significant at tH&% level

Individual characteristics

The coefficient forgenderin the fitted model in Table 4.7 B = 1.526 and the
corresponding exponentiated valug*is ,%- = 4.6. This indicates that the estimated
log-odds of choosing green or amber rather thanweald increase by 1.526 for a
female relative to a male (or equivalently, theneated odds of belonging to Red
relative to the reference value Green or Ambenpisaffemale 4.6 times larger than
its value for a male), when the other input vaeabhre held constant. This is
significant at the 5% level (p-value = 0.008). ther words, female respondents are
significantly more likely to rate a road sectiondangerous when compared to their
male counterparts.

For the covariatage it can be seen from Table 4.7 that.%/= 1.024, thus for
each one-year increase age the odds of changing from Red to Green or Amber
becomes 1.024 times larger. However, this changetistatistically significant (p-
value = 0.24). Significant interactions were folbetweenage andsegregatiorand
betweengenderand%HYV. These interactions confirm the hypothesis thatdfiect

of some infrastructural variables differs with mdiual characteristics, but
complicate the interpretation of the main effedfarning to cycling experience,
being a highly skilled or competent cyclist deceshthe odds of perceiving risk by a
factor of 0.18 (p-value = 0.024) and 0.21 (p-vatu@.012), respectively, compared
to inexperienced cyclists. These results regardjagder and cycling experience
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confirm the findings of several other studies (Law®t al., 2013; Black & Street,
2014; Ma et al., 2014; Bill et al., 2015; Dill et.,a2015). Future transport
policymakers and planners should thus considerdles of gender and the lack of
cycling experience in the promotion of cycling.

Infrastructural characteristics

Of the six infrastructural variables, the numbercafs [V), widthof the road lane,
and cyclingsegregatiowere significant. The odds of rating a road sectisnsafe
(i.e. a change from Red) increased witiglth by a factor of 0.48 (p-value=0.01) for
each metre. The number of cars passing increageddiths of perceptions risk by a
factor of 1.2 (p-value = 0.001) for each 1000 vidsc There was no evidence to
show that on-street cgarking the number ofunctionsr the percentage of heavy
vehicle traffic had an effect, (p-values = 0.203932, 0.142, respectively).
Segregation had a strong effect (E4p€ 19.9, p-value = 0.001) as the presence of a
segregated cycling facility significantly increasgerceptions of safety. These
findings confirm the earlier stated preference Ites(e.g. for traffic volume) and
existing research on cyclists’ preferences for sggted infrastructure (Caulfield et
al., 2012; Lawson et al., 2013) as well as poliegt advocacy for reduced motorised
traffic volumes and increased road space for cgclin

Choice of model

The Generalized Linear Mixed Model correctly preelit 92% of Green (safe)
responses and the overall percentage correctlygheedvas 67%. Two other models
were developed, namely multinomial logistic andimatl logistic. Both of these
models gave the same results in terms of signifeanf the various factors and
covariates but differed from the mixed model mutmal logistic analysis in that
segregationand the interaction betweetoHV and gendeeach became non-
significant. It is interesting to note that the mikmodel employed, a multinomial
logistic, has allowed for possible correlation be#w observations on the same
person, whereas the (non-mixed) multinomial andnaitdiogistic models assume
independence of all response observations. Fuksearch could explore which
model is more appropriate for the analysis of diata this study design.

4.3.6 Recommendations based on model findings

The findings are, firstly, very relevant for theoprotion of cycling through traffic
engineering and transport planning. Regarding ogcin traffic, concerns about
traffic speeds and volumes suggest that these dhmuleduced (see discussion on
Hierarchy of Measures in Section 2.3). Also, conseabout narrow road widths
could be improved by increasing the minimum overtgkclearance distance(a
distance of 1.5 m is enshrined in law in FrancdgiBen and Portugal and is the aim
of the ‘Stayin’ Alive at 1.5’ campaign in Ireland&dfe Cycling Ireland, 2015)).
These findings also contribute to the integratiegregation debate by
demonstrating the importance of segregation fouetdn in perceived risk (see
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Parkin et al.,, 2007a; 2007b; Section 2.3). Cyclists a heterogeneous group,
however, and characteristics such as gender arlthgyexperience influence risk

perceptions and infrastructure preferences. Segpégafrastructure may well bring

safety benefits for large sections of the populgtiout space restrictions, indirect
routes and junction requirements mean that shahegoad with motorised traffic

remains cyclists’ primary means of negotiating urk@reas. A combination of

carefully-designed dedicated-space for cycling araking roads safer for cycling,

for example by reducing traffic speeds and volunmsherefore recommended for
improving safety perceptions among current andréutyclists.

The findings also have significant implications feider cycling and transport
policy. Ambitious cycling targets (such as in lredd, require a serious commitment
to changing current attitudes and improving intBoms between motorists and
cyclists (particularly in urban areas).Nationalipplinitiatives could be designed to
both dispel prevailing perceptions of risks andeawareness of the vulnerability of
non-motorised road users. Furthermore, ‘soft’ wedations (e.g. cycle training) and
‘hard’ interventions (e.g. segregated infrastruefwould be designed and targeted at
those user groups, for example women and inexpmtercyclists, which are
particularly sensitive to perceptions of cyclingkri(cf. Garard et al. (2012)) as part
of broader policy of dismantling the ‘fear of cyayi. For example, the gaps between
participants’ stated preferences and actual cydbelgaviour suggest a segregated
cycling infrastructural deficit in Galway City, wheby most would prefer to cycle in
cycle lanes, yet in practice cycle on road in tcaff

4.4 Conclusions

Perceived cycling risk has the potential to ovedsiaobjective cycling risk as the
major barrier to increasing uptake of cycling. @ygl perceptions have received
substantial academic attention over recent yeanseher, this work has focused on
infrastructural determinants of perceived risk amely considers the characteristics
of the cyclist. The contribution of this chapteshaeen to use a novel methodology
comprising mental mapping, a stated-preferenceesura transport infrastructure
inventory and a Generalized Linear Mixed Model tgpack perceptions of cycling
risk.

The conclusions of this analysis and relevancdHerremainder of the thesis are as

follows:

1. Both participants’ stated concerns and the deteaamrevealed by the model
show the impact of factors such as traffic volumd eoad width on perceptions
of cycling risk. In particular, there was a cleareference for segregated
infrastructure throughout the findings. In this o, the remainder of the thesis
examines the case of greenways as one particulan fof segregated
infrastructure for cycling.
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2.

It was evident that not all cyclists perceive tlyeling environment in the same
way — cyclists are not a homogenous group. For el@mwomen and

inexperienced cyclists are more likely to perceig&. This is important to bear
in mind for the planning and design of greenwayxl(aycle routes in general),
as different user groups (e.g. commuters v. tajriage; gender) will have
different sets of requirements and preferences @igace materials, routing).
This finding influenced the design of the greenwaywey and analysis outlined
in the next chapter.

Participants responded well to the mental mappksgase, which delivered rich
perceived safety data and has the potential to pewserful research tool. The
overall method in this chapter represents a nogeeldpment in cycle planning
and introduces an end-user-engagement perspebfivast pursued in the next
chapter in the context of greenways.

Regarding future research, this method could behdur developed using

sophisticated online mapping tools, linked to bieysuitability measures (see
Section 2.3). Engaging cyclists and the generalipubrough GPS-based mobile
applications and the crowd-sourcing of data, inclgcelements of mental mapping,
can further unpack perceptions of cycling risk (fome recent attempts, see Loidl
(2014), Nelson et al. (2015) and Zeile et al. (Qp1Burthermore, these tools could
inform mechanisms for greater public participatiotransport planning.
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5 User preferences for Greenway design

5.1 Introduction

While the previous chapter examined the role otg@ged risk in urban cycling, this
chapter of the thesis explicitly focuses on thagtesf greenways (as introduced in
Section 2.3.4). This specific type of segregatedlicy infrastructure is fast
becoming a feature of the landscape not only tditite non-motorised travel, but
also because it offers a wide range of other enwmental benefits. While the
literature review provided a background to the pegring of greenways, there is a
lack of information on greenways from those who tilsam. The review broadly
demonstrated the importance for route selectioscehery, proximity to urban areas
and separation from motorised traffic, but alsogasged the differing requirements
of user groups. Similarly to the approach in Chagtewhere users were asked to
engage with topics regarding cycle route desigis, thapter presents survey data
from greenway users on conceptualisations of thesées, their functions and
design — from high-level priorities to specific na$tructural characteristics.
Although the methods may not be as innovate asaharpping, a combination of
qualitative, quantitative and ranking questionddgea rich set of data on a hitherto
under-researched form of infrastructure.

Building on the findings of Chapter 4, this chadiestly responds to the segregated
cycling infrastructural deficit, outlining the patigal role of greenways (including
the degree of separation from motorised traffig@céhdly, as perceptions of risk
were found to vary according to cyclists’ charastaers (e.g. gender, cycling
experience), the role of these same characteriatiesstudied in the formation of
greenway users’ design preferences. This infornfimstructural provision which
should move beyond a ‘one size fits all’ approacikednsider a broad range of users
and settings. Finally, this chapter draws on twasteng sets of design criteria
(CROW (2007) and NRA (2011)), to channelsurvey ltesimmto a new framework
for the route selection and design of greenwayschviwill be operationalised in
further chapters of the thesis.

5.2 Methodology

The aim of this chapter is to determine user pesgfegs for greenway design, centred
on four research questions:

1. Purpose what do users consider greenways to be?

2. Planning: which greenway characteristics should be preed?

% An article based on this chapter will be submittadpleer review to Landscape & Urban Planning.
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3. Design how should greenways be engineered?
4. Users how do these preferences vary according to usaracteristics and
how do they influence planning and design?
To answer these questions, a research methodologypresing a pilot study, an
international greenway survey and statistical maagivas designed and rolled-out.

5.2.1 Pilot study

Due to the limited number of greenway studies edrout to date, a pilot study was
deemed necessary to identify any potential chaflengnd to hone research
guestions. A questionnaire was designed basedremiew of the literature and in
consultation with greenway practitioners. It wasided to focus on one greenway
and given its success (in terms of usage and piylithe Great Western Greenway
(GWG) in County Mayorepresented the obvious chdliee key question facing the
progression of the research was whether to calestey responses using hard-copy
guestionnaires or an online survey. This survey waiased at a wider group of
greenway users and one centralised location waglentifiable.To this end, a hard-
copy questionnaire was designed and an online gufeentaining identical
guestions) was programmed in Survey Monkey.

The pilot was conducted during the summer montasgdand August 2013) due to
higher usage rates of the greenway. Approximategnty accommodation providers
(hotels, B&Bs etc.), shops and bicycle hire comeann Westport, Newport and
Mulranny were contacted and visited to display tiaed-copy survey. The online
survey was promoted through press releases amdiewes in local newspapers and
on local radio stations. Figure 5.1 shows the finsb pages of the GWG
guestionnaire. The survey is included in Appendix 2

Figure 5.1 - Great Western Greenway questionnaire
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In August 2013, the online survey was closed amdhihsinesses along the GWG
were revisited to collect completed questionnaislow number of hard-copy
questionnaires were received(approximately 20),dvanvthe completion rate varied
substantially. Business owners reported that wkiene greenway users were
interested, many respondents did not take the toneomplete the survey. Other
business owners had forgotten to display the suordyad lost the questionnaires.
Meanwhile, the online survey received 196 respoasdsa summary of these results
is provided in Section 5.3. A preliminary analysigl not show any significant
difference between these results and the limitedltg of the hard-copy survey.

There were a number of lessons from the pilot stadjurther research:
The online distribution method was considered pedfie due to the higher
response rate and the lower time and financialdourd
The capacity of an online survey (and the queddesigns included) to reach
greenway users was deemed appropriate based mizthef the response
received. For example, the widely cited Failtedrel / Fitzpatrick Associates
(2011) carried out economic modelling based on mp#a size of 100
greenway users.
The pilot survey focused on cyclists and basedesmpanses from walkers
(who used the ‘other’ category) it was decided toaden the research to
include other greenway users and indeed to an#tgseffect of user type on
design preferences.
Rich information derived from several qualitativelegtions showed the
benefits of this question type (particularly for amerging area of research
and practice), though potential response burdegesigd the need for one
clear question.
In general, the positive response and interes&sglts achieved in the pilot study
encouraged the progression to an internationalngrag survey. Minor alternations
were made to the survey as indicated previouslyaisgction 5.3.

5.2.2 International greenway survey

Following the analysis of the results of the pigtdy and further review of the
literature, an international greenway survey wasigied (see Appendix 3 for the
survey).The spring/summer timeframe was choserditribution and the survey
was opened on Survey Monkey between March and AugQ0%4, hosted on
SurveyMonkey (see Figure 5.2 for the survey comeage). Online distribution was
selected in line with the conclusions of the pdoid to ensure a wide international
sample for data collection. The survey was ciradaising social media, blogs, and
emails to cycling organizations, greenway mailirsgsl and tourist groups. This is a
convenience sampling method which entails both raideges (e.g. ease and extent of
distribution, economy, accessibility) and disadeges (e.g. attaining a
representative sample of the entire population)wéler, due to the lack of a
sampling frame for international greenway userg.(@. register or census) and
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indeed the diversity of this population, this methveas considered appropriate. The
characteristics and limitations of the sample asewssed in Section 5.4.

Figure 5.2 - Cover image for international greenvgayvey, clockwise from top left: GWG,
GST, C2C (UK), Vias Verdes (Spain)

The following greenway definition was supplied &g toutset of the survey: “a
greenway is an off-road, traffic-free, constructemking and cycling route, typically
in a rural environment”. It was necessary to previslch a definition due to
terminology complications and to introduce the syrv To provide further

background for respondents, the following greenesgmples were provided: Great
Western Greenway and Great Southern Trail in Icglafias Verdes in Spain and
traffic-free sections of the C2C in the UK. Theseraples offer a variety of

greenway characteristics (e.g. surface materiatdthysetting and user profiles) as
shown in Figure 5.2. The main body of survey questithen comprised three
sections: (i) qualitative understanding of greersydiy) ranking greenway priorities,
and (iii) geometric design preferences.

Before completing detailed, quantitative questioms greenway design
characteristics, respondents were first asked amaitgtive question to gauge
greenway conceptualisations and priorities. Thisstjon read: ‘what do you think is
the most important factor to consider when desigrangreenway?’ Each response
was‘coded’into a word or short phrase that captutexl essence of the response
(Saldana, 2012). These codes were subsequentlyimedntbo identify priority
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themes. It was envisaged that this array of inféionavould be useful for greenway
designers to, firstly, gain an understanding inbavhusers conceptualise greenways
and, secondly, to gain an appreciation of the war@f user preferences and
priorities. These qualitative responses complenakeritee quantitative questions
which followed in the survey (see Figure 5.3 fdypical survey question layout).

Figure 5.3 - Typical question layout in SurveyMaonke

In the literature review, a set of route selectmiteria were developed. These
criteria were predominantly based on NRA (2010bieselection process for roads.
Within this process, road design engineers assigteroptions preference rankings
(e.g. preferred, intermediate and least preferbedled on experience in road design
projects combined with the engineer’'s personal gmagnt and some quantitative
tools. However, as stated before, this process meshidapted for greenways (as
these routes possess very different characteriatidspriorities to roads), yet few
data or tools exist to this end. Therefore, theseer selection criteria were presented
to respondents in a ranking question to ascertdiichwcriteria greenway users
would prioritise. One addition was made — desigan-the basis that while road
schemes are regulated by engineering standardsnwags are not (yet). To aid
respondents, a description of each criterion wasiged based on the NRA process,
the literature and the author’'s personal judgenm@atble 5.1). The qualitative
question enabled the degree to which these destrgptmatch respondents’
perceptions of greenway priorities to be analysed keywords used and how the
responses are coded).

Table 5.1 - Route selection criteria

Criteria Descriptions

Safety Interaction with traffic, route width

Connectivity Accessibility, public transport, oth@rcling routes
Design Surface, route, food & drink, toilets, biee

Environment Minimising carbon emissions
Integration  With policy and plans: tourism, Smaifeavel, health
Economy Maximising benefits in relation to cost

A second ranking question immediately followed theking of the aforementioned
route selection criteria. This question used CROW2007) cycling design

requirements as adapted by McCarthy (2011) (whe@dokrsonal security’) (Table
5.2). Although these are intended as design reaeings, it was informative to ask
respondents to undertake the same ranking procgaantecularly as this facilitated a
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comparison with the results of McCarthy (2011)w#s also illustrative to compare
these results with the previous ranking questiah tangarner lessons for the route
selection methodology on, for example, categonsatind terminology for criteria.

Table 5.2 - CROW cycling design requirements

Criteria Descriptions

Attractiveness Route layout, proximity to amenities
Coherence Continuity of the route, connection s, parking
Comfort Surface materials, gradient, stress levels
Directness Distance and time, lack of delays, dismiag bikes
Safety Proximity to traffic, number of junctions

Personal security Anti-social behaviour, lighting, personal safety

The next and most detailed section of the surveycemed greenway users’
preferences for specific design characteristicsage of important characteristics
was selected from literature, including surfaceemals, gradient, width, mixed-use
versus segregation, number of junctions, andacokptistance between suggested
facilities. The options and formats for these goest are outlined in Section 5.7.
This section of the survey also included questionsspending on greenways the
results of which are used for the economic modgiimChapter 7. The final section
of the survey recorded the demographic and otharackeristics of the sample,
including: age, gender, country of birth, country residence, marital status,
employment status, usual mode of travel, self-rigpbrfitness, and cycling
experience

5.2.3 Statistical analysis

In the vast majority of these cases, the majorgpegice of the sample was clear and
it was not deemed necessary to explore the dadayrfurther detail. However, in
two cases (whether to segregate between pedesamahsyclists, and the choice of
surface material), it was of particular interesotiserve the effect of the individual
characteristics of the greenway user on these narefe and statistical models to
measure the effect of each variable of the respamse developed. To this end, it
was decided to build a logistic regression modelofze of the design preferences —
the choice surface material. For reasons outlinegsleiction 5.7.3, it was necessary to
reduce this choice to ‘asphalt’ and ‘not asphdhis was deemed appropriate as
asphalt is recommended by the literature and wasnthjority preference in the
survey results. It was therefore of interest to wbeh variables (demographic and
greenway/travel characteristics of the individuademnway users, e.g. age, greenway
mode, fitness) have a significant impact on theiagh@f surface materials.The
response is a categorical dependent variable withmbminal categories of response
and therefore a (binomial) logistic regression nhodes selected.

Although the Generalised Linear Mixed Model constied in Chapter 4 is a much
more complicated construction (e.g. an ordinal @esp variable with more than two
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categories as well as correlated observations)utidamentals regarding the format
of the parameter estimates and the interpretatfothe results are the same and
therefore are not repeated here. The dataset wasex (no missing values) and
imported to SPSS (v21) to build the model. The otgpvere a table of descriptive
statistics and the parameter estimates of the naakthese are discussed in Section
5.7.3.

5.3 Pilot study results

The Great Western Greenway survey received 19®nsgs and the key results are
summarised here. In general, the online distrilbutimethod was considered
successful and this was the main finding of thetpstudy. While the majority of
responses to the question ‘how regularly do yodecgno the GWG’ related to annual
or monthly use, 19 people chose the option ‘neasad several others wrote ‘walk’
in the ‘other — please specify’ section. As walkimgs also specified in responses to
further questions (and may have therefore infludnsults), it was decided to
rephrase questions and add a walking option fomtieenational survey.

The sample was mainly composed of leisure users kgt taken a trip on the
greenway in the last year. Design preferences dedwa maximum gradient of 3-5%,
2.5-3m width and asphalt surfacing (77% of firgfprences). The specified optimal
distances between greenway facilities were 3-5 kan¢h/table), 6-10 km (toilet)

and 11-20 km (food & drink stops). In the rankingegtions, the first preferences
were safety (NRA criteria) and attractiveness (CROMteria). There were mixed

views on the effect of adjacent parking, while sldause with pedestrians and
cyclists was not considered a deterrent. Just 4% wpeeviously involved in a

collision on a greenway and causes included cofisiwith other cyclists, gates,
groups of pedestrians and loose gravel. None ofethresults was particularly
surprising and only minor changes were subsequemdlje to these questions.

The GWG pilot survey included several qualitativeestions which were included to

source ideas for further research as well as figpeeific questions and options.
The main suggestions for additions to the GWG wen@roved signage (18
responses), rain shelters (12), repair stationy (@&er facilities (10), toilets
(8), camping/picnic areas (5), food & drink vend@tsand bike parking (4).
Suggestions for general greenway design includedremgreenways
nationally / extension of GWG to Achill Sound (13gmoval of sections
with traffic (13), asphalt surface for full lengtfi2), removal of cattle
grids/kissing gates/dismounts (7), improved sign@)e food/drink/water
stops (5), removal of steep gradients (5).
The ‘biggest issues’ that respondents stated whkolld, if addressed,
encourage them to cycle more often were: more grags/separation from
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traffic/safety (54), better weather (13), improv@dess/health (9), motorist
awareness / reduced speed (8), and more free Sime (
While it was not possible to incorporate all of gheissues into the international
greenway survey, these responses neverthelessmedorthe overall research
approach including, for example, the importancegqieon separation from traffic.

5.4 International survey sample characteristics

There were 1,002 responses to the online greenwag\s from greenway users in
26 countries. Table 5.3 shows the breakdown oforesgs by country of residence
and country of nationality. Due to the use of theglish language, the sample is
skewed towards countries where the majority of plogulation speaks English
(Australia, Canada, Ireland, New Zealand, UK andWw@8count for over 90% of the
sample). This skew may have an effect on user meées as cycling conditions
vary by country and English-speaking countries gahehave lower cycling modal
shares (Pucher & Buehler, 2012). The sample wasthiwds male and mostly
middle-aged (albeit with a large age range: thengest survey participant was 17
years old and the oldest was 80). These demogaplacvery similar to Lumsdon et
al.’s (2004) findings on the North Sea Cycle Roiltee majority of the sample was
married (61%) and employed (81%) and the averagebeu of children was 1.2.
The average income was quite high (more €10,0@@tahan the average Irish and
US incomes), although the response rate for thestipn was far lower than the rest
of the survey. Furthermore, many studies have shthah cycle tourists (as an
example of one greenway user group) tend to beehigitome earners and that this
income is connected to higher spending (Lumsdah.e2004; Weston et al., 2012).

Table 5.3 - Demographic characteristics of the slemp
Demographic characteristics

Age years Income €
Average 447 Average 56589
Standard deviation 12.9 Standard deviation 41626
Gender %  Marital status %
Female 35 Single 34.8
Male 65 Married 60.8
Divorced/Separated 3.9
Country of residence % Widow/widower 0.5
Ireland 38.8
UK 13.3 Employment status %
Rest of Europe 4.2 Employed 81.1
North America 38.2 Retired 9.7
Australia & New Zealand 3.3 Unemployed 5.8
Rest of World 2.3 Student 3.4
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The travel characteristics of the sample are gimehable 5.4. These statistics are
difficult to validate or compare with other studees few have consider the impact of
these characteristics on greenway use (see SebtibB). Although Deenihan’s
(2013) cycle tourist survey found a similar modalare pattern, demographic
characteristics were quite different. If the sampbes intended to be representative
of the wider commuting population, there would beear over-sampling of bicycle
commuters (31%) which represent 1-2.5% of all cotemsuin Ireland, UK and USA
(CSO, 2012a; Pucher & Buehler, 2012). Howevers itdasonable to assume that
bicycle commuters are more likely to be greenwagraisnd indeed some greenway
use represents commuting to work, school or collegee average commuting
distance is broadly in line with the average l@gid American commute (10-20 km;
CSO, 2012b; Pucher & Buehler, 2012).

Table 5.4 - Travel characteristics of the sample
Travel characteristics
Usual mode of transport % Commute distance %

Car (driver) 50.4 <1 km 11.4
Car (passenger) 14 1-2km 7.3
Bicycle 30.6 2—-5km 17.6
On foot 9.8 5-10km 20.1
Public transport 6.8 10-20km 22.8
Motorcycle/scooter 1/1 20 -50 km 14.5
> 50 km 6.2
Fitness %
Very fit 17.6 Cycling experience %
Fit 46.2 Highly skilled 34.3
Average 32.3 Competent 57.6
Unfit 3.9 Inexperienced 8.1

5.5 Qualitative results

Based on the initial qualitative question, the greay conceptualisations and design
priorities of respondents were outlined. Of theO2,@esponses to the survey, it was
possible to code 937 responses under one of 28 titthis broad range of coding

was generated based on existing literature andcoinéent of responses received.
Where the intentions of the respondent were clarty effort was made to create a
code for this response. Descriptions of each coele wlso derived from responses
and are included along with the number of respomsegable 5.5. There was an

average of 11 words per response, though one-gixitsponses contained one word
only. Of these, ‘access’ or 'accessibility’ andfetg’ were the most common terms

used, which itself is indicative of the prioritiebgreenway users.
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Table 5.5 - Greenway priorities - qualitative resge coding

Code Description n
Accessibility Ease of access; for all abilities; landowner ac 134
Safety Interaction with motorised traffic; junctgrsurface; security 121
Scenery Views; landscape; changing landscape 99
Separation Entirely traffic-free; buffer from traff quiet 98
Connectivity To public transport, urban areas,lf&es, points of interest 84
User experience Overall experience; design user; comfort 83
Environment Natural feel; improves biodiversityywi@arbon materials 70
Surface Flat; smooth; materials; well-maintained 56
Location Setting; Place-based character of theerout 50
Economy Maximum usage and benefit-cost ratio; veogportunities 27
Interest Points of interest along the route; hgdtarchitecture 25
Community Public consultation; community suppaatydowner consent 23
Width For all user types, including overtaking 18
Gradient Not too steep; accessible for all absitie 11
Signage Adequate and informative signage 10
Continuity Continuous separation and surface; fire@ obstacles 9
Length Covers the maximum length possible 7
Infrastructure Uses existing paths; preserves disugilway corridor 6
Drainage No ponding; maintain surface integrity 4
Loops Route is a loop; route connects to loops 2

5.5.1 Conceptualisations of greenway functions

The variety of priorities outlined in Table 5.5 s¥® that users conceptualise
greenways as serving various functions. Considemnigh-level functions, the most
common perception was that greenways serve asdomsrifor human use, rather
than, for example, the conservation and greenbaetttion identified in the landscape
literature (see Little (1995) and Ahern (2004)rarTable 5.5, the five codes which
received the highest number of responsesdssibility, safety, scenery, separation
and connectivity reflect this perception by placing an emphasidgioman use (and
in particular the ease and enjoyment of use). Tihding is unsurprising given the
definition of greenways provided to responses &edgrowing belief in greenways
as corridors for walking and cycling. Nevertheleggenways are multi-functional
corridors and their environmental function was raTed by several respondents.

Beyond this, a second interesting conceptualisati@s the conflict between
leisure/tourism use and commuting/utilitarian trif$ie priority given to scenery,
separation etc, rather than directness, for examplegggests a recreational
orientation, however, the emphasis placed on cdivwitgcappears to demonstrate
utility travel potential. Many responses outlinagstconflict:

"Greenways need to link people and activity cenfteans, cities, villages). They
need to be part of the community not just randome® through remote areas"

“[A greenway] cannot be a road to nowhere, it stiottlbe just a ‘destination place’
but a place that gets you to your destination”
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Finally, a general theme of the responses wasdtegnways should be open and
accessible for all, rather than for highly skillegiclists or specialist users. This
theme is also clearly seen in the willingness-tg-@sults as well as in the approach
of theVias Verdesetwork in Spain. This is discussed in more détaihe ‘access’
design priority.

5.5.2 Greenway design priorities

There are clear links between several of the maierging themes (in particular
betweenaccessibility and connectivity betweensafety and separation and the
coding and descriptions in Table 5.5 were compdgedake visible the terminology
used by respondents. The codes were subsequemtiiireed (see Table 5.6) to
identify five main greenway priorities for furthanalysis. These were: (i) access, (ii)
safety, (iii) user experience, (iv) design charastes, and (v) sustainability.

(i) Accessibility

Ease of access or connectivity was perhaps theeskea&xpression of users’
greenway priorities. This included the accessipibf trail heads, connections to
other greenways, connections to public transpaitlacal population areas (thereby
maximising usage) and generally ensuring a laclbafiers. Many respondents
noted that greenways should be accessible “foralalities and ages”, including
wheelchair users, and this should be consideretkiarmining gradients and other
physical design characteristics. Although sepanatisolation and scenery were
emphasised, this must be balanced with good atdédysi as two respondents
noted:

“Good connectivity to transport, roads and poirftinterest along the route. It's a

matter of balancing the joy of isolation, with theed to enter or exit at reasonable
intervals, and in the right places”

“Either something accessible from cities/easy totgeor something very scenic, or

both!”
Generally, the priority given to accessibility seeto indicate that many existing
greenways are inaccessible and/or unconnected. Syntbese greenways are
planned opportunistically using any available ‘eodacilitators’, such as natural
features, which may not connect to trip destinatiorhis was summarised by one
respondent as:

"A creekside trail is pleasant, but one that getepgbe where they want to go is

better."
There was also a sub-theme of access for and capewith landowners, which
has emerged as a significant issue for the devedopraf greenways in Ireland,
particularly for the route selection of the GalwayDublin Greenway.

(i) Safety

Safety was regarded as the second priority formyvag development and the vast
majority of responses related to the minimisatidnirderaction with motorised
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traffic. As the characteristic ‘traffic-free’ wasdluded in the greenway definition
provided to respondents, it is possible that withihis descriptor, ‘safety’ would
have received even greater priority (as expanded up Chapter 4, safety is ranked
as the primary concern in the vast majority of mgsbased studies). In this survey,
respondents continuously noted the needskparationfrom motorised vehicles.
Many of these responses could relate to user etpmxi as described in (iii),
however, this information has been included hen¢ @smarily relates to safety. For
example, respondents prioritised greenway desigmshware “entirely traffic-free
with buffer”, where there is “peace and quiet, avirayn traffic” and mitigate anti-
social behaviour. Two responses received were:

“That people feel safe on and around it. Users rnteetkel safe and also local
residents and stakeholders need to feel that ittatinact unsocial behaviour.”

“Safety would be of paramount importance, if theegway is going to extend over

a long distance you require first aid points aufagintervals.”
Many aspects of safety highlighted also relatetheoengineering characteristics of
the route, e.g. paved surfaces without pothole$e $anction design, width
(especially in the context of sharing with pedests) and geometric layout,
including sight lines. For example, the greenwasigle priority for one respondent
was:

“Engineering it to be safe at cycling speeds. Tisatno sharp or blind curves.

Generously wide enough for two-way traffic. ”
Most of these safety-related priorities have begggested by the broader cycling
literature (and have been included in the statefepence questions), however,
greenway design presents some unique challengenfpneers. For example, there
is a need to balance a safe design with the miatmis of incursion into the
landscape as well as a balance between separaticacaessibility.

(iif) User experience
A constituency of responses related to the broddgoay of ‘user experience’,
including scenery, route location or setting anduding points of interest. In fact,
many respondents simply cited the “experience” lcdtion”. More detailed
responses unpacked this experience by generattingla large emphasis on scenery
—including a ‘natural feel’ and a changing langsearhe importance of landscape is
to be expected given the role of greenways in leayoks planning and the priority of
this experience was thus summarised:

“That it passes through a beautiful or interestamgdscape - from my perspective,

this is not about just being out in the air, buinbgeable to pass through such a
landscape.”

“User experience from a sensory perspective: Aigts, smells, feel of the tread

of the path, etc.”
Many other respondents noted the need for a vaokebuilt environment points of
interest, including cultural and heritage aspeetg.(an old railway or canal). A key
element of the user experience was also relatetheocomplete separation from
motorised traffic. As outlined previously, this liglated to noise, air quality and
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safety as part of a more comfortable experiencee @ish greenway user urged
against the use of the hard-shoulder (i.e. on-oyateway) for this reason:

“Completely separated from traffic, i.e. not omdhahoulder”

There are significant challenges in quantifyingotinerwise designing for some of
these characteristics such as landscape (althooghiw this area includes Lindsey
et al. (2008) and AECOM & Roughan O’Donovan (2012815b)). For other
elements of the user experience, such as commpteation from motorised traffic
to yield a tranquil environment, high priority shdwbe given. However these pose
challenges including for land acquisition, acce$igtand cost.

(iv) Design characteristics
A variety of specific physical route design chaesistics were prioritised by
respondents. These included: surface, continuiigthwgradient, drainage, signage,
water points, length, infrastructure and loopedesudescriptions for each of these
are provided in Table 5.5. The most important desibaracteristic according to
these respondents is surface, including maintendndéis section, a clear conflict
was present between a desire for a smooth, usasfipalt, surface (generally by
cyclists) and a natural, environmentally-friendlyrface (generally from a
conservation approach). This is illustrated intthe responses:

“From a cyclist's point of view: surface qualityedls to be well-laid and smooth,

not a mess of mud or potholes or huge chunks afestivat requires mountain bike
tyres and is barely passable in winter.”

“Maintain a rural feel (no tarmac)”

This issue of surfacing material is discussed imendetail in the stated-preference
results, where it is interesting to observe thea# of greenway mode choice on
design preferences. For the characteristics widthgradient, a strong emphasis was
placed on design for the comfortable, accessibiesaifie use by variety of users, for
example a “wide path with gentle slopes so thist @asy to use by all”.

(v) Sustainability
The final emerging theme focused on the broaderetwdcimpact of greenways.
These codes conveniently corresponded to the tipibars of sustainability
(environment, economy and society) and are degtrileze as the environmental,
economic and community impacts of greenways. Thar@mmental function of
greenways was the most reported of these and detateonservation, improving
biodiversity and educating users about nature. @lsig includes the ‘natural feel’ as
expanded upon in ‘user experience’ and many oftlisers were distinctly opposed
to the use of asphalt or concrete surfacing andotrer-use of signage, picnic
benches etc. This theme is summarised in the follpiwo responses.

"As well as it being a route without cars, it stibdlso be a refuge for native

wildlife, functioning as an ecological corridor, iwsh can be very important for
biodiversity."

"A greenway must be green that implies that itustainable and doesn't damage
the habitats it passes through. The greenway giplesshould enhance surrounding

89



biodiversity. Native species of local stock shob&lplanted along the greenway to
enhance biodiversity."

Economic impact, although reported as a priority #8 smaller number of
respondents, represents a vital component for secfunding and informing policy.
Respondents’ views on this area centred on enstiiegconomic viability of the
greenway by establishing the need for the routeegging demand and otherwise
maximising usage, for example:

"The most important factor is that the facility Mbke used"

"No point having a Greenway from nowhere to nowhasét will not see sufficient
traffic to justify the expenditure.”

Finally, the need to consider the impact on thallcommunity was clearly stated in
several responses. This feature of greenway plgnisnwell established in the
literature (cf. Little (1995)) and respondents eagbed community consultation,
involvement and buy-in. One greenway user’s phrasegriority as follows:

"Support of the various communities along the langt the greenway and their
feedback"

Other responses discussed the importance of thegyriand security of local
residents as well as landowner consultation andsaclthough this sustainability
priority is challenging for the engineer, it is amerging component of an ever-
broadening toolbox, which now includes environmkemtgact assessment, cost-
benefit analysis and extensive public consultatitach of these areas is discussed in
further detail through this thesis.

5.5.3 Summary

The 937 responses to the qualitative questions wkassified into 20 codes and
further analysed to form five main greenway priorihemes, which were then
summarised, including quotes from 20 different oesfents to add depth to the
discussion. Table 5.6 shows how the 20 codes wemebimed to form priority
themes.

Table 5.6 - Combining codes to form greenway prrdriemes

Category Codes n
User experience User experience; Scenery; Locdtiberest 257
Safety Safety; Separation 219
Accessibility Connectivity; Accessibility 218

. ... Surface; Continuity; Width; Gradient; Drainage;
Design characteristics_. 123
Signage; Length; Infrastructure; Loops

Sustainability Environment; Economy; Community 120
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Although there was significant overlap between sslveodes and themes, it is
envisaged that this combination will shed sometligh the conceptualisations and
priorities of greenways, as considered by theirsis&s the results are qualitative,
the number of responses received by each themessenly as a basic indication of
their priority. Significantly more quantitative @dtis added in the stated-preference
discussion and conclusions are considered togatigsction 5.6.3.

5.6 Matrix results

5.6.1 Route selection criteria ranking

The first ranking question related to the NRA (20pioject appraisal criteria for

route selection as outlined in Section 2.8.2. Te fike criteria (economy, safety,

environment, accessibility and integration), ‘desigvas added to capture the
specific design requirements for cycling. Respotslevere asked to rank these six
criteria in order of importance for the “planning a greenway or greenway
network” and the descriptions provided are outlined Section 5.2.2. Figure

5.4shows the clear priority is safety (35% firstefprences), followed by

connectivity and design, while the remaining threteria received less emphasis.

Safety
Connectivity 1st
Design =2nd
i = 3rd
Environment
m4th
Integration m=5th
Economy [FEEERS " 6th

0% 20% 40% 60% 80% 100%

Figure 5.4 - Stacked bar chart of ranked NRA radkection criteria

These results and the priority themes developdharprevious section show a good
degree of alignment — safety and accessibility/ectivity are the top two
preferences, while sustainability (incl. environmemd economy) were ranked
lower. Unlike planners and engineers, end-users moaye aware of the challenges
in and importance of: (i) complying with legislatig¢particularly environmental), (ii)
complementing existing policies and plans, or (@maining within budget or
delivering the best value for money. Neverthelsssne of these elements may be
incorporated in more highly-ranked criteria. For aewle, connectivity or
accessibility is regarded as highly important aasl Chapter 7 shows) this can be
translated into economic significance using a traest model (based on greenway
access and usage). Furthermore, while integratiymmot be highly regarded, many
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of these policies or legislation may enshrine aliguaser experience (e.g. tourism
development, air quality) or safety (compliancelvgtandards).

While these ranking results are data-rich in tewhsusers’ preference, for the
reasons outlined previouslythey also show the étiahs of quantifying route
selection criteria based on a user survey. Whesethgteria are utilised by the NRA
for road route selection, they not weighted (a$iviECOM/Roughan O’Donovan’s
(2015) applications to the Galway-Dublin Greenwaggher they are all seen as vital
elements and the engineer uses his/her experiendejualgement to select a
preferred route based on a range of outputs. Insivase, the purpose of this section
was to identify a set of core criteria which canused for greenway route selection
and about which some quantitative indications cauldéveloped to inform engineers
and planners.

5.6.2 Design criteria ranking

The second set of criteria to be ranked was thab@ded by CROW (2007) for

cycling design, presented to respondents as “desigsiderations”. These criteria

were adapted by McCarthy (2011) to include perseealirity (i.e. whether the route

is overlooked, in line with the ‘eyes on the strgminciple) and are described in

Section 5.2.2. The results are displayed in FiguBe This information shows that

there were similar levels of importance attachedttoactiveness, coherence and
safety: 24-29% first preference, 43-48% first amdond preferences. The main
differences between NRA and CROW criteria (oth@ntkheir respective emphasis
on route selection and design) was the inclusiah @ominence of attractiveness.
This is indicative of the more user-centric natafehe CROW criteria. Coherence
(which is related to connectivity) and safety walso highly-ranked.

m st
m2nd
= 3rd
m 4th
m 5th

6th

0% 20% 40% 60% 80% 100%

Figure 5.5 - Stacked bar chart of ranked CROW ddte

Meanwhile, McCarthy (2011) found the following ordef importance for leisure

cyclists: safety, attractiveness, personal secucbynfort, coherence, directness. It
should be noted that McCarthy's (2011) results wesised on an expert survey,
drawn from stakeholders in the Irish NCN, rathanttirom end-users, and this is
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likely to have affected the rankings. Furthermdhat route selection included on-
road elements and this could explain strong psiagiven to safety. An evaluation
matrix was then developed by McCarthy (2011) tolypipese (weighted) criteria

(see Table 2.21) to the route selection of the kgdlr-Dublin inter-urban cycleway
(see Deenihan et al. (2011)). While this approaxctttie broader route selection of
greenways will not be followed completely, the usand design-oriented criteria
advocated by CROW (2007) and the quantified chstkiér QoS approach

supplemented by McCarthy (2011) has nonethelessrngd the formation of

planning and design criteria in this thesis.

5.6.3 Developing a greenway planning and design framework

Comparing the results of the qualitative questitmghose from the two matrix-
based questions, a framework for the planning aesigd of greenways was
developed. The three sets of criteria are listeduding the limitations of each:
NRA route selection criteria (adapted here to ideldesign) are limited for
greenways due to their intention for roads(e.gytde not include any
element of the greenway user’s experience)
CROW cycling design criteria (adapted by McCarttd011) to include
personal security) are limited by their main intentfor commuter and urban
cycling (e.g. inclusion of directness) and the la€lplanning necessities (e.g.
economy and environment)
Priority themes from survey results (developed heare limited by their
derivation from coded qualitative response (rattban metrics or
engineering experience)

The three sets of criteria were initially combirgdjectively, although assigning a
score of 6 to 1 for each criterion gives the saewilt. In Table 5.7 each element is
tracked by colour to show its contribution to thedeesult. This final framework
includes 5/6 criteria from NRA (2011), 4/6 from CRO(2007) and 5/5 from
greenway users’ priority themes. Two criteria hbeen omitted: integration (which
is considered to be a precursor to any greenwagnsehand directness (which has
been disregarded for greenways by survey resposidentthe literature).

Table 5.7 - Formation of final framework for rogelection and design

NRA (adapted) CROW (adapted) Results themes Final framework

Safety Attractiveness Accessibility Accessibility

Access Coherence Safety Safety

Design Safety User experienc{ User experience

Environment Personal security Design Design

Integration Directness A Environment
Sustainability

Economy Comfort Economy

This framework leaves space for planning and emging experience, judgement
which can account for local conditions. To inforhese decisions, some data and
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metrics are required and these are developedsritibsis for safety on cycling route
sections with interaction with traffic (Chapter 49r environment (Chapter 6) and
for economy (Chapter 7). The framework is laterrapenalised in the review of the
Irish NCN (Chapter 8) and the case study (Chapter 9

5.7 Geometric design results and discussion

Survey respondents were asked to provide theirepr€es on the following
greenway characteristics: surface materials, maxingwadient, minimum width,
mixed-use between pedestrians and cyclists, maximwmber of junctions and the
optimal distance between a range of facilities gltive route. The most important of
these, surface materials, has been cross-tabulatithd demographic and other
characteristics also collected (e.g. age, gendedenresidence, marital status, usual
mode, fitness, cycling experience). To statisticathte the significance of the effect
of this preference, the potential effects of ottlearacteristics must be accounted for
and this is outlined in the multinomial logistigression model.

5.7.1 General design preferences

Table 5.8 shows respondents’ preferences for gragnsurface materials, 60%
opting for asphalt while 17% and 16% chose earth gnavel respectively (in line
with the literature reviewed in Section 2.4.2). Tdnealitative results indicate that
comfort, safety and continuity underpin this prefese for asphalt. Nevertheless,
guestions remain about the suitability and expearfsasphalt surfacing in many
environments (including embodied carbon — see @hdjjtand there is a variety of
other materials available (cf. NCA (2014) and Sarstr(2012)). Finally, both the
literature and qualitative responses emphasisedirtiportance of maintenance,
regardless of materials used. As surfacing is ticodar area of interest, this will be
examined in further detail through cross-tabulatisith mode of travel on
greenways and further in the surface model.

Table 5.8 - Surface material preferences

Surface Asphalt Gravel Concrete Earth Total
No. respondents 465 123 54 134 776
% 59.9 15.9 7.0 17.3 100

Preferences for maximum gradient are tabulatedablel' 5.9 and show a median
preference for a maximum gradient of 5%. Meanw!@&% and 15% of respondents
selected maximum gradients of 10% and 20% respedgtit should be noted that
the typical maximum gradient for a motorway (5%)swprovided to inform
respondents. The design manual literature (cf. Spart Scotland (2011))
recommends a ‘preferred’ maximum of 3%, althoughadisolute’ maximum of 5%
is also included. Steep gradients (such as 10-2peé3ent major accessibility
challenges for inexperienced cyclists and for thesth mobility impairments,
including wheelchair users, and this was raisetiénqualitative responses.
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Table 5.9 - Maximum gradient preferences
Max. gradient Flat 1% 3% 5% 10% 20% Total

No. respondents 5 39 167 257 225 122 815
% 06 48 205315 276 15.0 100

The results achieved for width preferences (Tahl®)sshow close alignment with
the literature. Overall, 55% of survey participasédected 2.5 m or 3 m, while the
literature recommends a value of 3 m. One possisige here (as with gradient) is
that respondents may simply have selected the mmlalion and this is a limitation
of stated-preference surveys — although this doesppear to be case with the rest
of the design characteristics. The provision fodtwiis connected to whether the
route is segregated or mixed-use, for which Sust(a@09) recommends widths of 3
m and 5 m, respectively.

Table 5.10 - Width preferences

Width 2m 25m 3m 35m 4m Any Total
No. respondents 107 192 257 99 90 75 820
% 13.0 234 313 121 11.09.1 100

Respondents were posed the question “would mixed{asy. walking, cycling,
wheelchair users, skaters) deter you from usingegmgvay and the results are
tabulated in Table 5.11. The results give a cladrcation that users would not be
deterred on this basis (as is best-practice): iQuegters responded ‘no’ or ‘probably
not’. Nevertheless, as some respondents expressedrgpreference for segregation
on the basis of safety in the qualitative resuhss design feature is examined in
more detail in the cross-tabulation with mode af/&l in the following section.

Table 5.11 - Segregation (between pedestrians gdikts) preferences
Segregation  Yes Possibly Indifferent Probably not No Total
No. respondents 28 127 55 223 392 825

% 3.4 15.4 6.7 27.0 47.5 100

Regarding car parking, the survey included a qaestiwould the presence of an
adjacent vehicle parking lane deter you from usangreenway’ (see Table 5.12).
While a large majority (70%) responded ‘no’ or ‘pably not’, this represented a
greater deterrent to greenway use than sharingaine between pedestrians and
cyclists. As greenways are (or should be) genera#il separated from motorised
traffic, the issue of ‘dooring’ may not be consel@ras much of a risk as with on-
road cycle lanes: for example, in the perceiveetgasurvey conducted in an urban
area (Chapter 4), 15% were deterred from usingirmgycinfrastructure by the
presence of an adjacent car parking lane. Meanwbkdme qualitative responses
highlighted the importance of car parks at traddefor accessibility purposes.
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Table 5.12 - Adjacent parking preferences
Parking Yes Possibly Indifferent Probably not No Total
No. respondents 61 243 108 238 171 821
% 7.4 29.6 13.2 29.0 30.8 100

Respondents were also asked the number of junctimaisthey would feel safe
passing through in the course of 30 minutes onesrgrvay (see Table 5.13 for
results). The median number of junctions was 5,evtlie mean was 4.34 with a
standard deviation of 2.15. These results confimfindings of McCarthy (2011),
who (using the same question design) judged padsirmgigh 5 junctions in 30
minutesto bea good to medium standard. This saidnust be considered that
junctions are not homogenous: some pose more dahger others (based on
visibility, traffic volume etc.) and while it is Bé to minimise interactions with
traffic, this must be balanced with accessibil&jso, Chapter 4 found that while the
number of junctions was not significantly relatex gerceptions of safety, some
junctions such as roundabout are perceived to bedangerous.

Table 5.13 - Junction preferences
Junctions 1 2 3 4 5 6 7 8 9 10 Total
No. respondents51 83 153 125 138 97 14 24 5 37 727
% 70 114 210 17.2 190 133 19 33 0.7 51 100.0

The final design characteristic question in theveurrelated to preferences for
distances between occurrences of three facilitbesiches / rest stops, toilets and
food & drink stops (see Table 5.14). The mediannogitdistances reported were: 3-
5 km for benches, 6-10 km for toilets and 11-20 fomfood & drink services (see
cross-tabulation by mode). McCarthy (2011) foundogimal distance of 8 km
between general rest stops and in the qualitategpanses, there was a strong
preference for regular water facilities.

Table 5.14 - Facility distance preferences

<1l 1-2 35 6-10 11-20 Total
km km km km km

No. respondents 84 219 277 130 85 795

Facility

Bench % 106 275 348 164 107 100
Toilet No. respondents 19 53 249 309 169 799
ole % 24 66 312 387 212 100

. No. respondents 8 29 102 297 362 798

Food & drink stop % 10 36 128 372 454 100

The literature review also outlined a range of meowendations regarding other
elements of the engineering of greenways (e.g.zbotal and vertical alignment,
crossfall, design speeds) and although these vegrexamined in the survey, readers
are directed to Section 2.4 for references to iexjdiest practice. The key greenway
design preferences found in this research are suisedan Table 5.15.
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Table 5.15- Greenway design preferences

Design characteristic User preference
Surface material Asphalt
Maximum Gradient 5%
Maximum Width 3 metres
Route segregation Shared-use
Adjacent car parking Not a deterrent
Junctions Max. 5 in 30 minutes
3-5 km (benches)
Facility distances 6-10 km (toilets)

11-20 km (food & drink)

5.7.2 Cross-tabulation with mode of travel

For the majority of design characteristics, theraswno substantial difference
between greenway users of various modes (or otltgvidual characteristics). One
exception is the distance between facilities, whiclderstandably varies according
to modes of travel which move at different speaus teavel different distances. For
example, walkers prefer rest stops every 1-2 kmilewdyclists prefer 3-5 km; 3-5

km v. 6-10 km for toilets; and 6-10 km v. 11-20 kon food & drink services.

Two particular areas of conflict between greenwsgrs over design characteristics,
as highlighted in qualitative responses, are sarfaaterial and segregation. One
would expect that cyclists would prefer an aspbattace (smoothness and comfort),
while walkers may prefer a non-asphalt surfaceafonore ‘natural’ feel. Similarly
for segregation, some walkers may want to be stgmhriiom fast cyclists for
comfort and safety reasons while cyclists may veantininterrupted route for speed
maintenance. To gain an indication of the effeétgreenway mode use on surface
and segregation preferences, cross-tabulations lbeee plotted in Table 5.16 and
Table 5.17.

Table 5.16 - Cross-tabulation of surface materiafprences and mode of travel on

greenways
Surface
Asphalt Gravel Concrete Earth Total
Cycle n 354 70 43 60 527
% 67.2 13.3 8.2 11.4 100
n 18 13 4 11 46
Mode Run/Jog o 591 553 87 239 100
n 47 28 6 55 136
Walk o 346 206 44 404 100
n 419 111 53 126 709
Total

% 59.1 15.7 7.5 17.8 100
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There appears to be a substantial difference insthvéacing preferences for the
various greenway user types. While the majority4pdf cyclists prefer asphalt, the
preferred mode for walkers is compacted earth (40%)ning to segregation, there
does not appear to be any substantial differentedes the users: all three modes
indicated that mixed-use would not deter them frosng a greenway, i.e. that
segregation is not necessary (46-56%).

Table 5.17 - Cross-tabulation of segregation prefees and mode of travel on greenways
Segregation

Yes Possibly Indifferent Probably Not No Total

n 20 93 31 150 255 549

Cycle o, 36 16.9 5.6 273  46.4 100

1 6 4 12 29 52

Mode Run/Jog o 19 115 7.7 231  55.8 100
n 2 15 13 43 68 141

walk o 14 106 9.2 305 482 100

n 23 114 48 205 352 742

Total % 3.1 154 6.5 276  47.4 100

5.7.3 Logistic Regression model

To build the logistic regression model, it was rsseey to completely clean the
dataset (all responses with at least one missihgevaere removed, rather than
attempt to incorporate these missing values inntleelel). This reduced the size of
the sample to 472, although a preliminary checthefdata showed that this reduced
sample did not significantly vary from the largemsple used for the descriptive
statistics for the design characteristics outlimedorevious sections. It was also
necessary to recode several of the qualitativeakbes due to small sample sizes
when cross-tabulated with surface preference (eegidence) and to code the
guantitative variable age into four categories. shsne of the alternative surfaces
received few responses, it was also necessary rtibioe these surfaces as ‘not
asphalt’ (i.e. concrete, gravel or earth).

The approach taken is to consider ‘surface matextathe response variable and to
use ‘not asphalt’ as the reference category ofréisponse. In that way, it will be
possible to observe which variables result in aigant deviation from the best
practice surface — asphalt. Descriptive statistizsthe total sample and the two
surface categories are presented in Table 5.18Vammbles were initially
considered: greenway mode, greenway frequencynhg@ee purpose, usual mode,
cycling skill, fitness, residence, gender, margtdtus, and age. The most accurate
model was achieved by including five of these dredgarameter estimates (exported
from SPSS v21) for the model are given in Tabl®5.1
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Table 5.18 - Descriptive statistics for surface mlod
Asphalt Not Asphalt* Total

Variable Category N % N % N %
Greenway Cycle 249 84 107 61 356 75
Mode Run/Jog 15 5 23 13 38 8
Walk 31 11 47 27 78 17
Greenway C.ommuting 64 22 21 12 85 18
Purpose Fltpess 56 19 40 23 96 20
Leisure 175 59 116 66 291 62
Cycling Competent 160 54 96 54 256 54
Skill Highly Skilled 114 39 61 35 175 37
Inexperienced 21 7 20 11 41 9
Ireland 114 39 70 40 184 39
Residence UK 46 16 16 9 62 13
US/Canada 109 37 75 42 184 39
ROW 26 9 16 9 42 9
<35 80 27 52 29 132 28
Age 36-45 76 26 57 32 133 28
(years) 46-55 64 22 34 19 98 21
56+ 75 25 34 19 109 23

*Not asphalt = gravel, concrete or earth

Table 5.19 - Parameter estimates for surface model

Std 95% ClI for
Variable® Category & vrflu e Ermor EXP®) Lowgi(p(g)pper
Intercept -0.234 0.672 0.553
Cycle 1.389* 0.000 0.308 4.012 2.192 7.345
fﬂgedee”""ay Run/Jog 0.275 0.551 0.462 1.317 0.533 3.257
Walk Ref
Commuting 0.748* 0.019 0.318 2.113 1.133 3.939
Greenway _.
Purpose Flthess 0.277 0.326 0.283 1.320 0.758 2.297
Leisure Ref
. Competent -0.096 0.808 0.395 0.908 0419 1971
(S:li’i‘fl"”g Highly Skilled -0.318  0.464 0.434 0.728 0.311 1.704
Inexperienced  Ref
Ireland 0.328 0.400 0.390 1.388 0.646 2.982
Residence UK 0.747 0.109 0.466 2.110 0.846 5.262
US/Canada -0.231 0.545 0.382 0.793 0.375 1.678
ROW Ref
<35 -0.417 0.184 0.313 0.659 0.357 1.219
Age 36-45 -0.804* 0.010 0.311 0.448 0.243 0.824
(years) 46-55 -0.441 0.170 0.321 0.644 0.343 1.208
56+ Ref

®The reference category is ‘Not Asphalt’; *Signifitaat the 5% level; **Significant at the 1% level
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The pseudo R-squared for the model was 0.137theemodel explained 13.7% of
the variance in surface preferenceandthe modetcityrclassified 63% of cases. As
the reference category of the response is ‘not aspleoefficients () for each
category of each variable in Table 5.19 represbst ihcrease in log odds of
choosing ‘asphalt’ for the category in questioratigk to the reference category of
that variable. The equivalent odds (i.e. expong&didog-odds) are then given by
Exp( ). The p-value indicates the significance of thealde and the standard error
and the 95% confidence interval for the exponeadidbg-odds are also included.

The model yielded three significant results:

1. Cyclists are four times as likely as walkers tof@ren asphalt surface &
1.389, Exp() = 4.012, p-value = 0.000)

2. Commuters are twice likely as leisure users togorah asphalt surface €
0.748, Exp() = 2.113, p-value = 0.019)

3. Younger people (36-45 years old) are approximately as likely as older
people (over 56 years old) to prefer an asphafasaf = -0.804, Exp() =
0.448, p-value = 0.010)

The model was re-run with all four categories @& #surface response variable and it
suggested that younger people and walkers prefdr garfacing.These results show
how the characteristics of the design user mustdnsidered at the planning stage.
Furthermore, if, for example, a greenway routerisrted to cyclists (as the Irish
NCN is intended to be) and asphalt is chosen asutface material along a route of
significant length, this can have major economid anvironmental implications, as
the next two chapters will show.

There are two main assumptions in this model: irddpnce of the variables (e.g.
greenway mode is independent of greenway purpose) iadependence of
observations (respondents’ preferences are indepéd one another). It would be
possible to discuss these results in much greateail dto present more statistics and
indeed to run alternative models.However, as tlsenjgive statistics, backed-up by
the qualitative responses, as well as evidence thentiterature, clearly demonstrate
the preferences of the majority of users, thisatsbeen carried out at the present
time. Further research could construct models tpkither design preferences as
dependent variables to observe the effect of easbngvay use, travel, health, and
demographic variable, as well as comparing the gesstof-fit for a variety of
models.

5.8 Conclusion

There were three main components to this chapjeguélitative analysis to explore
greenway priorities, (ii) criteria ranking questsoto form a framework, and (iii)
specific design preferences.
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Firstly, the qualitative analysis of ‘the most inmamt factors to consider when
designing greenways’ yielded four main conclusions:
1. Greenways serve a broad variety of functions, aljhcan emphasis is placed
on leisure and tourism travel.
2. There are five broad priority themes for greenwasgign: accessibility,
safety, user experience, design characteristicsastinability.
3. ltis challenging to quantify many characterisscgh as ‘user experience'’.
4. It is also challenging to balance the prioritiesddferent users, e.g. between
separation and connectivity, between a smooth mydurface and potential
environmental impact.

Secondly, the framework for greenway planning aedigh combined greenway
users’ rankings of existing national/internatiocateria with results derived from

the qualitative responses. This framework will Isedias a lens through which to
analyse the development of the Irish NCN in Chaftand operationalised in more
detail in the analysis of route options for theecagidy greenway in Chapter 9.

Thirdly, a series of specific design preferencesewestablished to inform future
greenway design. Some of these preferences vargrdiog to user type, for
example preferred distances between facilitiesuaderstandably lower for walkers
than cyclists. For a more detailed analysis of fomelamental design characteristic —
surface material — a logistic regression model mait. This model showed that
cyclists, commuters and older people prefer asphafiacing and points to future
research to further unpack the influence of gregnuser characteristics on design
preference (particularly for routes oriented tocsii@design users).
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6 Embodied carbon of Greenway3

6.1 Introduction

Greenways offer such a variety of environmentalefigsithat this is recognised in
the likely origin of the term as a portmanteau gfeenbelt’ and ‘parkway’. These
environmental benefits include (but are not limitex): habitat protection and

preservation of biodiversity; water, soil and awatity improvement; flood and

stormwater management; environmental awareness taadhing tools; and

improving human health and access to green spa@@sl not possible to explore
this important feature of greenway planning in gréetail in Section 2.7 of the

literature review; the reader is encouraged to exarthe greenway literature in the
landscape architecture and landscape ecology flefd&hern (1995; 2004), Fabos
(1996), Hellmund & Smith (2013), Little (1995)). &hrecent proliferation of

motorised traffic-free routes for walking and cwydiin Ireland, which partially

inspired this thesis, has adopted this term ‘gregfwet has paid scant attention to
the environmental benefits of these routes or iddeevide range of environmental
impact, e.g. embodied carbon.

In general, the considered environmental impadhefroutes has been restricted to
compliance with environmental legislation in theamling process, usually the
demonstration of the lack of negative impact ontguted sites, by following the
road scheme approach (and not recognising the foed@l difference between
greenways and roads) (e.g. the route selectionrteedor the Galway-Dublin
Greenway (AECOM & Roughan O’Donovan (2015a)). Twatli; the Environmental
Impact Statement (EIS) of a road scheme will prilmdocus on designated sites,
but will also pose the total embodied carbon ofdbeelopment in the context of the
Irish climate targets (which is important given tleale of recent motorway
construction). One greenway EIS (RPS, 2012) dyecdnsposed this approach to
the Connemara Greenway by broadly estimating thieoeied carbon of the route
and placing this figure in the context of Irish Kgd’rotocol commitment:

The total estimated greenhouse gas emissions atmbciwvith the proposed

Greenway is calculated at approximately 1500 tormfe€Creq compared to the

National Kyoto Target of 63 million tonnes of @Q@This increase is considered to

be negligible (0.002%) in the context of the NatibKyoto Target.
Although positive that embodied carbon was consideit is clear that a more
detailed approach is required for these figurdsetaseful in greenway planning.

% An article based on this chapter was publishedérnternational Journal of Environment and
Sustainable Development.
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The underpinning idea of this chapter is that whilmodal shift to cycling has the
potential to reduce carbon emissions in the tramsgetor, the carbon footprint of
constructing new cycling routes, particularly gneags, has not been previously
considered and has the potential to negate cadongs of the modal shift of many
commuters. This will be particularly relevant inrabareas where a greenway has
been constructed, yet usage is relatively low. Guard et al. (2014) in the iConnect
project touched on this issue by attempting to @as® increased physical activity
levels on traffic-free routes in the UK with rediocis in carbon emissions (at the
aggregate level), though they did not find a sigaiit relationship. Others such as
Sustrans have investigated the potential for gregsvas ‘corridors for wildlife’ and
Wann (2013) studied the biodiversity of the CreegleBurtonport abandoned
railway in the context of potential conversion tgraenway. However, to date there
has been no attempt to systematically measurenthedied carbon of a greenway.

This chapter describes a methodology for calculetine carbon footprint due to the
construction of greenways (carbon costs) and thdamshift to cycling (carbon
savings) necessary to ‘balance’ or offset theséscéds throughout the thesis, this
chapter approaches the problem from a civil engingeerspective (rather than say
landscape ecology), but introduces new methodsthis instance, Life Cycle
Assessment (LCA) is used to calculate embodied ocarfin carbon dioxide
equivalents), counter-posing this with the carbavirgys of shifting Passenger
Kilometres Travelled (PKT) from driving a car toaling, using an Irish case study
(GWG). Conclusions on the minimisation of embodaaabon and lessons for the
Irish NCN are provided at the end of the chapter.

6.2 Methodology

The ‘goal’ of the LCA in this chapter is to evaleathe carbon footprint of a
greenway. This methodology identifies, based onasestudy, the emissions
associated with various stages of the construatfdhe route. This can allow better
design and construction to reduce the emissioneceded with various route
options. This methodology includes a LCA approastoatlined in BSI (2006) and
has been applied to the 42 km GWG (see SectiofoRabprofile).

While information on cross-sections and the maleriased for international
greenways is often available, it is more diffictdt gather data on the sourcing of
materials and local soil conditions. Given that #otual profile of the case study
greenway changed frequently due to on-site conditiall equations are presented in
a general manner and then applied to a greenwag @ection. Once a life cycle
inventory of embodied carbon for materials, tramspb materials and operation of
construction machinery has been set up, the eméh@didoon of a greenway can be
calculated for a Cradle-to-Site boundary (Figuf®.5.
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Figure 6.1 - LCA system boundary

6.2.1 Embodied carbon of materials

As described in Section 2.4, a typical greenway ises three layers: (i) asphalt
surface, (ii) asphalt base, and (iii) Type A gramuimaterial sub-base. Type A
granular material (known as Type 1 in the UK) coisgs gravel, crushed rock or
recycled crushed mixed concrete aggregates (NRAL1I20 BSI, 2010). A
polypropylene geotextile is generally used to prévaixing with the subgrade and
regrowth of vegetation. The embodied carbon of ekger was calculated as
follows (Eq.6.1).

ECmaterial Eq 6.1
100C o

ECIayer :VOIIayer ’ r ’
Where EGuyer is the total embodied carbon for the materialhia tayer in tonnes
(tCOe), VOlayer is the volume of the layer @n is the density of the material
(kg/m®) and EGuawerialis the embodied carbon of the material (kg€&g material).
The volume of the layer (fhover a given section of route being considered wa
taken as in Eq.6.2.

VOlIayer = I-Iayer, dlayer ’ 3ayer Eq' 6.2
Wheredghyer (M) and Byer (M) are the average depth and breadth of the layer a
particular section of length,der, (m).
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6.2.2 Embodied carbon due to transport of materials

The carbon emissions associated with transportongsteuction materials can be
significant; particularly so in the case of heavwtenials, such as stone. EQ.6.3
expresses the embodied carbon due to transpooihstraction materials:

ECtransport = ]I_:z)i—;:::, ((VV ’ EC:fuII )+ (n, ECempty)) Eq' 6.3

where the embodied carbon for transport,&&or: (tCOe) was calculated from the
embodied carbon of the truck for the transportafstruction material to site, kg
(kg COe/t-km), multiplied by the distance from Gate-t@e$SiDist (km), and the
mass of the material transported, W (t). This entladded to the embodied carbon
for the empty return journey for the truck, &y (kg COe/km), multiplied by the
number of trips, n, and Dist (km). The number gédr n, is calculated by dividing
the mass of the material by the capacity of thektru

6.2.3 Embodied carbon due to machinery operation

A wide variety of machinery can be used to builgreenway (though some trails are
built almost exclusively by hand). For the purposdsthis thesis, the carbon
emissions of excavators, dump trucks and rollersewanalysed. Only the
consumption of fuel by these machines is considened the embodied carbon
associated with the manufacture of the machinesngted. In the initial stage of
construction, it may also be necessary to cut arfil tsections to ensure gradients
remain within tolerances. The amount of excavatighdepend on the strength of
the soil, the profile of the route, verge and dagm requirements, and the potential
of the soil to support the weight of the structuEenbodied carbon from the use of
excavators to clear soil and vegetation ¢E£aior(tCO€) was based on the volume
of soil excavated, V@keia (M), the working rate of the excavator, Rate
(Mnateria(h), the fuel consumption of the excavator, FC)(l&md the embodied
carbon of the fuel (in this case diesel was assWni&Gcsel.e(KgCOe/l) (Eq. 6.4).

EC = VO_ISO” " FC’ ECdieseLe Eq. 6.4
‘excavator Rate 1000 . 0.

Dump trucks are included in EC calculations as tptace the materials in the
excavations for the capping layer and sub-base.|3ye carbon cost of this vehicle,
ECaumptruck (tCOpe) is a function of the pavement length, L (km)e timass of

materials, W (t) and the embodied carbon for theapldruck per tonne kilometre,
ECenicie (KQCOe/t-km) (Eq. 6.5).

.. ECyp
EC =T W ——ehicke Eq. 6.5
‘dumptruck 100( q
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For the top layer, a paver lays the asphalt wrscdometimes fed by a dump truck. A
vibrating roller is then used to compact the layne carbon cost of a vibrating
roller EGoer (tCO2€) was calculated from the drum width,ida (m), the pavement
width, Ryigin, (M) the pavement length, L (km), the number ofes of compaction,
Compumber and the embodied carbon of diesel for a vehiclevben 1.74 and 3.5
tonnes in weight, E&eserr(kgCOe/km) (EQ.6.6).

P, sy . EC,
Roundup—"" “ L” COMP,umper ECuesarr Eq. 6.6
D idth 1000

EC

roller —

where the term ‘roundup’ indicateé®,igi/Dwigtn rounded up to the nearest whole
number.

6.2.4 Additional sources of emissions

Two additional sources of emissions are now comsatletravel to greenways and
peat extraction. These sources of emissions agdeuthe system boundary and the
data derived from the case study greenway may eo¢fresentative of international
greenways. Therefore, these two sources have rem beluded in the overall
balance sheet for this case study, yet represéaenpally substantial contributions to
the total environmental impact of the route.

Firstly, it was observed from the international eqr@ay survey (as outlined in

Chapter 5) that a large proportion of users aravgreenways by car and that this
could represent a major carbon footprint, partidulas many of these trips are

exclusively to use the greenway. Respondents wakedawhich mode of travel they

used, and how far they travelled, to their mosently used greenway and the results
for the GWG were isolated. The carbon footprinteath mode of travel was then
multiplied by the corresponding proportion of th&,800 non-local domestic users
who are estimated to travel to the GWG each yeacaloulate the total carbon

footprint of travel to the GWG.

Secondly, as the embodied carbon of peat is péatlgdarge and since much of the
Irish NCN is planned near peatlands, this will neeg additional focus. Excavated
peat can be dried for agricultural purposes orddaed burnt as a fuel where it will
lose 100% of its carbon. However, peat placed at gesposal areas or in restoration
of a peatland will likely retain a high proportiarf its carbon (Nayak et al., 2008).
Loss of carbon from excavated peat, B:EtCOse) is calculated using the carbon
content of the peat pfypeat(%), the dry soil bulk densitydrypeat(g/cnf’), the volume

of excavated peat, Vigh (m’) and the percentage of carbon lost from the peat —
pCiost (%). A factor of 3.67 (44/12) is used to convér molecular mass of carbon
to CQ, and is expressed in tGO

The short term release of methane as peat is ebethean be difficult to estimate
and can vary significantly between sites and coostin practice. It is likely to be
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relatively limited compared to the overall carbaoxide emissions. Excavated peat
left on the surface will likely be exposed to aagcotonditions, therefore long term
methane emissions, as a result of excavation, radiriited as anaerobic conditions
are required for CHd production (Sundh et al., 2000; Roulet et al., 3)99

Martikainen et al. (1993) has also shown thaONemissions are negligible from
nutrient-poor peatlands. Eq.6.7 is adapted fromakagt al. (2008).

_ ﬂ/ pCdrypeat -

- 4 4 pC|OSt E 6 7
peat 12 10C gdrypeat g. o.

Vol —=
peat 1OC

EC

6.3 Results and discussion

6.3.1 Carbon savings

For each commuting trip shifted from a car of ageraccupancy (in Ireland) to
bicycle, the carbon avoided was calculated to b& dGQe/km (Table 6.1). This
figure will be used in Section 6.3.7 to determine modal shift required to balance the
embodied carbon of greenway construction. Majoreipidl for modal shift exists
amongst commuters with daily journeys of 5 km ossleTo meet the Irish
government’s sustainable transport target, 150p@@ple will be required to shift from
driving a car to cycling by 2020 (DoT, 2009). Thi®ounts to approximately 2,200 km
per commuter (10 km per day for 220 working daysyeand a total of 330 million
PKT per year. The avoided greenhouse gases irothe €GQe in such a scenario is
quantified in Table 6.1.This avoided carbon accedat just under 0.8% of current
Irish passenger car emissions. Although this calimn does not consider other carbon
emissions relating to car-based transport (e.gl coastruction), it nevertheless shows
the need to shift longer-distance commutes to putainsport (integrated with cycling)
and for urban planning to reduce commuting disteince

Table 6.1 - Avoided carbon due to a modal shiftfiepcar trip to a bicycle trip

Embodied Average Carbon
Mode of Transport Carbon of trip Oceu a?m emissions of trip
(gCOse/km) Pancy  (gcoe/PKkT)
Car 160 1.7° 145
Bicycle 113 1 11

Avoided carbon (gCe&/km) 134
Avoided carbon (tCe&/million PKT) 134
Avoided carbon (tCg) if Irishtargets are met 44220

'NRA (2011);°CSO (2012b)’Walsh et al. (2008)

6.3.2 Materials
Turning to the carbon costs of greenway constragtibwas anticipated that the
largest impact would be associated with the emlabderbon of the construction
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materials. For the GWG, the case study greenwaljswsed railway track-bed was
cleared of vegetation and excavated; Figure 6.2stbe GWG before and during
construction. Although for most of its length theenway uses a gravel surface, the
embodied carbon of the asphalt sections is preddrgee to maximise relevance for
international research which recommends asphdlang (see Section 2.7).

Figure 6.2 - Railway trackbed (left) and GWG coustion (right) (Connor, 2013)

The cross-section of the 3 m-wide greenway is ginehable 6.2. The depth of the
asphalt layer (surface and base courses) wasenlith literature at 60 mm. A 150

mm sub-base of Type A (known as Type 1 in UK) wa® aecommended by the

majority of the guidelines reviewed in Section Zwever, due to the weakness of
the subgrade along parts of the route, a 600 mricgpayer was provided between
the sub-base and the subgrade. This capping lsed Tiype B granular material

(known as Type 2 in UK), a fill of cheaper crushedk to protect the sub-base and
strengthen the subgrade (NRA, 2011b; BSI, 2010)TAlsle 6.2 shows, this added
substantially to the total mass of the materialunexgi, which had implications for

embodied carbon due to transport.

Table 6.2 - Mass of materials required for a 1 Kn3 sn-wide section of the GWG

Material Depth of Volume  Density Mass

layer (m) (M) (kg/m®)  required(t)
Asphalt 0.06 180 2243 404
Type A granular material  0.15 450 1600 720
Type B granular material 0.6 1800 1600 2880
Geotextile / 3000 (nf) 120 (g/m) 0.36

After determining the mass of material requirede #mbodied carbon (Cradle-to-
Gate) for was calculated to be 46.36 t€®m (Table 6.3). Values for the embodied
carbon of Type A and Type B granular materials wacquired in kgC@t and
converted to kgCee/t by increasing the value by 6%, as recommendgd b
Hammond & Jones (2011) and MPA (2009). Althoughssaifitially more Type B
material than asphalt was used, such is the emthathebon of asphalt that the
embodied carbon of this layer was more than dothtaleof the capping layer (Figure
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6.3). The embodied carbon of the surface layer larsignificantly reduced by
incorporating recycled materials (or indeed chogsin alternative surface) and this
is discussed in Section 6.3.8.

Table 6.3 - Embodied carbon of materials used inkan long, 3 m-wide section of the GWG
Mass Embodied Carbon Embodied

Material required(t) (kgCO2elt) Carbon(tCO4€e)
Asphalt 403.74 71" 28.67
Type A granular material 720 458 3.27
Type B granular material 2880 458 13.19
Geotextile 0.36 3430 1.23
Total 46.36

'Hammond & Jones (20113MIPA (2009)

Figure 6.3 - Embodied carbon of GWG materials

6.3.3 Transport of materials

The embodied carbon of the greenway due to tratesjpmm of the materials was
estimated to be 19.78 tG€fTable 6.4). The vehicles used are assumed tochgyH
Goods Vehicles (HGVS) in excess of 17 tonnes aedaasumed to be full on the
outward journey and empty on the return journey0%Ofull HGVs have an
embodied carbon of 0.1205 kgg#per tonne-kilometre and an average payload of
9.42 tonnes (DECC and Defra, 2011). Empty HGVs haveembodied carbon of
0.7925 kgCQeper kilometre over n empty return journeys (DE®@@ Befra, 2011).

In Table 6.4, ‘EC out’ refers to the embodied carlwd the journey out from the
quarry, while ‘EC in’ refers to the journey back. ifhe distance travelled was
estimated based on the locations of quarries iatiogl to the GWG; such
information should be available at the route plagrstage. Gravel and crushed rock
are often available locally in Ireland and excadateck may also be used.
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Table 6.4 - Embodied carbon due to transport ofamals for the GWG

, Mass Distance EC out ECin EC
Material o0 ired @) (km) N (kgCOseltkm) (kgCOze/km) (tCO.e)
Asphalt 403.74 60 43 0.1205 0.7925 4.96
Type A 720 20 77 0.1205 0.7925 2.96
Type B 2880 20 307 0.1205 0.7925 11.81

Geotextile 0.36 60 1 0.1205 0.7925 0.05
Total 19.78

6.3.4 Machinery operation

The types of construction machinery considered datribute to the embodied
carbon of the greenway are listed in Table 6.5 gC®eper litre, per tonne-
kilometre or per kilometre. The embodied carboriesel is 2.668 kgCs/l, while
dump trucks used are assumed to be average lad¥is,Hehich have an embodied
carbon of 0.1292 kgCgper tonne-kilometre (DECC and Defra, 2011).Theatihg
roller is in the category of vehicles whose weitips between 1.74 and 3.5 tonnes
and, therefore, has an embodied carbon figure2af KgCQe/km (DECC and Defra,
2011).

Table 6.5 - Embodied carbon of each machine (DEG€Refra, 2011)

Vehicle Embodied Carbon
Excavator 2.668 (kgCQe/l)

Dump truck 0.1292 (kgCQe/t-km)
Roller 0.27 (kgCQe/km)

Excavation to a depth of 600 mm for a 3 m wide B9A m long section requires the
excavation of 1800 frof material. A 21 tonne excavator has a fuel corsion of
16 I/h and a working rate of about 84.7/m(Langdon, 2010; Landpro, 2012). The
roller used was assumed to be a 2.75 tonne Wagkkostatic vibratory roller with
a drum width of 1.2m. It was estimated, on averag@ass over the 3 m by 1000 m
section twice. Using Equations 5.3, 5.4 and 5.5théodied carbon of the greenway
due to the operation of construction machinerylieen estimated as 1.46 tg&Zkm
and is shown in Table 6.6.
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Table 6.6 - Embodied carbon estimated due to machin

Embodied
Operation Vehicle Carbon
(tCOLe/km)
Clearance and excavation Excavator 0.907°"
Placement of surface/base Dump truck, Roller 0.057
Placement of sub-base and geotextileDump Truck, Roller 0.098
Placement of capping Dump Truck 0.372
Total 1.43

IDECC and Defra, 201f].angdon (2010)’Landpro (2012)

6.3.5 Total embodied carbon

The total embodied carbon of constructing the GW&s walculated to be 67.6

tCO,e/km (Table 6.7). This figure excludes the releasany carbon dioxide and

other greenhouse gases that may have been storedgamics due to carbon

sequestration, but subsequently released backhrtatmosphere due to its removal
or disturbance during construction. The embodiedoaa due to construction

materials is the main contributing factor, accoogtfor 73.3% of the total. The

second largest contributor is that due to the prartof materials, account for 24.4%.
Machinery operation during the construction of greenway, meanwhile, accounts
for just 2.3%. It should be noted that the capgager included in this case study
will not be necessary for all greenways. Omitting embodied carbon of this layer
gives a total of 42.2 tC@/km (a reduction of approximately one-third).

Table 6.7 - Total embodied carbon of the GWG
Embodied Carbon

%

(tCO2e/km)

Materials 46.36 68.6
Transport of materials 19.78 29.3
Machinery operation 1.43 2.1

Total 67.6

Comparing Table 6.7 to the embodied carbon of otfems of transport
infrastructure, it was found that the embodied carbf a greenway is approximately
30% that of a single lane rural road (225 tGs@r lane km) and 13.5% of a railway
line (500 tCQ per single track km) (Transport Scotland, 2009mifeond & Jones,
2011). It should be noted that these values forsthgle lane rural road and railway
line only include carbon dioxide (accounting fohet greenhouse gases would
increase these values by approximately 6% on aggtdgmmond & Jones, 2011)).
Furthermore, roads require greater width, vergeghtdines etc. and therefore the
overall embodied carbon of a road corridor is mémes greater than that of a
greenway.
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6.3.6 User travel

The carbon footprint of travel (by non-local donmesisers) to the GWG is tabulated
in Table 6.8. The majority of users arrived at tireenway by car (whether as a
driver or passenger), while 29% arrived by bicydmst train users travelled from
Dublin, hence the large average distance of 244 Htawever, the average cycling
distance of 63 km appears unusual (though playsdnel may be due to some
confusion by respondents (who may have thoughtthiatquestion corresponded to
travel on rather tharto the greenway). Therefore, the cycling contributi@s been
excluded from the total. The total carbon footpphtainnual travel to the GWG was
calculated to be 236.8 tG& 87% of which relates to car driving.

Table 6.8 - Carbon footprint of travel to the GWG

Averagedista Carbon Carbon footprint
Annual .
Mode of travel % USErs nce footprint per mode
(km) (9CO.e/km) (tCO2e)
On foot 7 1036 13 0 0.0
Bicycle 29 4292 63 11 6.0*
Bus 3 444 142 31 3.9
Train 8 1184 244 29 16.8
Car (driver) 46 6808 101 149 204.9
Car (passenger) 8 1184 63 75 11.2
Total 236.8

*Excluded from total

If the GWG was entirely of asphalt surfacing, thebedied carbon of the route
would be 2839 tCe (42 km x 67.6 tCee/km), therefore the annual carbon
footprint of user travel to the GWG would accoumt 8% of the embodied carbon of
the route. This points to the need to make greemsvaagessible by public transport
and to encourage uses to avail of sustainable modgavel (although one of the
towns on the GWG, Westport, is connected to DuliBalway and other towns by
train and bus routes, services are infrequent).

6.3.7 Peat removal

A further consideration for the embodied carborgfenways is carbon loss of the
material removed, particularly if this materialpsat. If peat is burnt or dried, 100%
of the carbon content of the peat is releasedekample, if the 3 m wide by 1000 m
long section of the GWG was constructed on peatthedull 1800 m of peat was
excavated and burnt or dried, assuming a dry demit0.1g/cni (100 kg/n?)
(Nayak et al., 2008) and 50% carbon content (Muderal., 2010), the carbon
emissions alone (i.e. excluding ¢Haind NO) would be approximately 330
tCO/km; approximately five times the embodied carbome dto construction
materials, transport and machinery. The size of gatential impact illustrates the
importance of the use of peat disposal areas, gehtkestoration and good
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construction techniques. Further research is reduio resolve the design issues
presented by peat with a view to minimising theuregment for peat excavation.

6.3.8 Balance sheet

By equating the carbon costs and savings in a beence sheet, the ‘offset’ of
commuters required to shift from driving a car j&llng can be calculated. Eq.6.8
demonstrates this, where Efgenway (kgCOe/km) is the embodied carbon of the
greenway, kreenway iS the length of the greenway, Rigstnue iS the average
commuting distance, Commuigs.aly is the number of commutes completed per
year (around two per day for 220 days), andchk&wayiS the life cycle of the
greenway. The number of 5 km commuters requireghif from the car to the
bicycle based on the embodied carbon of a 10 krhadisgreenway with a life cycle
of 20 years is 115 per year, as shown in TableBx8luding the contribution of the
capping layer, 72 people would be required to shdir 5 km commute.

_ ECGreenway, LGreenway
Commuters, ieq = — : y Eq. 6.8
Coz,avoided DIStcommute CommUte:ﬁnuany LCGreenway
Table 6.9 - Sample calculation of commuter shifureed for offset
Embodied Carbon (kgC@/km) 67600
Length of greenway (km) 10
Total 10 km greenway embodied carbon (kg€O 676000
CO.e avoided (kgCge/km) 0.134
Commute distance (km) 5
Commutes (/year) 440
Life cycle of greenway (years) 20
Total carbon offset per 5 km commuter (kg 5896
Commuters required to shift from car to bicycle peryear 115

From the results, the following actions could sigaintly reduce or offset the carbon
footprint of greenways:

1. Use of recycled asphalt and demolition waste aloith the investigation of
the use of novel materials in the surface layegreEnways.

2. Use of locally-recycled materials and local crushedk and gravel in the
sub-base and capping layers, thereby minimisinggpart of materials.

3. The use of novel materials in the base/sub-bass kyd the capping layers
could offer a more sustainable solution. Given tha@uced loads on cycle
lane foundations solutions such as tyre bales pfbézntial.

4. Novel designs could be used to minimise the voluwmiepeat removed —
these may include the development of floating cyafees. This technique is
commonly used for forestry and wind farm accesslisaa Ireland.
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5. Use of existing road infrastructure, (e.g. locahds or other assets) where
possible, to reduce the length of greenway contduc

6. Promotion of greenways once constructed to ensuge lusage and modal
shift.

7. Encouraging modal shift from high carbon transpert. single occupancy
driving, SUVs etc., to cycling, walking and publiransport.

8. Access to these greenways by public transport paodsion of bicycle hire)
can further improve their carbon efficiency by reig trips by car to the
facility. This is particularly relevant for Irelansvhere greenways developed
to date are located in rural areas with relativplyor public transport
availability.

When considering this carbon offset, it should b&ed that using a greenway (e.g.
for leisure) may encourage people to cycle morerofir indeed to shift journeys
from driving a car to cycling in their everyday és away from the greenway.
Gardner (1998) investigated this idea in a studywdr 500 cyclists finding that
leisure cycling is perceived to be very differeatutilitarian cycling: an image of
peacefulness versus one of danger and stress.eplet recommends bringing the
characteristics of leisure cycling into utilitariasycling, though Parkin (2007b)
cautions the assumption of any link between thetiges of cycling. In this context,
the international greenway survey in this thes@duded a question ‘has cycling the
greenway encouraged you to cycle more often?’ telwB3% of GWG users replied
‘yes’ for commuting and 76% for other leisure trig$is issue was also evident in
the more recent iConnect study (cf. Goodman etf(2014) and Sahlqvist et al.
(2015)), though more research is require to futigerstand the relationship between
greenways and utilitarian cycling and the promotidpro-environmental behaviour.

6.4 Conclusions

While a modal shift to cycling has clear potent@reduce carbon emissions in the
transport sector,the carbon cost of constructing excling infrastructure should be
considered at the planning and design stages. iSharticularly important for
asphalt-surfaced greenways, which can embody &ignif levels of carbon. This
chapter has described a methodology, based on a dgphoach, of assessing the
potential carbon cost associated with the consomaif greenway routes.

The main conclusions of this method are:

1. The embodied carbon of asphalt-surfaced sectionshef GWG is 67.6
tCOze/km or 22.5 kgCge/nf. Excluding the large capping layer used in the
GWG, the embodied carbon of a more typical greenigag2.2 tCQe/km
(assuming similar access to quarries and machumseg).
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2. Construction materials represent the largest douion (69%) to greenway
embodied carbon. Low-carbon, recycled materials amgel cross-section
designs could minimise this impact.

3. Transport of construction materials comprises 29%he embodied carbon
in a greenway. This contribution could be minimiskd using locally
sourced and lighter materials.

4. Policy-makers could target a modal shift of 115 ommers annually to
cycling for each 10 km greenway to offset embodiadoon. Operational
carbon could also be minimised by ensuring users aecess the route
without a car.

Environmental issues have been sorely lacking éeigway developments in Ireland
to date, despite the strong and varied environnhéataefits of what are more than
just routes for walking and cycling. This chapteone contribution in the promotion
of a more environmental view of greenways for aygliFor example, the figures for
embodied carbon, the LCA methodology and the pralpims a link with utilitarian
cycling offsets can be used in the planning of gwesey and cycle networks. In
Chapters 8 and 9, this information will be appltedthe Irish NCN and used in
prioritising route options for the Galway-Dublin é&nway. This process involves
many challenges, e.g. balancing cyclists’ desireagphalt surfaces with the need to
minimise embodied carbon and promote a ‘naturdl,faad this demonstrates the
need for an integrated, holistic approach in plagrand design.
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7 Greenway user spending and recreational valde

7.1 Introduction

While previous chapters have demonstrated manyhef lenefits attached to
greenways, these routes are expensive to congofien €100,000 per kilometre)
and national and local government budgetary coimssralemand that infrastructural
investment must demonstrate return on investmente@ays are receiving
significant investment in Ireland, Europe and in&ionally, however, there is a lack
of information on the economic impact of these stugents. In the broader field of
cycle tourism research (cf. Weston et al. (2012fpnomic impact has received
considerable attention, yet studies have ofteredetin expert interviews and small
samples of user spending diaries or have beenrmahfio individual cycle routes
(see Section 2.6). There has been limited reseeodducted on user spending
andeconomic impact of greenway routes specifically.

Greenways offer opportunities for recreation andreise that produce fitness and
health benefits, alternate transportation routesnservation of habitats and
biodiversity, economic development, and aesthetisual, and psychological
amenities (Lindsey et al., 2004). While some facefsthis impact have been
examined, such as health benefits and journey arobjehe value retained by the
greenway user has not been examined. Leisure edosi@uints to the fact that
people who engage in recreational activities, sagltycling, gain value from the
active use of greenways. These are commonly mehsisiag travel cost recreation
demand modelling techniques (Loomis & Walsh, 198ynes & Hanley, 2006).
Recreation demand modelling estimates the numbervatue of trips to outdoor
recreation sites, as well as the impact of chanmgege attributes or quality, and the
most common approach is the travel cost methodudinahis method offers major
potential to explore the recreational value of gmegys, it has never been applied to
this area.

This chapter builds on the international greenwagvesy results from Chapter 5,
examining user spending responses and uses toisnafion to build a travel cost
model to estimate the recreational value attachegteéenways. Due to the scale of
the investment proposed in Irish greenways, pddicattention is paid to providing
economic information to inform policy and plannimglreland. The spending on the
GWG is profiled and further insights are provided users’ willingness to pay for
greenway access as well as perceptions of thedyisle tourism product.

*An article based on this chapter was published aoriEm Planning & Development. Travel cost
modelling was carried out by Dr. Stephen Hynes.
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7.2 Methodology

Building on the gaps identified in the existingfdéture, the aims of this chapter are:
1. Explore and categorise international greenway sgending

Estimate the recreational value of greenways

Assess willingness to make a financial contribufmngreenway use

Profile the spending on the Great Western Greenway

Outline international perspectives on the Irishleyourism product

akrwbd

7.2.1 International greenway survey

The data analysed in this chapter are derived tl@rinternational greenway survey
used in Chapter 5; a series of economic questiafiswied those on design
preferences. For greenway spending, respondents as&ed to consider their most
recently used greenway and were provided with seatagories: ‘Food & Drink’,
‘Accommodation’, ‘Bike Rental’, ‘Retail’, ‘Public flansport’, ‘Petrol (Gasoline)/
Diesel’, and ‘Other’. To profile spending on the @&\ responses citing this
greenway as their most recently used were isolatedl spending figures were
averaged for each category. Respondents were sitged gheir willingness to make a
direct financial contribution, in terms of Euro (g&r hour, for greenway use and
offered the opportunity to comment on their motieas. A series of questions on
the Irish cycle tourism product followed and wasdigo build an overview of
international perceptions. As the spending-relatpeestions received a lower
response rate than the main, design-related sectitre survey, the sample used in
this chapter is reduced and has different chariatitay than that of Chapter 5.

7.2.2 Travel Cost Model

A Travel Cost Model (TCM) is used to simulate thendhnd for the services of a
recreation site. One of the main goals of this @& measure the willingness to
pay for access to recreation sites in order to @mphe recreational value of land
with the value of competing uses (Haab and McCdn2602). Greenway recreation
is well suited for the use of the travel cost modslit is conducted at distinct,
identifiable sites, and most trips are taken fa fiole purpose of recreation at the
site (English and Bowker, 1996; Hynes and Hanle§06). The price faced by
recreationists is the cost of access to the rdoreatte (mainly the time and money
costs of travel from home (or accommodation theviptes night for international
visitors) to the site), and the quantity demandedygar is the number of recreation
trips they make to the greenway per year.

Following Hynes and Hanley (2006), it is assumedt th model of greenway
recreation demand can be estimated assuming aitReisson or a negative binomial
distribution for the dependent variable. The Paissnodel has been criticised
because of its implicit assumption that the conddi mean of the expected number
of trips, T, is equal to the variance. This mean-variance etyuedrely holds since
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real data frequently exhibitsoverdispersion’ where the conditional variance is
greater than the conditional mean.The Poissonildision is generalised to take into
account this problem of over dispersion using tlegative binomial probability

distribution (Englin and Shonkwiler, 1995) whereiadividual, unobserved effect is
introduced into the conditional mean. This prolapilistribution, used to develop
the current travel cost model can be written as:

SURSIE) I

@+al ) ) Eq. 7.1
(T, +1)G(/a)

Pr(t) = f(T) =

where there are i = 1, 2, ..., n observationss The number of trips to the greenway
for individual i andl | is some underlying rate at which the number ofstiygcur,
such that some number of trips in a particular ysaxpected, i.e. the mean of the
random variable {T(E(T;%%j)) is given byl ; andl ; = exp(Xib). The variance of;y
(var(Ti¥X))) is given byl i(1 +al ;). The vector Xrepresents the set of explanatory
variables reported for each individuallt is a 1 by k vector of observed covariates
andb is a k by 1 vector of unknown parameters to beneged. The scalax and the
vector b are parameters to be estimated from the obseraegle.G in Eq. 7.1
indicates the gamma function that distribdteas a gamma random variable. Finally
a is an overdispersion parameter to be estimateugalath b. This parameter is a
measure of the ratio of the mean to the variandeehumber of trips taken. Larger
values ofaindicate greater amounts of overdispersion. The ghoelduces to the
Poisson whei = 0.

Hellerstein and Mendelsohn (1993) show that theeetqu value of consumer
surplus E(CS), derived from count models can be calculateahds. 7.2.

E(C=E(|x)/ b, =/, /(b,) Eq. 7.2

Where/Ai is the expected number of trips, atg is the price i(e., travel cost)
coefficient. Therefore the consumer surplus perigisimply 1/-Dy.

In thisanalysis, travel cost to the greenway i®w parameter for welfare estimation
and is calculated using the Automobile AssociafjdA) of Ireland’s calculations
for the marginal costs of motoring for a car of g size of €0.28/km (AA, 2014).
To this is added any costs associated with bikeatext the site. Only travel within
the country is included as it is assumed thatartgrmational visitors will be
spending time away from the greenway while on ttrggrand have other interests to
pursue. Therefore only their travel costs from itlx@icommodation to the greenway
are included. This is a common approach to takb wternational visitors to a site
in recreation demand modela to avoid overestimdtiegvillingness-to-pay of users.
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7.3 Results and discussion

7.3.1 Sample characteristics

There were 1,002 initial respondents to the intéonal greenway survey, however
not all respondents provided sufficient data foe ttnavel cost model or full
greenway spending information (this question watsoopl and received one of the
lowest response rates). For the travel cost mdbdelyital data are the number of
trips made on greenways in the last year and #welicost to the greenway. For this
sample, the average number of greenway trips takerespondents in the last 12
months was 37.8, with a standard deviation of 90s Targe standard deviation is a
reflection of the frequent use of greenways by sasers (e.g. commuters).

As the travel cost model is designed for recreafiase, it was necessary to further
reduce the sample based on the number of tripstakee sample was restricted to
those taking 80 trips or fewer per year, which lesuin a sample with an average of
10 trips per year. It is envisaged that this cdit-oélthough arbitrary,
excludescommuting or other utilitarian trips. Thyselded a sample of 654
respondents for the travel cost model and the sarophracteristics are given in
Table 7.1.

Table 7.1 - Demographic and other characteristitthe sample

% %
0-24 4.6 Very fit 17.8
25-34 215 Fitness Fit 44.9
Years of age 35-44 26.6 Averqge 33.1
45-54 24.6 Unfit 4.2
55-64 16.9 Bicycle 30.4
65+ 5.8 Bus 4.2
Single 35.1 Usual mode Car (driver)  50.6
Marital Married 60.7 of travel Car (passenger) 1.3
Status Divorced 3.2 Motorcycle 1.2
Separated 0.5 On foot 9.6
Widow/widower 0.5 Train / tram 2.8
Employed 80.9 Highly skilled 32.8
Employment Student 6.2 Cycling skill Comp(_atent 58.5
status Unemployed 3.4 Inexperienced 8.7
Retired 8.8 Cycle 73.6
Homemaker 0.8 Greenway Run/Jog 6.9
Ireland 47.9 mode of travel Walk 194
UK 12.4 Wheelchair 0.1
Country of Rest of Europe 3.4 Commuting 18.0

residence  North America  31.8 %Lerﬁgway
Australia &NZ 2.6 o osye
Rest of World 1.9 PUP

Fitness/training 19.8
Leisure/tourism61.1
Shopping 1.1
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37% of respondents were female, potentially reiftigcthe gender gap in cycling.The
average age of the sample was 44 years with aasthuddviation of 12.7 years.The
majority of respondents were between 35 and 54syelal; were married, and were
employed. The average earnings of respondents 8&8@D, although the response
rate for this question was lower than for othersgiems (the optional nature of this
guestion was emphasized) and this may have resudtesh inflated figure. This
figure is significantly above the €34,000 averagenmgs for OECD countries
(OECD, 2014).

The sample includeda large proportion of regulaclisis at 30%, considerably
higher than commuting modal share in Ireland, UStherUK (where cycling modal
shares are 1-2%).The survey sample comprises piadotly competent and highly
skilled cyclists of average to moderate fithesdafye majority of these greenway
users cycle along the routes, though walking amgijg were prevalent also. The
majority of respondents used greenways for leisu®urism purposes, followed by
fithness or training, and finally commuting. As onéd in Chapter 5, the vast
majority of responses were received from countmdeere the majority of the
population speaks English (90% respondents livedirgland, UK or North
America).

7.3.2 Spending on greenways

A smaller sample of 458 respondents provided in&diom on full greenway
spending and these results (day trips and overrstgys) are categorized and
presented in Table 7.2. The table shows that teeage spending for day trippers is
€18.01, which is 12.5% more than the €16 estimaietlumsdon et al. (2009) for
cycle tourist day trippers. Over 70% of this spegdivas directed towardsod &
drink andpetrol / diesel For users who stayed overnight to use a greenthaytotal
spend per night was €63. The average number otsnigders stayed in the location
while using the greenwaywas 3.2.Lumsdon et al. $2@3timated average overnight
spending to be €53.48 per night (€353 over 6.6ta|glD% less than these findings),
which may have been affected by the definition loé study (cycle tourists in
Europe) and the longer typical trip length.

Table 7.2 - Spending on greenways for day trips@ratnight stays

Spending category Day trip % ((;\éfrnr:g:t; %

Food & drink 7.01 38.9 16.88 26.6
Accommodation 0.00 0.0 25.60 40.4
Bike rental 2.25 125 2.59 4.1
Retail 1.34 7.4 4.68 7.4
Public transport 0.77 4.3 5.64 8.9
Petrol / diesel (gasoline) 5.90 32.8 6.49 10.2
Other 0.75 4.2 1.54 2.4

18.01 100 63.42 100
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The largest categories of spending wdomd & drink and accommodation
Interestingly, the amount spent per nightpetrol / dieselfor overnight users was
similar to that of day trippers, however, spendamgpublic transport was eight times
larger. This appears logical as day trippers areremikely to be domestic
recreationalists who drive to a greenway, whileroight users are more likely to be
tourists. Furthermore, a lack of public transpoegtiency may encourage users to
stay overnight.

Table 7.3 classifies spending by greenway usersrdity to spending category and
country of residence. Some of these statistics Idhoel considered as descriptive of
the survey sample rather than extending to eachhefnational cycle tourism
markets due to the small sample sizes. The avectgiespend of all greenway user
groups was €169.12 with an average group size 38sPaying over 1.56 nights —
thereby giving a spending of €47 per person pehtriigshould be noted that this
table includes both daytrippers and those who stayernight.

The largest category of spending for all countiwésesidence isaccommodation,
which accounted for between 34.2% and 38.6% of sgand (an average of €18 per
person per night). This is followed by food andnériand the cost of travel to the
greenway, whether the cost of public transport eniecle fuel. There are several
differences in spending according to user residemckthis is partly attributable to
variation in group size (2.11-2.44) and number ights stayed (0.57-1.80). Irish
groups were found to spend the largest amount (€XBiice the group size and
number of nights stayed is taken into account,ldihgest spend was by users from
Australia / New Zealand who spent an average of @66 person per night —
however, as mentioned previously this is based small sample size.

Comparing the categorized spending of users frornows countries suggests some
interesting features of greenway use in each cgamd comparison between Ireland
and the UK is particularly interesting due to samiies in climate, cycling modal
share and many other factors. It can been seerbi@Ta3that Irish greenway users
could spend more than twice the proportion of spendf UK users ompetrol /
diesel (14.3% v. 7.1%), while UK users spend four times rauch on public
transport. This may be an indication of the monensxted nature of UK greenways,
which, through the UK National Cycle Network, tetodbe closer to urban areas. In
Ireland, for example the Great Western Greenwagadated 80 km from the nearest
city (Galway) and 250 km from Dublin. Irish usefdsaspend substantially more
than UK users on bike rental — again potentialoasequence of distance travelled
to the greenway or bicycle ownership rates whicly marease bicycle hiring rates.
In these figures for travel spending to greenways far bike rental, Ireland seems
to much more closely resemble spending by North Agag users than those from
the UK or the Rest of Europe.
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Table 7.3 - Spending on greenways by category andtry of user residence

. All users Ireland UK Rest of North Aus / NZ
Spending category Europe America
n 458 217 50 15 112 8
Total group spending (€)
Food & drink 46.21 52.26 53.00 35.68 50.73 38.38
Accommodation 64.34 72.21 66.20 56.13 63.33 45.00
Bike rental 7.73 10.14 1.50 3.52 7.33 1.88
Retail 12.49 11.58 9.64 19.85 1.33 0.00
Public transport 14.57 9.12 35.44 12.40 8.00 18.75
Petrol / diesel (gasoline) 19.50 26.85 12.80 9.02 1.32 10.00
Other 4.27 5.03 1.80 3.18 13.33 17.50
Total spend 169.12 187.18 180.38 139.77 165.40 5031.
Average group size 2.33 2.40 2.11 2.44 2.37 2.40
Average no. of nights 1.56 1.80 1.46 1.64 1.21 0.57
Spending per person per night (€)
Food & drink 12.76 12.06 17.26 8.94 17.64 27.98
Accommodation 17.76 16.67 21.56 14.06 22.02 32.81
Bike rental 2.13 2.34 0.49 0.88 2.55 1.37
Retail 3.45 2.67 3.14 4.97 0.46 0.00
Public transport 4.02 2.10 11.54 3.11 2.78 13.67
Petrol / diesel (gasoline) 5.38 6.20 4.17 2.26 7.42 7.29
Other 1.18 1.16 0.59 0.80 4.64 12.76
46.69 43.21 58.75 35.00 57.51 95.89
Percentage breakdown of spending
Food & drink 27.3 27.9 29.4 25.5 30.7 29.2
Accommodation 38.0 38.6 36.7 40.2 38.3 34.2
Bike rental 4.6 54 0.8 2.5 4.4 1.4
Retail 7.4 6.2 5.3 14.2 0.8 0.0
Public transport 8.6 4.9 19.6 8.9 4.8 14.3
Petrol / diesel (gasoline) 11.5 14.3 7.1 6.5 12.9 7.6
Other 2.5 2.7 1.0 2.3 8.1 13.3
100 100 100 100 100 100

A limitation to this comparison is, firstly, the da of representative data and,
secondly, the lack of more detailed analysis onldlations of the greenways used.
It was not possible to compare spending acrossngeraf specific international
greenways (as was intended at the outset of tlearas) due to the sample sizes and
wide international variation — it was instead neegg to assume that greenway use
occurred in the respondent’s country of resideMmsther was it possible to build a
user spending model which could include as varg@abie country of user residence
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and the categorised spend. Further research shookider conducting surveys on a
range of similar greenways internationally withiaw to using statistical models to
identify the statistically significant factors imeggnway spending — see Section 7.3.

7.3.3 Willingness-to-pay, consumer surplus and recreatioal value
Willingness-to-pay in this context represents th@alton average a person would be
willing to pay to make a trip to the greenway. Taproach involves modelling the
effect of travel cost on the number of trips takgngreenway users. The consumer
surplus element of WTP can be thought of as thesactee users would have been
willing to pay on top of travel expenses to entex greenway, but which is retained
by the user. Parameter estimates for the greenveagltcost model are listed in
Table 7.4. The negative binomial model was theguretl choice, as this was found
to best fit the data in terms of the log likelihozalue (a higher value implies a better
fit).

The negative sign for the coefficient for travelstamplies that as travel cost
increases, the probability of the number of gregntxips decreases, which is to be
expected, and this is significant at the 1% leBsing of Irish nationality also

reduces the probability of making a higher freqyen€ trips to greenway sites.
Meanwhile, being a skilled cyclist or employed aignificantly increase the

probability of making more trips. Although being mad, having children, being a
student or retired all increase the probabilityr@king a higher frequency of trips to
greenway sites in the Poisson model, these paranetere not found to be

significant in the Negative Binomial model (althdwusfill with positive signs).

Table 7.4 - Parameter estimates for the differgetctfications

Poisson Negative Binomial

Parameter \ ;
% SE % SE

Travel Cost -0.014** 0.001 -0.013** 0.002
Age -0.001 0.001 0.002 0.005
Married 0.219** 0.036 0.178 0.124
Student 0.605** 0.091 0.454 0.282
Retired 0.242** 0.084 0.255 0.277
Employed 0.340** 0.061 0.362* 0.178
Irish -0.579** 0.037 -0.626** 0.108
Has children 0.060** 0.013 0.068 0.049
Fit or very fit -0.017 0.032 0.079 0.106
Unskilled cyclist -0.415** 0.075 -0.360* 0.197
Constant 1.896** 0.086 1.721* 0.267
Dispersion Parameter - 0.358** 0.057
Log Likelihood -4651 -1859
Likelihood Ratio CH 1107 108

*Significant at the 5% level; **Significant at tH&%b level
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From Table 7.4, the travel cost coefficientwas fbtm be -0.013 and the consumers’
surplus per trip was calculated to be €76.92 R(E€S =1/-b, from Section 7.2.2).

Given an average travel cost of €16.16 in our saptpis implies that the average
total willingness-to-pay for a recreational tripaagyreenway is €93.08. The fact that
82.6% of total willingness-to-pay is in the form @insumer surplus would indicate
that a high proportion of the recreational valuerigiting a greenway is retained by
the user.

7.3.4 Willingness to make a direct financial contribution

Respondents were asked their willingness to matkieeat financial contribution for
greenway use. This stated preference is unlikeMhmgness-to-pay model above,
which modelled number of greenway trips on trawadtcand is unlikeDeenihan&
Caulfield (2015b), which used additional time spestling. The question was
included to examine public perceptions of direcgmant for greenway use and to
get an insight into public conceptualisations oéegrways, particularly against a
backdrop of greenways as tourism ‘products’. 72%smurs were not willing to make
a direct financial contribution (Table 7.5).

Table 7.5 - Willingness to make a direct financiahtribution for greenway use
All users Ireland International

Willing to pay (%) 28 25 31
Not willing to pay (%) 72 75 69
Willing to pay per hour €2.18 €1.56 €2.71

Of those willing to pay, the average was found ® €2.18 per hour, with
international respondents (€2.71) willing to payrenthan those in Ireland (€1.56).
Taking the example of the GWG, for which the avertighe taken to complete the
42 km length is 3.5 hours, 28% of Irish users maystder a charge of €5.46 to use
the greenway for one full trip.Some respondentsgsstigd a contribution for an
annual pass or other form of payment. Others inelica willingness to make a
contribution for other facilities such as car patckiand bike rental, or to pay more in
taxes to enable further greenway construction.

However, there was a large majority in oppositiordirect payment for greenway
use (72% not willing to pay) and this has not bpmposed in Ireland. The results of
an open-ended question illustrate some of the msadeehind respondents’
unwillingness to pay a charge:

the deterrent to greenway use posed by charging

the benefits to the local economy through spendlsgwhere

savings to the health service through health benefi

the fact that greenways are often built using putinds

conceptualisations of open public space
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Two particularly illustrative responses receivedeave

“I think these should not be taxed, they should dpen to all, because they
encourage people to get active. Putting a tax wdel@r many to use them. The
indirect money made from using them would be: hd@é&lB, camping, bike shops,
local stores. They would all make money out ofgkeple using the infrastructure”

“I would not pay anything to use it. However, | idypay more money in taxes to

have more greenways built”
The opposition to paying for greenways at the pointise is an indication of the
ownership of recreational public space and bodées fae the use of greenways.
Greenway users are willing to spend significant sum travel costs to greenways,
to add substantial time to their cycling journeysise greenways and to pay more in
taxes to fund greenway construction, however, tipgyment for greenway use is
not advisable and is likely to deter usage.

7.3.5 Spending on the Great Western Greenway

As the GWG has been widely cited as an economiacesgc story, and a
demonstrator greenway for the Irish NCN, this roigteanalysed in more detail.
Importantly (and perhaps as a consequence of titisess) a larger survey sample
(n=170) provided spending information (Table 7.k)wing a level of detail which
was not possible for a range of international gnesys. The average group size of
GWG users was 2.18 and the average number of rétgaged was 1.58. The average
spend per user per night was found to be €50.8proaimately 8% more than the
average international greenway user and 18% marettie average Irish user.

Table 7.6 - Breakdown of spending on the Great Svessreenway
Spend per person

Spending category Group spend (€) %

per night (€)
Food & drink 51.46 14.99 29.5
Accommodation 62.61 18.24 35.9
Bike rental 13.53 3.94 7.7
Retail 10.89 3.17 6.2
Public transport 7.72 2.25 4.4
Petrol / diesel (gasoline) 26.74 7.79 15.3
Other 1.69 0.49 1.0
Average total spend 174.64 50.87 100

Comparison of results with Failte Ireland / Fitapekt Associates (2011) is judged to
be of major importance as these are the only @benomic impact results available
for greenways in Ireland and due to the weight Whids widely-cited report carries
in the appraisal of greenways in Ireland. This gsialuses a larger sample than that
of Failte Ireland/Fitzpatrick Associates (2011) anchlike that study, includes a
breakdown of expenditure. These results confirmfih@ings of the report for the
overall spend per person per night: Failte Irelar€itzpatrick Associates (2011)
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found this to be €50.71 (for users from overseas)le a figure of €50.87 (for all
users) was found in this study — a difference ef {u3%.

Categorized spending on the route was broadlynawith that of all greenway users
— a notable exception was the spendingeitnol / dieselwhich accounted for 15.3%

for the GWG, but 11.4% for all greenway users; thimirrored in a lower spend on

public transport, reflecting the rural location tfis greenway. Based on these
results, the relative accessibility of greenwapkdd to travel spending (fuel, public
transport and to a lesser extent bicycle hire) appéo be a significant factor in

variations in user spending and therefore econampact.

It was envisaged that spending profiles would bmmted for a range of other
greenways in Ireland and internationally which cosérve as comparisons for the
GWG. However, as outlined in Section 7.3.2, dudgh® small samples received
(potentially due to response burden and questiomdts) and the wide variety of
responses received, this was not possible. For gleam5 respondents provided
detailed spending information on the Great Southieail (Co. Limerick), 12 for
other named Irish greenways, 4 for the C2C, 6HerNorth Sea Cycle Route (both
UK) and 8 for the Camino in Spain. These limitai@me discussed in the conclusion
of the chapter.

7.3.6 Cycle tourism in Ireland

Of the respondents not resident in Ireland, 36%pradiously visited Ireland and of
these, 43% said that cycling accounted for a sigamt part of their trip. Satisfaction
with walking and cycling facilities in Ireland waseasured and is presented in Table
7.7. These results show that although a large rtyjaras satisfied with walking
facilities, the majority of respondents considemgdling facilities in Ireland to be
inadequate or very inadequate.

Table 7.7 - Satisfaction with active travel facdg (%)
Walking facilities Cycling facilities

Excellent 10.9 5.5
Satisfactory 71.3 42.2
Inadequate 14.7 37.6
Very inadequate 3.1 14.7

In the open-ended questions that followed, the rieedegregation from traffic and
optimisation of user safety were recommended taawg satisfaction with facilities.
Asked whether the construction of more greenwayslavencourage them to visit
Ireland, 36% replied ‘yes’ and 41% chose ‘possibly'majority also noted that they
would be willing to travel more than 10 km from ithaccommodation to use a
greenway. The tourism potential of Irish greenwiaydiscussed in Chapter 8.
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7.3.7 Limitations

Reflecting on the methodology of this section oé ttesearch, there were some
challenges which limited the results and discussPmmarily, it was difficult to
gather sufficient responses for a variety of ind¢ional greenways on which to build
categorised spending models; attaining represgataimples is a further challenge.
Beyond this, the response rate of the survey fgr@aching the spending questions
and it was necessary to use reduced samples (ipastsan with Chapter 5). This
declining response rate may be due to responsesbyttie spending section was
located near the end of the survey) or questiomdbr(optional v. mandatory,
number of categories etc.) or simply that it waallemging for respondents to recall.
Therefore, further research could consider shonere precise and targeted survey
instruments, including a roll-out of identical intept surveys on a variety of
international greenways. Despite these samplediioits, the findings on greenway
spending were relatively consistent with internadiditerature (15% margin of error
against Lumsdon et al. (2009)) and route-speciferdture (0.3% against Failte
Ireland / Fitzpatrick Associates (2011)).

7.4 Conclusion

Handy et al. (2014) note the need for improveménthe assessment of costs and
benefits of cycling to better inform policy-makers this regard, this chapter
contributes to a number of key areas of greenwaycgoling research:

1. Average greenway user spending was found to bg€68ight for overnight
visitors and €18 for day-trippers. The largest gatees of spending are
accommodation, food and drink, and petrol / die$hls information can be
used as part of economic forecasting to predicettmmomic impact of routes
at the planning stage.These findings are linkethtse of Chapter 5, which
noted the need for access to food and drink sesveseery 11-20 km and
highlighted the importance of other services sush opportunities for
vendors along the route and connections to towns.

2. The recreation demand method (travel cost modelvstthat the significant
predictors of the frequency of greenway trips aravel cost, employment,
country of residence and cycling skill. Althouglwel cost is a deterrent to
increased greenway use, such is the ‘willingnegsaty to get to a
greenway, that 83% (or €77 per trip) of this amdantetained by the user as
consumer surplus. Broadly speaking, this illustatiee large recreational
value that greenway users place on these resouvtme. specifically, this
value can be compared with that for competing @g@veal or other uses.

3. Most users are opposed to paying directly for gnegnaccess and therefore
any return on exchequer investment is likely tarmbrect, i.e. via the local
economy, health benefits etc.

4. Spending on the Great Western Greenway, an Irisiodstrator greenway,
was found to be €50.87per person per night andyoeted spending was
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similar to international greenways, although peftrdiesel spend was found
to be higher than average.

5. A majority of respondents consider cycling faodi in Ireland to be
inadequate and suggestions for improvements indluig@roved safety and
segregation from traffic.

This chapter holds some key lessons for the IriSENNSpecifically, these results
confirm and categorise the spending patterns ofryway users on the GWG and
provide some detail on the potential for increasgdle tourism based on the
construction of further greenways around the couxiyre generally, the willingness
of greenway users to travel extensively for gregnaecess is important in Ireland
given the currently isolated and disconnected eatdirthe NCN and this finding is
unsurprising given the success of the GWG. Yet warism-oriented greenway
network in scenic rural locations is not a panaasaow population catchments
mean that other economic benefits, such as thosaalmodal shift and improved
public health, are not realised (Deenihan et @l1,5b). Furthermore, car-dependence
in travel to greenways (in part due to a lack oblmutransport integration) has
negative implications for the environment (Chafeand therefore economy. Route
selection also raises concerns for equity; the canities which receive greenway
investment will not only have a recreational reseuior personal use, but will also
be given the opportunity to benefit directly andirectly from economic impact.
These intersecting issues highlight the importasfdbe holistic approach advocated
by the framework developed in Chapter 5, which idlused in the next chapter plot
the development of the NCN.
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8 Planning and design of the Irish NCN

In 2009, there was minimal policy or infrastruciyseovision for cycling in Ireland.
By 2015, a series of sustainable transport policiese adopted, design guidance for
active travel infrastructure was improved, and gigant amounts of funding were
awarded for the construction of a National Cycleévidek. Despite this significant
progress and future potential, the Irish NCN has (tm the best of the author’s
knowledge) been studied by any academic publicatiims chapter plots the
development of the NCN and greenways in Irelandat®, applying the framework
created in Chapter 5and the methods and resul&hapters 4-7. Figure 7.1 shows
the contributions of each previous chapter to $tigly and the contribution of this
chapter to the case study which follows. The chaptdivided into general planning
(route and network criteria and land acquisition)l anore detailed design (cycling
facilities and examples). It concludes with theevaince of this thesis to the NCN.

Ch4: Importance of | Ch5: Framework; Ch6: Environmentdl |Ch7: Tourism
safety; segregatior] | planning & design impacts; ABP cases |potential; Irish
preferences background cycling facilities

Ch8: Policy contex
route options; land
acquisition

Case Study

Figure 8.1- Contributions to and by this chapter

8.1 Background

8.1.1 Policy

A cycle network for Ireland was first mooted atioaal level by Failte Ireland
(tourism development board) around 2006. In 2004&itd- Ireland carried out
research on the Irish cycle tourism product in tbatext of relatively low cycle
tourist visitor numbers and levels of satisfact{@ilte Ireland, 2007). During the
2000s, there was a decline in visitor satisfactth cycling in Ireland; in 2000,
76% said that they were ‘very satisfied’ and by 2Qfis declined to 38%. This
decline was attributed to:

Perceived safety of on-road cycling

Lack of traffic-free routes

Lack of integration with other modes of transport

Lack of bicycle hire facilities
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A key recommendation of Failte Ireland’s researchsvihe development of a
national designated cycle network, emphasisingtygaied including themed routes,
improved surfaces and signage. Sustrans was coiomesks by Failte Ireland to
design a cycle tourism network (Figure 8.2) andppeed a series of strategic
greenways (Failte Ireland, 2007).

Figure 8.2 - National Cycle Network as proposed-Bijte Ireland (orange) and NRA
(black), towns over 10,000 population (green), tewxer 5,000 population (red) (NRA,
2010a)

The adoption ofSmarter TravelDTTAS, 2009a) and th&lational Cycle Policy
Framework (DTTAS, 2009b) represented a change in Irish trarispolicy,
importantly placing priority on improving sustainity in the sector. DTTAS
(2009a) emphasised the promotion of cycling forrgday purposes, particularly
commuting, and recognised the need for safe, diaect coherent walking and
cycling networks. The policy called for:

the creation of traffic-free urban centres to figaié cycling

investment in a national cycle network with urbatworks given priority
Although the policy includes the promotion of walgi and cycling for rural
recreation and cycle tourism, there is no refercioc¢he Failte Ireland network.
Furthermore, there is no reference to the HierawhiProvision. The emphasis in
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DTTAS (2009a) is markedly different to Failte Ineth(2007): priority is placed on
urban cycle networks as these are seen to delreatast potential for modal shift —
the primary focus of the policy.

DTTAS (2009b) employed a different approach. Thadiqy, which adopted the

Hierarchy, emphasised the poor quality of previpusinstructed dedicated cycling
infrastructure stating that the provision of thidrastructure has not, generally,
increased cycling levels. The policy emphasised rdauction of traffic volumes

(especially in urban areas and around schooldfictrealming in urban areas, and
improving cycling safety at junctions. Objective stipports the provision of
“dedicated signed rural networks” based on Failedahd (2007), noting that the
promotion of recreational cycling in an importamafure of creating a cycling
culture. The policy envisaged recreational routesand around urban centres,
linking to rural areas.

The National Roads Authority was then commissiottedndertake a scoping study
of the NCN and proposed a new network (NRA, 2010&g criteria for forming
corridors of the network included:

connect each urban centre of population greater 162000

facilitate commuter, leisure and tourism usage

utilise or connect to existing road cycling infrasture
This yielded a 2,000 km network of thirteen corrglof a different character to the
tourism-based Failte Ireland proposal, though the proposals overlap for 1,600
km — see Figure 8.2. The map was intended to pecaittamework for the delivery
of an NCN with broad corridors (rather than specifbutes) selected, acting as a
skeleton off which local authorities could develaypsther routes, and a basis on
which to facilitate the funding of projects.

8.1.2 EuroVelo

A driving factor in the development of the Irish NQas been a desire to link into
the European cycle tourism market, including thfougtegration with EuroVelo.
EuroVelo (EV) is a Europe-wide cycle network marchfpy the European Cyclists
Federation (ECF) (Figure 8.3). The network compfizgrteen long distance routes
covering a total of 70,000 km, including both omdoand off-road routes.
Significant advances on this infrastructure havenbmade with 45,000 km of bike
paths completed to date (ECF, 2014; Weston €2@1.2). The approach taken by the
ECF involves upgrading existing cycling or road tesuand re-branding the EV
route through signage and interpretation. Someesoate well advanced, but others
are just lines on a map (Lumsdon et al, 2009). @ttie ECF provides some route
development guidelines, priority is given to na#ibrstandards. By 2020, it is
expected that all EV routes will be delivered ow-affic roads or on traffic-free
infrastructure with an asphalt or other good duationsolidated surface (ECF,
2011).

131



Figure 8.3 - Left: EuroVelo; right: EV1 in Irelarghowing realised (green), not realised
(orange) and planned (red) routes (ECF, 2014)

Two EV routes pass through Ireland:
EV 1, ‘The Atlantic Route’ from Northern Norway t8outhern Portugal,
enters Ireland at Larne, passes through Northegtarid and enters the
Republic via the Kingfisher Trail. The route cont#s along the west coast,
the south coast and ends in the south east oftlv@nry. The route comprises
existing greenways and signed cycle routes.
EV 2, ‘'The Capitals Route’ begins in Moscow andvéla through Minsk,
Warsaw, Berlin, Amsterdam, London and Dublin andisenn Galway.
Therefore, the route will be facilitated by the @al to Dublin Greenway.

8.1.3 Funding 2009-16

In 2009 and 2010, NCN funding was provided by DTT@&810), along with Failte
Ireland and Mayo County Council, to construct thestfphase of the GWG.
Although the NCN map as proposed by NRA (2010a)rtwagormally been adopted
in policy, it was used as the basis for local goweent funding programmes in 2012,
2013 and 2014. In 2012, tiNational Cycle Network Funding Scherawarded €7
million across 16 projects of varying infrastruawovering 334 km, including some
short-distance greenways, but also for the addingneroad cycleways to down-
graded national roads (DTTAS, 2012a) (see AppeBilixThis followed an NRA-
backed approach for on-road and off-road cyclewage Section 8.3.1) rather than
greenways.

The success of the GWG, following official openimy2011 and through 2012,
bolstered support for greenways amongst policy-msgakecal authorities and the
public. In 2012, citing the success of the GWG, Nhirister for Transport, Tourism
and Sport called on the Galway to Dublin corridértiee NCN to be “a cross-
country, off-road cycle route, and this would hasignificant potential to be
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marketed internationally and attract new touristiownay want to walk or cycle
across Ireland” (DTTAS, 2012b). Due to the lackpaficy on NCN design, this
ministerial statement informed planning for the & to Dublin Greenway and the
wider NCN. The statement signalled a shift in fotmgreenways and an orientation
to tourism (cycling holidays etc.), and this is m®rout in subsequent funding
programmes. The emphasis on direct return on imest, particularly to local
business, is an indication of the tourism orieotat- as opposed to, for example, a
greater emphasis on commuting or local recreatibichvcould deliver health and
other indirect economic benefits.

In 2013, the National Cycle Network Seed Fundinbpeme awarded €400,000 seed
funding to 12 projects to enable local authorittesdevelop detailed greenway
proposals (DTTAS, 2013). This seed funding schemeognised the time and
financial resources required by local authoriteplian and design NCN routes. The
2014-2016 funding programme called for “routes tai predominantly off-road”
and “which will offer the best return in investmentterms of meeting demand and
generating economic activity" (DTTAS, 2014a). €1liom wasawardedacross four
greenways. A further €10 million was awarded totesun nine counties as part of a
national infrastructural stimulus programme. Howewvas Figure 8.4 shows, the
routes completed do not form a coherent netwogtegent.

Figure 8.4 - Open, planned and proposed greenwags H0km in length
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Between 2009 and 2016, €29.7 million has been tedes NCN projects; Table 8.1
presents the breakdown of funding by source and. y@ther sustainable transport
funding was awarded through the Active Travel Tovunrading scheme (€6 million
in 2012-13 and €6.5m in 2014) and the Smarter TrAveas competition (€21.7
million for 2012-16). Routes within the Greater DinkArea (GDA) are managed by
the NTA, which invested €17.5 million and €13.4 lrait in walking and cycling
projects in 2013 and 2012 respectively, including Grand Canal Cycle Route as
part of the Galway to Dublin Greenway (Aherne, 20X3ther routes which link to
the NCN have been developed by local authorities.

Table 8.1 - Funding for NCN projects 2009-2014 leding GDA)

Year Funding (€ m) Funding programme Funding body
2009-11 5.6 GWG funding DTTAS, Fl, DCRGA*

2012 7 NCN funding scheme 2012 DTTAS

2013 0.4 NCN seed funding DTTAS

2014 0.4 Wild Atlantic Way funding DTTAS

2014 6.3 NCN funding scheme 2014-1€EDTTAS

2014 10 Infrastructure stimulus DTTAS

Total 29.7

*Department of Community, Rural and Gaeltacht Affat abolished in 2011 with remits subsumed
into DECLG, DAHG and others

8.1.4 Future of the NCN

Recent policy announcements in three differentasegboint to a bright future for

greenways in Ireland:

1. Tourism. The new national tourism policy, Growing Touristo 2025,
recognises the importance of public funding forimdgnvestment in tourism
infrastructure, including greenways, and praisesitimovation of the GWG. For
future investment, DTTAS (2014b) proposes thaffutlire investment must be
evidence-based and within a framework for destmatievelopment.

2. Rural development CEDRA (2014) and the €30 million Town and Village
Renewal Scheme, cite the potential for greenwaysvelicles of rural
development and call on the use of state-ownedsléordthese routes.

3. Transport. The Capital Investment Plan (DPER, 2015) setea§itDOmillion for
Smarter Travel, including greenways. DTTAS (201da)es the environmental,
economic, health and congestion benefits of walkind cycling calls for greater
investment in sustainable modes to cater for futi@esport demand. It also calls
for more effective spatial planning policies toerafor growing travel demand in
an environmentally and economically sustainable.way

The Irish government has also identified the paaénd leverage European funding
for greenways (Kelly, 2014a), e.g. Rural Developméunnd, Cohesion Policy
(Regional Development Fund, Social Fund, Cohesiomdl; and funds directly from
EU institutions (Ten-T, FP7, Life etc.) (Ensink,120). Funding for Irish NCN routes
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could take the form of sections of EuroVelo route®ugh the Ten-T programme,
cross-border routes with Northern Ireland, or in&ional routes through
collaboration with Wales or elsewhere (Corriganl£20

8.2 Planning

It is worth recalling at this point the planningafnework developed in Chapter 5
which would be key to both the planning and fundifigreenways:

Accessibility — connectivity, land, population cess, facilities

Safety — segregation, design (e.g. junctions)

User experience — separation, scenery, attractions

Design — see list of user preferences

Environment — low-carbon, ‘natural feel’

Economy — maximising benefit:cost, facilitating ®ytourism

8.2.1 Network foundation criteria

Approaching the NCN from a tourism perspective |tEdireland (2007) cited the
following planning requirements for cycle touristafe places to cycle, attractive
routes with good scenery, well-connected and sigtgab routes and destinations
avoiding long detours, opportunities to visit loedtractions and specific places of
interest, food, accommodation and refreshmentslablai at comfortable intervals,
and easy access to alternative cycle-friendly moafesransport. These criteria
generally align with those formed in this reseaxold led the organisation to propose
the following for the NCN between urban areas:

Utilise the network of country lanes and roads,

Consider regional roads with low traffic volumesiapeeds,

Consider national roads with wide, well-surfaceddrehoulders,

Consider providing cycle tracks beside busy roads,

Investigate providing greenways along disused ejllines, canal towpaths

and river-side paths.
A departure from this research is the proposalsw the hard shoulders of regional
and national roads. Respondents to the interndtgnegnway survey clearly stated
their desire to be well-separated from traffic am@dny qualitative responses
mentioned that hard shoulders are inadequate fatteactive cycle tourism product.

Smarter Trave[DTTAS, 2009a) stated that walking and cyclingilfaes should:be

a safe and pleasant experience, form a coheremtorigt place an emphasis on
safety, directly serve the main areas where pewmié to travel, provide priority

over vehicular traffic at junctions, be free frorbstructions, and have adequate
public lighting. Furthermore, the policy notes tisagnificant housing development
should be fitted with safe walking and cycling rest particularly routes to schools
and access for people with disabilities. In gendbdITAS (2009a) emphasises the
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need for traffic-free or traffic-calmed urban cestrand safe routes for walking and
cycling for everyday journeys. With regard to thEN| the policy recommends:

the creation of traffic-free urban centres to féaié cycling, and

investment in a national cycle network with urbatworks given priority.
The policy calls for the use of state-owned lanals vialking and cycling trails,
including canal tow-paths, disused railways andllt@o{forestry) land. This policy
concentrated on improving sustainability in transmnd therefore placed greater
emphasis on urban networks, which show far grgaitmtial for modal shift.

In the National Cycle Policy FramewofKDTTAS (2009b) adopted the Hierarchy,
prioritising traffic volume and speed reductiondauilding cycle networks that are
composed not only of cycle lanes and cycle trabks,of cycle-friendly roads and
junctions — designed to provide a safe passinguiist of 1.5 metres. The policy
defines ‘cycle-friendly’ routes as those that aaéesdirect, coherent, attractive and
comfortable (following CROW (2007)). The policy ggts rural cycling
networks,primarily for cycle tourists and also fecreationalistsin and around urban
areas, by:

using a mix of minor roads and some greenways

using greenways for typically the first 10 km frdomsy urban centres

considering disused railways and canal tow-paths

considering hard-shoulders and the contiguous splaads
The policy tends towards the integrationist positio the segregation debate, yet
recognises the importance of tourist-oriented o#er infrastructure in some places.

For the National Cycle Network Scoping Studyie most influential document
guiding the NCN, NRA (2010a) chose the followingiteo corridor criteria:
- Connect the major cities and settlements of grehtar 10,000 population
Facilitate commuter, leisure and tourism usage
Utilise or connect to existing road cycling infrastture
Use or connect to the proposed Failte Ireland ne¢wo
Link to ports and major airports
Achieve good coverage countrywide
- Connect to the NCN in Northern Ireland
There is a strong emphasis on connectivity andsadudity in these criteria, which
is not seen to the same degree in the precedimgmmaendations. Although this
emphasis manifested in greater priority given termsd and off-road cycleways,
rather than greenways. This could be indicativéhef NRA approaching the NCN
from a traditional road planning perspective, rattien considering the different
requirements for cyclists (e.g. cycle tourists aegaration from traffic). Although,
NRA (2010a) was the most influential for the inlifianding for NCN routes in 2012,
the experience of the GWG shifted the priority t@emway provision and this is
evident in the funding criteria and design guidance
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While the four main contributions to NCN formatibave been outlined previously,
it should be noted that a wide range of other mafipolicies and strategies are also
relevant. For example, the recreation policies efesal semi-state boards,
particularly those with significant land holdingse important (bodies are detailed in
Appendix 8). Also, below national level, the formoat of the NCN is informed by
regional planning guidelines, city and county depehent plans, local area plans
and walking and cycling strategies. A National le#dvisory Committee has been
assembled to account for the wide range of stakleh®land policy areas. Generally,
these stakeholders are supportive of the concemjreénways, promoting rural
recreation and development,but have not providegdiBp criteria for the formation
of the network.

8.2.2 Route funding criteria

There have been three NCN funding programmes te, get outlined in Section

8.1.3. The progress of these programmes displag tbonnected trends: (i) towards
greenways, (i) towards a tourism orientation, afiij towards the need to

demonstrate return on investment. Firstly, DTTA®1@2a) called for routes that
would facilitate both local transport demand, ratien and tourism. Emphasis was
placed on safety and the suitability of routesdibrusers. Specifically, routes had to
consider existing cycle routes, potential to limkrbutes in other area and future
plans for development of routes. Secondly, DTTAG1@®), offered seed funding for
off-road greenways with potential to be world-clasgp attractors, generating
recreational, tourism and economic activity. FipalDTTAS (2014a) called for

routes that ar@redominantlyoff-road offering return on investment by genergtin
economic activity. Table 8.2 presents the NCN fagdiriteria for the three funding

programmes.

Table 8.2 - NCN route funding scheme criteria (D¥T2012a; 2013; 2014a)

2012 2013 2014-16
Alignment with concept  Off-road, world-class route Off-road,
(e.g. safety) (e.g. length) world-class route

Potential demand (transport
& tourism/day-trip)and

Tourism / day trip

Tourism attraction .
attraction, local transport

. in own right .
economic impact g where feasible
: S . Destination attributes
Deliverability in time Potential for local and .
o . . (scenery, traffic-free,
(no land ownership issues) functional cycling
safety)
: . Family cycles (shorter
Alignment with other o .
g . Connectivity and future distances between rest
transport, tourism, sport . .
. o development plans stops, junction
locations/priorities . .
warning signs)
Cost and potential .
P Geographic spread

co-funding
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Thesecriteriaillustrate a shift of emphasis frora thle of linking towns and general
function as a transport corridor to a tourism aedreation role. In the 2014-16
scheme, the role as a transport corridor should lbelconsideredhere feasiblend
generally funded rural, unconnected greenways. oAlgfh it is positive that
greenways have started to receive more attentiathgr than say on-road
cycleways), it is of concern that these cyclingesnRs could further marginalise
cycling as a tourism or leisure mode of travelheatthan a serious option for
everyday, utilitarian trips; this is discussedhie tonclusion of the chapter.

8.2.3 Land acquisition: opportunities and constraints

The acquisition of land has proven to be a majotofainfluencing the planning of
the NCN. The NRA route selection process was cedlim Section 2.8.2 and the
first stage of this process is the identificatioh amntraints — anything of an
environmental, economic or legislative nature ttwtld affect the development of a
scheme. This framework is not fully applicable éycling (see Section 2.8.2) and a
reclassification is proposed here to reflect ‘oppoities’ and ‘constraints’ for
routing and land acquisition. These factors cano atketermine the design
characteristics of greenways, e.g. some land-upestysuch as bogland) pose
distinct design challenges. Some of the natural artdicial opportunities and
constraints have been adapted from the NRA Prdyntagement Guidelines in
Table 8.3. As an example of how some factors cpresent both opportunities and
constraints: rivers provide scenic views and oft@ve accompanying paths, but
require a bridging point; busy population centresyrhe positive for commuters, but
negative for some leisure cyclists. External patanse such as legislative
frameworks, including access agreements and comyufsurchase, policy, plans,
engineering standards etc should also be consid8me@&xamples, focusing on route
opportunities, follow the table and will be refeced in the case study in Chapter 9.

Table 8.3 - Some natural and artificial opportuegiand constraints

Natural Artificial
Opportunities Constraints Opportunities Constraints
Woodland Designated sites Railways RMPs
Bogs Steep hills Quiet roads Traffic
Rivers Rivers Canals Motorways
Lakes Lakes State infrastructure Landfills
Parks Population centres  Population centres
Landscape Points of interest

Bogland

Bogland can be suitable for cycleway constructiae do the relatively reduced

structural requirements when compared to roadsd BarMona (peat board) holds
approximately 77,000 ha (770 k% total Irish land area) over 130 bogs, mainly
in the midlands, and has constructed cycling rourtethe past, e.g. Lough Boora,

Co. Offaly. Bord naMona has constructed 700km efmmnent railway track,
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140km of temporary railway track and several rajwaidges to transport peat,
which may be suitable for routes (BnaM, 2015). $medesign challenges include
the minimisation of environmental impact (see Ckap) and the use of light-weight
materials and structures (cf. Abbeyleix Bog Projé®15) for boardwalks over
bogs).

Woodland, National Parks & Nature Reserves

Forests can provide scenic cycle routes and margstfaoads can act as route
facilitators. Coillte (forestry service) owns ove45,000 ha (4,450 kthin Ireland —
about 6% of total land cover. Coillte owns the lesigwalking trail network in
Ireland and have, to date, developed over 2,000kwatking and cycling trails, 150
recreation sites and 10 forest parks (Coillte, 20T&ere are also six national parks
in Ireland, managed by the National Parks and \lfélBervice. Nature Reserves are
areas of importance to wildlife and are protectedriinisterial order (NPWS, 2015),
there are 72 in Ireland. These parks and natuerves include a range of walking
and cycling routes. As many of these areas formremwmentally designated areas
(SAC, SPA, NHA), careful planning and design aregjuieed to minimise
environmental impact and to negotiate the planpmgess.

Railways

Railways are seen as particularly desirable foregnery development as the
alignment are usually state-owned, flat, straigbtinected to town centres and can
offer scenic views. A rail-with-trail is a greenwédgcated adjacent to (or on) an
active railway (Birk et al., 2002). Thousands dbhkietres of these routes have been
successfully built and are in regular use, paréidylin Spain, UK, USA, Canada,
Australia and New Zealand (Birk et al., 2002; Aychnengo, 2012). Railways in
Ireland went into decline during the proliferatiof the motor car and there are
hundreds of kilometres of abandoned and disusess latross the island of Ireland
(Figure 8.5) (see Hennessy (2012) for an animaddavay timeline). Several of
these routes have already been converted to grgsnwecluding the GWG and
Great Southern Trail (Co. Limerick) and others @lemned. Where the ownership of
the alignment has not remained in State ownershgoess agreements or land
purchase are required. In the development of gragswn closed railways, conflict
has emerged between greenway campaigns and carmpaigeopen railway lines,
e.g. between the Sligo-Mayo Greenway and the Wed®ail Corridor. Specific
design challenges include the assessment and témovaf bridge and other
structures.

Canals and navigations

Figure 8.5 shows the major canals and navigatiomsth® island of Ireland,
numbered 1 to 7: Barrow navigation, Erne systeman@rCanal, Lower Bann
navigation, Royal Canal, Shannon Erne waterway, &ithnnon navigation
(Waterways Ireland, 2015). There are also manytsharban canals in Irish cities,
e.g. Galway and Limerick. The Royal Canal conn@&@uiblin to the River Shannon
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(at Cloondara, Co. Longford) (145 km) aicurrently includes sections of tl
Galway to Dublin Greenwa. The Grand Canal connects Dublin to the R
Shannon (at Shannonbridge) via Tullamore (132 and has the potential to be
further crosszountry route, howevethere are fewer population centres would
require 20 km spurs. Butle2@09) outlines the contemporary role of canal talwg
and points to measures necessary for recreatioral Gafety measures a
restrictions on the use bituminous materials ctutstikey design challenges (
McCool (2013)).
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Figure 8.5 -Left: Irish railways in 1906 (Winchester, 2014)ghit:canals and navigatior
(Waterways Ireland, 2015)

Access agreements

Where State lands are not available for greenwagldpment, access agreement:
land purchasemust be consider, e.g. in the case of gredield developmer.
Permissive access has emerged as the preferred (Kelly, 2014b)and has bee
implemented on th&WG (Connor, 201. In this arrangement, a local authol
negotiatesagreements with irividual landowners to secure land for the green
without direct payment (other than accommodatingk&— fencing drainag etc.).
The agreement stipulates that the route close ffier day per year to prevent t
establishment of a right of way and anne landowner can withdraw from t
agreement at any time. Disadvantages of the permissccess model are

precarity (GWG has closed due to disputes betwden lbcal authority an
landowners) and the resource intensity of negotiat{Kelly, 2014b).Other land
access options for greenways include recreationabss schemes, such as
Mountain Access Scheme and Walks Scheme. Now disceal, these schem
provided landowners with payments for the develapmand maintenance
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national walking trails. Buckley et al. (2009) fauthat 21% of Irish landowners are
willing to provide access free of charge for retme®l walking routes. 28% are
willing to provide access if compensation is pr@ddand the mean willingness-to-
accept for these landowners was found to be €27@&myear. However, 51% of
landowners are not willing to provide access.

Compulsory purchase

Compulsory purchase for transport infrastructureetiment is common and has
its origins in the Wide Streets Commission as wasllin land acquisition for canals
and railways. In Ireland local authorities have tm@wver to use CPO “for the
purposes of performing any of its functions” (Dohog, 2015). Compulsory

purchase has only recently been suggested for wesen precipitated by the route
selection of the Galway to Dublin Greenway. Théifiesition of this method is the

percarity of permissive access for a scheme of ldnigth and investment and the
lack of available State lands (AECOM/Roughan O’'Deaarg 2013a; Donoghoe,

2015). However, opposition by landowners to the aiS€POs has resulted in the
shelving of the Ballinasloe-Galway section of thal&ay-Dublin Greenway (Figure

8.6) and has delayed the Glenbeigh to Cahercivesai® route (Co. Kerry)

(O'Sullivan, 2015; Tierney, 2015). Further infornmet on land acquisition is

provided in the case study in Chapter 9.

Figure 8.6 - Opposition to greenway developmermiaist Co. Galway (N65 outside
Loughrea) and west Co. Galway (Moycullen/Oughteyg@hlway Bay FM, 2015)

8.3 Design

This section describes the facility options for N@Nites in rural, inter-urban areas,
building on Section 2.3 of the literature reviewhieh broadly outlined the types of
cycling infrastructure. The analysis considers foypes of infrastructure: on-road
cycleways, off-road cycleways, greenways and doiedl roads. As cycleways are
defined as public roads, appeal to different users are shaped by policy, funding,
legal and design guidance developments, carefusideration is required in route
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selection — as shown in the An Bord Pleanala cagesh follow. The choice of
prevailing route type will characterise the NCN.

8.3.1 Facility options

On-road cycleways

On-road cycleways are separated from motorisefidray delineation markings at
least 0.5m wide and can cater for cyclists and gted@s (NRA, 2010a) — see Figure
8.7. Hard shoulders (after surface treatment / lemgvorks) may be considered for
NCN routes, thereby avoiding land acquisition. Thad classification and posted
speed limit are vital considerations for on-roadcleways. In Ireland road
classifications (and typical speed limits) are aBoWws: Motorways (120 km/h),
National (100 km/h), Regional (80 km/h), Local (es). Inside built-up areas, the
speed limit is 50 km/h; a special speed limit ofKB/h, can be used in the vicinity
of some schools and in some built-up areas to ptemoad safety and cycling
(RSA, 2012). Following motorway construction in eat decades, many national
roads have been downgraded to regional status r@ncoasiderably less trafficked.
These roads generally offer sufficient width fore tltonstruction of on-road
cycleways (Roscommon CoCo, 2012).

Figure 8.7 - On-road cycleways R445 Limerick to &gn(Limerick Cycling Club, 2013)
(left) and R292 Sligo to Strandhill (ROD, 2013p)

On-road cycleways have been aligned on a numbelowhgraded national roads.
However, the ambiance and comfort (and therefoegeisand value-for-money) of
these routes was called into question (LimericktP@812; NRA, 2014a).This
criticism mirrors the findings in Chapter 5 for usxperience and a preference for
separation from motorised traffic. Although on-raaatleways are cost-effective and
quick to develop and embody little to no carbois form of infrastructure exposes
users to vehicular emissions and is less likelgttact cycle tourists and recreational
users, particularly families.
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Off-road cycleways

In rural areas, cyclists have traditionally used trard-shoulders of national roads
and these hard-shoulders can be improved for aycliowever, new road types
(Type 3) without hard-shoulders have been introdudey the NRA and
accommodation for pedestrians and cyclists on theses is therefore required
(Roughan O’Donovan, 2009). Off-road cycleways aggrsgated from the road
surface using a grass verge or a related form g$ipal separation (NRA, 2010a;
NRA, 2014a) — see Figure 8.8. These routes usesiwd@adverge space for
construction and therefore may or may not requrel lacquisition. The advantages
and disadvantages of off-road cycleways are digcligs the context of the ABP
cases.

Figure 8.8 - Off-road cycleways on the N56 Cloghdtm Boyoughter (left) (ROD, 2014a)
and N59 at Derrylea (right) (ROD, 2014b)

Greenways

A review of greenway theory and development wasvigexl in Section 2.3 and
Chapter 5 detailed user preferences. While NRA 4aQ1in the context of rural
cycle schemes, defines a greenway as any cyclenvayrécreational environment,
this thesis places a greater emphasis on sepafabionmotorised traffic, closer to
that of a trail. These routes are known by a widgety of terminology, including:
shared-use paths, stand-alone paths, multi-usks,ti@nd rail-trails. Considering
trails, the Irish Trails Strategy (ISC, 2007) defina recreational trail as a corridor,
route or pathway for recreational walking, hikingycling, canoeing and horse-
riding. There are 44 National Waymarked Trails, ebhare classified and managed
by the NTO. Focusing on greenways for cycling, esutave been developed in non-
vehicular environments such as in parks, next teemays and shorelines, and more
recently as part of the NCN. Long-distance toureamd recreation routes have been
built in Co. Mayo and Co. Limerick and dozens ohiéar greenways are planned or
have been proposed in most counties (see Appendldridan greenways have been
built in the Tolka River Valley and along the Gra@dnal in Dublin City, and are
planned across the GDA, Galway City and other udraas.
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Quiet local roads

Ireland has a dense local road network of quieti-tlafficked, rural roads which
offer a significant opportunity for cycling routékaird et al., 2013; Failte Ireland,
2007; van den Dool & Murphy, 2014). Several of thesads are located in less
densely-populated, scenic west coast region wghifstant cycle tourism potential.
The main issues with these roads relate to sgbetyicularly due to motorised traffic
speed and volume (as highlighted in Chapter 4 floami roads). EuroVelo guidelines
(ECF, 2013b) state that routes on roads with spieeits in excess of 30 km/h
should carry no more than 2,000 vehicles per dayp(eferably less than 500) as
may be the case for many rural Irish roads. Howerearly all rural roads are
designated speed limits far in excess of 30 kmd@ererally 80 km/h. (A new rural
speed limit (and road sign) was introduced in Ma&0i5 and means that motorists
should use their own judgement, though 80 km/h riieetly remains the speed
limit). In these scenarios, the Guidance GraphufEdg.7, Section 2.3) and NRA
(2014a) call for off-road infrastructure.

Figure 8.9 - Advisory cycle lanes on EV2: D-Net8&xony-Anhalt, Germany (left) (Anhalt-
Dessau-Wittenberg, 2015) and LF4, South Hollandh&ltands (right) (ECF, 2015)

A potential compromise is the use of advisory cyales - marked by broken white
lines and motorised vehicles may enter the cyabe lmr overtaking (described in
Section 2.3.3). These lanes have been used in Ggrarad the Netherlands (also
known as ‘auxiliary lanes’).Advisory cycle lanesvieabeen developed in a small
number of locations in Ireland since their inclusio the National Cycle Manual
(such as Cemetery Road in Sligo Town), but beenhyetiticism (usually based on
poor application by LAs and a lack of understandiggnmotorists). If this route type
is to be used, it is vital that only genuinely ldavaffic roads (e.g. below 2,000
veh/day) are considered. Other potential safetyeissnclude excessive speed, poor
sight lines, surface quality, dangerous junctions.

144



8.3.2 Evolution of design guidance

The design guidance and legal context of the NCof i&r-reaching importance for
route layout within the network, strongly influengithe choice between designing
for on-road cycleways, off-road cycleways and gvemys. The NRA has played a
formative role in the NCN and, given its role intinaal road design and

responsibility for delivering the Galway-Dublin @mway, also plays a specific
design role. It is therefore worth briefly examigithe evolution of NRA guidance
on rural cycle scheme design and later the planaimblegal context of this design.

On-road cycleways and the general use of hard-dboalof national (and down-
graded national to regional) roads were judgedhsy NRA to meet the statutory
obligation (under the Roads Act) to accommodate rakhd users, including
pedestrians and cyclists. This also aligned withNHRRA (2010a) concept of linking
urban centres as part of the NCN. Over 100 km ofroad cycleways were
constructed, however, the attractiveness and ushtfgese routes were called into
question. The introduction of new road types (dgpe 3) for improvements to
national roads in rural areas with relatively loraffic volumes required a new
provision for pedestrian and cycle facilities ashawd-shoulder would be provided.
In this provision, it was considered that the |lowad applicable for this road type
coincided with locations popular with cycle tourismd intended for the inclusion in
the NCN. A review of the Type 3 single carriageveagss section was completed to
include provisions for cyclists and pedestriansational roads in rural areas (NRA
& ROD, 2009) and this was followed by an NRA InterAdvice Note on provisions
for cyclists and pedestrians on Type 2 and TyparBageway national roads in rural
areas in 2012 (NRA, 2012a). These road types wiote@ in short sections in
Connemara (N59) and the Dingle Peninsula (N86)alRina full Rural Cycle
Scheme Design standard was published as part @NiRB in 2014 (NRA, 2014a).

The Type 3 road section comprises lane widths ofr&rower than the Type 1 and
Type 2 lane widths of 3.65m and 3.5m, respectivelsee Figure 8.10 and Figure
8.11. This narrower width, designed to mitigate atipon the landscape, was
expected to impact on the perceived comfort andtgah sharing the road lane with
motorised vehicles and, therefore, separate cygleweere provided. A full rural
cycle scheme design standard, TD300 (NRA, 2014a3, developed, reflecting the
increased priority given to cycling infrastructutesign. Regarding facility selection,
TD300 states that off-road facilities must be pded for roads with a 5percentile
speed of 50 km/h and/or an AADT of over 1000 maitedli veh/d. It notes, however,
that off-road cycleways require more land (potdiytinvolving CPO) and that
interface with the road requires significant coesadion. Now standardised, rural
cycle facility choice is summarised in Table 8.4eTmajor question left open by this
standard is the choice between off-road cycleway greenway (both potentially
cycle tracks); this question arose in two ABP cases
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Figure 8.10 - Type 3 single carriageway cross-sec{NRA, 2014a)

Figure 8.11 - Off-road cycleway cross-section (NR®,4a)

Table 8.4 - Rural cycle facility choice (NRA, 2014)

85" Percentile

~SPeed _sokmm | 50-60 kmih | 60-80 kmih | >80 kmih
Traffic
Volume
Cycle Lane /
S D svDr Shasregczoad Off Road CO:;eR'Ic')fck CO:;eR'Ic')fck
P Cycle Track y y
1000-6000 | CYclelane/| Cyclelane /|y o ood Off Road
AADT Off Road Off Road Cycle Track Cycle Track
Cycle Track | Cycle Track y y
Off Road Off Road Off Road Off Road
> 6000 AADT Cycle Track | Cycle Track | Cycle Track | Cycle Track
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8.3.3 An Bord Pleanala cases

An Bord Pleanala (Planning Board) is responsible d&ppeals of local authority
planning decisions and strategic infrastructureettgyment (including roads) under
the Planning and Development Acts (ABP, 2013a)idwat Cycle Network routes
have featured in two significant cases, which hawemportant bearing on corridor
design. Both cases relate to secondary nationalsraa rural, high-tourism and
Gaeltacht (Irish language speaking) areas (cori§glire 8.2 and Appendix 7 for
context mapping).

N59: Oughterard to Clifden

In 2012, Galway CoCo sought permission to build thennemara Greenway
between Oughterard and Clifden (52.4 km). The geagnis planned to follow the

abandoned railway line for all save 11.7 km (22%}atal length, where railway

sections were incorporated into the N59 alignmenot. this section, Galway CoCo
intended to provide an off-road cycleway adjacentie N59. However, there was
opposition (including from Galway Cycling Campaign)this form of infrastructure

on the basis that this design is sub-optimum ftousism-orientated greenway and
that a suitable traffic-free alternative existghe forms of unused railway trackbed
and quiet local roads (which were presented to AB&n oral hearing - Figure 8.12)

Figure 8.12 - Alternative quiet local roads (blygksented to ABP for Connemara
Greenway

Galway CoCo accepted some of these alternativehalved the length of off-road
cycleway to 5.2 km. The council also agreed to g®ew 2.5 m separation (0.5 m
hard-shoulder and 2 m verge) between the off-ropdeway section and the
carriageway edge. Other objections were lodged dbase landownership and
environmental impact. ABP (2012) granted permission the greenway on the
conditions that separation between users and ngetbrvehicles is maximised as
well as other environmental-based conditions. Tlasecshows that the local
authority originally sought the option of an offag cycleway where there were
alternatives; however, the local authority was pregd to provide further separation
for this section to maximise greenway-quality smtsi emphasising separation. At
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the time of writing, Galway CoCo is in consultatiaith landowners, but has not
been granted any substantial funding. The routevdest Oughterard and Galway
City is also at the landowner consultation phase, lias faced some opposition
(Figure 8.6).

N86: Dingle to Camp

The second case, which also began in 2012, sawy Keounty Council request

planning permission for the N86 Dingle to Annascantd Gortbreagoge to Camp
road improvement scheme, worth €65 million. The saiof the scheme were to
improve road safety along 28 km of the main robteugh the Dingle Peninsula and
to facilitate the economic development of the apzaticularly in the context of the
Wwild Atlantic Way (tourism driving route). The sahe included an off-road

cycleway in a Type 3 layout (Figure 8.13). The DénBeninsula is regularly visited
by cycle tourists and the N86 forms part of thedMalo EV1, the Atlantic Route.

Kerry CoCo submitted an Environmental Impact Stateh{EIS) to ABP, arguing
that the road upgrade was necessary and that thea@y would improve conditions
for cycle tourists in the area, citing Failte Imdia (2007). The Irish Cycling
Advocacy Network, Cyclist.ie, opposed the schem@deabral hearing, referring to it
as a ‘fake greenway’. It was argued that recreatioyclists are not looking for just
any traffic-free facility, but one that is away finanoise, smell and other disturbances
due to high-speed vehicular traffic. The campaign@inted to the success of the
GWG and pointed out that the abandoned Tralee-Binglway and quiet country
roads exist as off-line alternatives (Cyclist.i®13).

Figure 8.13 - N86 improvement scheme: road (red) eyctleways (blue) (RPS, 2011)
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Although ABP (2013b) accepted the need to upgrhderdad, the Board refused to
approve the EIS of the scheme on the basis tha2&ha width of the construction
corridor was excessive, resulting in excessive lo$snatural habitats. ABP
considered the inclusion of proposed cycleway gmificantly contribute to the
width of the corridor and that the route might bet attractive for pedestrians and
cyclists due to the proximity to a busy secondastiamal route, resulting in
underutilisation of the cycleway. An Bord Pleanddatructed Kerry CoCo to omit
the cycleway from the width of the road alignment do consider alternatives for
the cycling route.

However, in 2014, the ABP (2013b) ruling was overéd in a judicial review in the
Commercial Court by Judge Peter Charleton (2014ariéton ruled that ABP does
not have the power to decide which roads are napgasd how they should be built
—this is the duty of the local authority. Furthemsmosince ABP is a road authority,
subject to the Roads Act 1993-2007, it must comside needs of all roads users.
ABP, by excluding the cycleway, failed to considkee needs of pedestrians and
cyclists in the road scheme. Without off-road cwags, Charleton judged that
cyclists would be expected to share the roads wathicular traffic. Although there
was a proposal to provide for cyclists on an algwe dedicated trail, Charleton
ruled that ABP has no power to refuse permissiorthenbasis that an alternative
route for pedestrians and cyclists be construc@uarelton also noted that the
alternative route has a steeper gradient and tieahg/ays take years to deliver — if
they ever are in fact delivered. The ABP (2013kjislen to refuse permission was
therefore quashed and Kerry CoCo was invited talnest the EIS. In November
2014, ABP reversed their position and approved dyeeway as part of the full
scheme.

In 2015, An Taisce was granted leave to review ABRbvember 2014 decision
based on environmental impacts of the scheme, dmguon the visual landscape,
stating that an EIS should have been completedsadhe full length of the scheme
rather than sections (known as ‘project splittinghe local population responded to
An Taisce’s objection by organising a protest o0 P@ople in Dingle in February
2015, arguing that the road improvement schemeldhmoceed on the basis of
economic development and road safety. As of Noverab&5, the scheme is in the
Court of Appeal. This case illustrates the com@ekof actors and legal framework
which are sometimes in play in cycling infrastruetdevelopments.

8.4 Conclusions

A shift in Irish policy has increased the emphasigpromoting walking and cycling
for sustainability in transport. Furthermore, wdrk Failte Ireland has highlighted
the potential for increased cycle tourism in Irglaincluding the facilitation of
EuroVelo, but only on the basis of improved safaty infrastructural provision for
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cycling. The National Cycle Network has emergednfithis background as a vehicle
to promote cycling for transport, tourism and reti@. The success of the Great
Western Greenway inspired investment in the NCN aemcburaged a tourism and
greenway orientation for routes. Government scheno®g prioritise the economic

impact of cycle investment schemes and require dsiration of value for money.

Despite these developments, there has been Bskarch on the NCN planning and
design or indeed the impacts on user safety, ecgraom environment. This chapter
pioneers a critical analysis of the Irish NCN, itigtng route selection criteria,

policy requirements, funding mechanisms, infradtree options and research
required (this information will be used in the cadady chapter which follows).

Moreover, the methods and results throughout thésis are highly relevant for
international greenway and cycle networks. Theeef@aur main conclusions:

1. Public engagement and user preferencesDisputes arising from land
acquisition and the ABP cases highlight the imparéaof meaningful public
engagement with landowners, local communities, isgcladvocacy groups,
government bodies and other stakeholders. The redigpreferences of these
stakeholders should be factored in at the planaimd) design stages of cycling
infrastructure (as highlighted by Deegan & Parid11)). Chapter 5 has made a
contribution to this process by engaging over oheusand international
greenway users, but local consultation is vitahis regard.

2. Facility choice and design guidanceln his ruling on the N86, the central
problem for Charleton was the exclusion of consten for cyclists and
pedestrians, which he stated was unequivocal gowemh policy — the needs of
all road users must be included in road plans. ddeption of the rural cycle
scheme design standard TD300 (NRA, 2014a) recogiise facilities must be
provided for non-motorised users in all road depslents (excluding
motorways and Type 1 roads), althoudimere may be occasions where a
facility for non-motorised users [...] is not justifi, due to the existence of a
suitable alternative off line route or where theseminimal demand for such a
facility anticipated. In such exceptional circuntstas, the omission of a facility
for non-motorised users shall only be accepted uraeapproved Departure
from standards{NRA, 2014a). This context raises the question dfeter
greenway-standard routes will be provided if anrofid cycleway has been
developed nearby or if there is an upgrade platoednearby road or if there is
the potential to provide a more cost-effective roikd cycleway in a nearby
location. While other options, such as on-road ewelys and quiet local roads,
are most cost-effective, Chapter 4 showed the pederisk associated with
interactions with motorised traffic (particularlprf women and older people).
Furthermore, Chapter 7 highlighted the value ttsrsi place on greenways and
a move away from this model could reduce poteetahomic impact.
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3. User experience and separationThe key difference between on-road / off-road
cycleways and greenways is proximity to motoriseaffic. Separation was
strongly emphasised in Chapter 5 as relating tmgxe to vehicular emissions,
noise and visual impact. Considering exposure tdiquéate matter: due to
longer travel times and higher activity rates, gdans and cyclists may intake
more pollutants than motorists — even up to 14 eseway from the centreline
(Grange et al.,, 2014), although this depends onvigctand dispersion
conditions. Buffers, such as a 3 metre wide parkamg, reduce cyclists’ intake
of ultra-fine particulate matter (Kendrick et &011). Although usually located
in rural areas, adjacent to relatively low-traffeckroads, the choice of an off-
road cycleway facility above a greenway (where #ermative exists) will
nevertheless lead to a greater intake of partieutatter by the facility users and
negatively impact the user experience of the route.

4. Environmental impact. Following from point 3, it must be acknowledgéuhit
greenways (and to a lesser extent off-road cyclejénave the potential for
significant environmental impact (as calculatedCimapter 6). This impact must
be balanced with design users, preferences (efgcsg) and the environmental
context of the scheme (e.g. designated sites, lvism@enity). Failure to
adequately consider environmental impact can leadftisal by ABP to approve
the EIS or in extreme cases a protracted legalebaitending three years or
more.

The following chapter will apply these conclusiotts a case study of the route
selection of the Mullingar to Oranmore section led Galway to Dublin Greenway.
This case study will also draw on many of the sediof this chapter including the
policy context, route options and challenges fat¢amgl acquisition.
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9 Case study: Oranmore-Mullingar NCN corridor

This chapter describes a case study of the plaramidgdesign of a greenway in the
Oranmore to Mullingar corridor, the largest partlugd Galway to Dublin Greenway,

flagship of the Irish NCN. This corridor was iddi#d at the earliest stages of this
research as representing an ideal test case faravel methods developed in this
thesis. Indeed, the actual planning of OranmoreliNgdr corridor by engineering

consultants encountered fundamental challengestl@mdoute has recently been
‘paused’ until a solution can be found. To this etite case study draws on the
principles, methods and findings from each of thleeo chapters of this thesis,
including the route selection methods and desigdamce from the literature review,
empirical findings on safety, design preferencesjrenment and economy in the
chapters which followed. The review of the Irish N@lso provides context and
highlights many of the key challenges faced in piag and designing this important
corridor.

9.1 Introduction

9.1.1 Galway to Dublin Greenway

The NCN scoping study identified the Dublin to @&h corridor as the flagship of
the network (NRA, 2010a). This coast-to-coast rautelld connect the capital and
most populous city of Ireland, Dublin on the eaetist, with Galway City and
Clifden, popular tourist centres in the west. Theate would facilitate EV2 ‘The
Capitals Route’, from Moscow through to Galway. Toerridor comprises the
Connemara Greenway (starting in Clifden) and thev@gato Dublin Greenway. As
the Connemara Greenway is currently in planning agparate route, this case study
focuses on the Galway to Dublin Greenway, whichldeen divided into six sections
(Table 9.1) and involves eight local authoritiestfee 31 in Ireland). Before honing
in on the Mullingar-Oranmore section for this casedy, it is necessary to provide
some background on the Galway to Dublin Greenway the challenges faced in
route selection.

Table 9.1 - Galway to Dublin Greenway sections

Section Dist (km)* Local Authorities

Dublin — Maynooth 29 Dublin City, Fingal, Kildare

Maynooth — Mullingar 61 Kildare, Meath, Westmeath

Mullingar — Athlone 51 Westmeath

Athlone — Ballinasloe 26 Westmeath, Roscommon, Galway County
Ballinasloe — Oranmore 56 Galway County

Oranmore — Galway City 11 Galway County, Galway City

*By current roads (excluding motorways), servingmtawns. The shaded area of the table marks the
sections in the Mullingar to Oranmore corridor.
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Although piecemeal route developments were funtealigh the 2012 and 2014-16
NCN funding rounds, a more coordinated approach ackpted for the Galway to
Dublin Greenway. Following the Minister for TranspoTourism and Sport’s

statement in late 2012 (DTTAS, 2012b), a greenwtageiard route gained impetus
and significant emphasis was placed on demonsfra&turn on investment. Failte
Ireland (2013) was commissioned to undertake madssarch on the cycle tourism
potential of the region and based on this inforomgtia joint venture between two
engineering consultancy firms, AECOM & Roughan Ofidgan (2014), prepared a
business case for the greenway. In 2015, theses fimere then hired to plan and
design the greenway. Their work built on the inifphase of this research, which
was consulted for the preparation of route selactio

There were three main findings of the market resephase of Failte Ireland’s and

AECOM/Roughan O’Donovan’s work:

1. Greenway preference There was a strong preference for traffic-freeley
routes with flat gradients, (varied) scenery, ascas historical and cultural
attractions, frequent facilities, and attractivéam areas. These results confirm
those of Chapters 4 and 5 of this thesis and sheéndevelopment of a greenway
orientation for the NCN, as described in the prasiohapter.

2. Long-distance preference There is a need for routes of sufficient length t
attract long-distance cycle tourists and thereftirectness is not a priority (as
found in Chapter 5). Given average cycling distanok60-80 km per day, to
allow for a 10-day cycling holiday (including regays), routes should extend for
more than 200 km with an ideal length of 300 kra.(confirming the results of
Downward et al. (2009)).

3. Economic potential There is the potential to attract 35,600 oversasgors
from Britain, Germany, France and the Netherlaradthe/ear. Based on overseas
spending on the GWG (see Chapter 7), the econoemeflts of these users was
estimated to be €13.4 million per year. Using ay8@r appraisal period and a
discounted construction cost of €82.6 million, Hemefit-cost ratio was found to
be 2.6. The break-even point for the greenway wétabéished at 14,000 visitors
per year. Domestic users were not included in tbenemic impact as this
spending does not represent a net gain to thenadtazonomy.

Based on these findings, AECOM & Roughan O’Donof@0i5a) set the following
vision for the Galway to Dublin Greenway:

Develop a segregated cycle and walking trail o€inaitional standard, extending
from Dublin City to Galway which is of a scale thaitl allow Ireland to harness
the potential of an identified growing tourism metrkor cycling. This corridor will

form part of an interconnected national cycle netwof high quality, traffic free,

inter urban corridors, which will establish Irelands a quality international
tourism destination for a broad range of associatedreational activities and
pursuits.
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Developing such a segregated trail, or greenwayuldvanot prove majorly
challenging for the eastern section of the route thuthe presence of the Royal
Canal towpath from Dublin to Mullingar and a disdisailway from Mullingar to
Athlone; these options were identified from an eathge of the NCN. West of the
River Shannon (at Athlone), on the other hand, uch suitable corridor exists and
AECOM/Roughan O’Donovan (2013a) acknowledged thedntor a “green-field
route” to provide an off-road experience.

9.1.2 Greenway planning ‘paused’

The consultants undertook a route selection proc@ss line with NRA
methodology), formed custom criteria and yieldeg@raferred route corridor (see
Figure 2.14 and Table 2.24 in Section 2.8). Thenteansidered it vital “that there is
a secure ‘right of way’ along the extent of theteothat is not jeopardised at any
point in the future” and this position led the NRAapproach DTTAS for support in
the use of CPOs, rather than permissive accestarfdracquisition west of Athlone
(see Section 8.2.3). Following the completion of tbute selection phase and the
approval to proceed with CPOs, many landowners ambed their local
representatives and the Minister for Transport, riemo and Sport to oppose the
route and what they perceived as the ‘threat’ ofOCH response, the Minister
instructed the project team to consult with induatilandowners.

The team duly visited 194 of the approximately 10@0@downers who own land

within or adjacent to the preferred route corridlorCo. Galway (between Galway
City and Ballinasloe) to ascertain opinions on thate. This process found mass
opposition to the current preferred route: 63% oo 27% in favour, 10%

undecided or unresolved (TII, 2015). In Co. Roscamntbetween Ballinasloe and

Athlone), there was much greater support for theteoalthough this section is

substantially shorter. Of the 86 landowners aldregroute, 74% accepted the route,
1.2% objected (1 landowner) and 24% were undealegere not contacted. Upon

receipt of the report, the Minister decided to ‘pauthe planning of the greenway
between Galway and Athlone to “allow time for alreflect on the issues raised and
to give consideration to the possibility of devef@pa new route that works locally

and has the support of key landowners” (DTTAS, 2015

These issues were raised in the Transport Infretstrel Ireland (TII) report and
expressed in media interviews. The two main farmorganisations, the lIrish
Farmers’ Association (IFA) and the Irish Cattle aBdeep Farmers’ Association
(ICSA) both opposed the greenway, citing a lackcosultation and a top-down
approached based on “maps and theory [with] Ilitlegard for local
communities”(Healy, 2015). Some of the specificuess raised by individual
landowners were: farm division and hassle of cragshe greenway, reduction of
holding value, reductions in single farm paymenhiliig to secureplanning
permission in the future, security/trespassinggow danger posed by animals to
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greenway users (timber fences inadequate), anckffieets of crop spraying and
silage cutting on greenway users. Based on thiogippn, landowners, farming
representative organisations and public repredeesatproposed a variety of
alternative routes and some of these are listddbie 9.2.

Table 9.2 - Alternative routes as proposed by aepaiof stakeholders

Route Proposers

Coillte / BnaM lands TD1, TD2, councillors

Greenway on active rail Selected route landowners
Cycle lanes on R446 (old N6) TD2, TD3, Senatorsncdlors, IFA
Quiet local roads Galway Cycling Campaign

Sources: Hutton & Rodgers (2015), Whelan (2015);=TDeachta Dala (Member of Parliament)

There was almost universal support by public regregtives for the use of state-
owned land and many representatives cited the elistslways and canals as used
in the eastern sections of the greenway; othergesigd Coillte forestry land and
Bord na Ména bogland. However, no detailed discustiok place on whether these
disused infrastructures or landbanks have the piaté¢n cover the distance between
Athlone and Galway City. There are two existingrictors which cover the distance
— one road and one active railway. Many (includisgners’ organisations) strongly
favoured the use of the old N6 (R446) road, whileuenber of affected landowners
raised the active railway — far to the north ofitheoldings. Also, the Galway
Cycling Campaign suggested the use of quiet lazads, citing similar routes as part
of EuroVelo.

9.2 Methodology

9.2.1 Route option scoring

This case study examines a set of route optionsgus similar route selection
approach as the NRA and AECOM/Roughan O’Donovah jrimorporating lessons
from other chapters of the thesis. This was comedlels a desk study and it was not
possible to undertake a detailed analysis of thi@ws route options (e.g. site visits,
user surveys, structural surveys, biodiversity sysy economic modelling).
Therefore, it was not possible to fully apply soofeghe empirical results found in
this thesis (e.g. user spending and embodied carbon

The main output of the case study is therefore application of the principles
derived from other chapters as well as the ovenalhod. The structure of the route
selection process is as follows:
1. The study area is defined and route opportunitiescnstraints are outlined.
2. Sets of route options are identified for each sectithen scored and
eliminated based on the scoring mechanism showialie 9.3.
3. A preferred route corridor is highlighted and arsaly.

155



While it was not possible to apply detailed empifkicesults from previous chapters
to this high-level route selection, a set of keinpwhas been attributed to each of the

criteria.
Table 9.3 - Case study scoring mechanism
Score
5 4 3 2 1 0
Criteria
Frequgnt Connected Served by Isolated
connections| by many | Connects to
d . few local route, few | Completely
Accessibility 1o towns, roadsto | main towns, roads and road isolated
services, several facilities or .
connects to| connections route
roads and | towns, some roads ) .
i few villages | or villages
PT services
Fully On quiet On quiet | On National
Fully Some local roads, .
separated : , local roads, | or Regional
separated, | separation | but with few
Safety greenway - . . many unsafe roads, too
. proximity to and few junctions, . .
with safe . . . junctions, narrow for
. ; roads orrail| junctions adequate
junctions width narrow cycleways
Traffic-free, : Low traffic, | Low traffic, Medium- On-road,
; Traffic-free, .
many points several though traffic, poor heavy
User . lower : !
experience of interest, comfort or points of lower comfort, e.g.| traffic, no
P views or | : interest, comfort exposure to| points of
ess scenic o !
route theme landscape levels emissions interest
. ExceII(_ent, On-road Sign-posted Acceptable
Excellent: but with Good . cycle design
. route with on-road )
separated, some potential for not possible,
. . o some route, no
Design wide, flat specific on-road or . . e.g. very
. potential for | potential for
route, good design off-road ) . steep
= sepation or | separation ;
facilities challenges,| cycleway . . gradient or
. calming or calming
e.g. bridges motorway
. Asphalt Asphalt
No negative Low EC, surface
. Low EC and ; surface I
impact on . potential for (large EC), | Prohibitive
. low impact : (large EC), : .
Environment environment on flooding or low impact vegetation | impact on
incl. : impact on P clearance, | designated
' designated : on . A
designated ) designated . impacts sites
; sites . designated ;
sites sites ; designated
sites A
sites
Low cost,
state lands,| Low cost, Low cost, Medium High cost,
high tourism| medium low tourism cost, low | low tourism I
. ; . Prohibitive
Economy potential tourism and and tourism and and cost
and local recreation recreation recreation recreation
recreation potential potential potential potential
potential

A description of each route option and the the iappbn of Table 9.3 is provided in
Appendix 4, while brief summaries are included ime tfollowing sections.
Throughout the case study, drawing numbers retatkdse in Appendix 5. The pdfs
have been layered so that when viewing the mapsalliyjgin Adobe Reader it is
possible to turn on and off each layer (as showhenegend) for clarity.
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9.2.2 Study Area

The Study Area was generated by implementing theviong basic criteria (derived
from the NCN Scoping Study, Failte Ireland markesearch and Chapter 5
findings):

(i) Link Mullingar to Athlone, Athlone to Ballinaslo®&allinasloe to Oranmore

via Loughrea and/or Athenry

(ii) Inclusion of viable existing infrastructure, e.gads, rail

(ii)Inclusion of points of interest, e.g. histoai¢ cultural

(iv) Inclusion of major natural features, e.g. riveakds, hills
Figure 9.1 shows the chosen study area (in red)Ptiblin-Clifden NCN corridor (5
km buffer in black) and the major towns along tbate. Also see Drawing 1 for a
larger context map of the study area.

Figure 9.1 - Dublin to Clifden NCN corridor and @study area

The northern and southern boundaries of each sewtere defined primarily by
reference to the major natural and artificial coaists (see Section 9.3). The
northern boundary stretches from the banks of LdDglel outside Mullingar to the
Lough Rea near Athlone (where it crosses the R8l&nnon) and remains north of
the active railway to Galway City, incorporatingh&nry. The southern boundary
starts at the banks of Lough Ennell, encompassiiaga@Bog through Co. Offaly,
crosses the River Shannon at Shannonbridge todedmaM railways and the River
Suck, remaining sufficiently south to incorporateughrea town and Lough Rea
before reaching Galway Bay. The total size of thely area is 1988 ki The area
has been subdivided into three sections to simg@ifplysis of the route options
(Table 5.1) and maps of the three sections cariedfin Drawings 2-4. While the
study area is centred on NCNO2 (Dublin to Clifden)s intersected by three other
NCN corridors: NCNO8 (Galway to Tralee) in OranmoMCN11 (Limerick to
Carrick-on-Shannon) in Athlone and NCN12 (AthlomeQarlow) in Moate - see
Drawing 5.
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Table 9.4 - Study area sections

Section Length (km)* Area (km?)
A. Mullingar-Athlone 41.5 862
B. Athlone-Ballinasloe 21.1 424
C. Ballinasloe-Oranmore 47.9 702
Total 111.5 1988

*Straight line distance

9.3 Route Selection

9.3.1 Section A: Mullingar-Athlone

Section A is the largest of the three sectionssretches from Mullingar to Athlone
in Co. Westmeath to the border with Co. Roscomna@ostraight-line distance of
41.6 km and an area of 862 knirhe majority of Section A is located in Co.
Westmeath. The section also includes parts of @omgtord (to Ballymahon) and

Co. Offaly (to Clara). The section begins at Oliunkett St. in Mullingar, passes
through Moate (to connect to NCN12) and ends atiohth Castle, allowing for

connections to NCN11.

Opportunities and constraints

Natural

Natural opportunities and constraints have beetiqaldn Drawing 6. The main bog
is 6 km east of Ballymahon (Co. Longford) and taegést woodland is Ballymahon
forest (1698 ha). There are two nature reservema@og (460 ha) and Scragh Bog
(16 ha). Designated sites which include water mdseich as lakes Owel, Ennell,
Ree, the River Shannon and the Royal Canal. Thagtaphy is relatively flat other
than some small hills outside Mullingar. These destdo not present any major
constraints for route selection. The major SACghe area (Lough Owel, Lough
Ennell, Lough Rea and Clara Bog) may provide anodppity for route ambience,
while Ballymahon Forest may be suitable for a trawvey route.

Artificial

Artificial opportunities and constraints are shoinrDrawing 7. There are two main
towns in the section, Mullingar (19,770 populatiersee Drawing 8) and Athlone
(17,544 — see Drawing 9) with some smaller villagasch as Clara (3,001) and
Moate (1,888), between. The key points of inteegst Belvedere House (158,500
annual visitors), Locke’s Distillery (39,500) anduMngar Pewter (10,500). The M6
motorway runs at the southern end of the study, amaresenting a significant
constraint, and there are many local roads. Thege dense collection of Recorded
Monuments and Places (RMPs), including hundredsstbric monuments. There is
some cycling infrastructure, including the Tain il r&ullingar cycle loops and the

recently developed greenway on the towpath of tloeyaR Canal. The closed

Mullingar-Athlone Railway runs along the southemmdeof the section and is the
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major opportunity for route development. The raivis45 km long, opened in 1851
and closed in 1987, with stations in Mullingar, Nand Athlone. As the track has
been closed for a relatively short period (25 ygarsost structures may remain in
good condition. An abandoned railway exists betw@kma and Horseleap.

External Parameters

Westmeath County Council has been to the fore wéldping cycling infrastructure
and local and regional plans include several pmhoy policies, including
investigating the use of the disused Mullingar-Atie railway as a cycleway. The
promotion of cycling forms part of the Midlands Retal Planning Guidelines and
the Offaly, Roscommon and Westmeath County DevetyrRlans. The towns of
Mullingar, Athlone and Tullamore are defined asnkéd gateway in the National
Spatial Strategy (DoEHLG, 2001), working in parstep to promote economic and
social development. Westmeath CoCo was previouslytgd funding for upgrades
of the Royal Canal towpath and Offaly CoCo was aedrfunding for an on-road
cycleway on the R420 (old N80) from Tullamore to &t Other national policies,
laws and standards also apply.

Route options

Based on the opportunities and constraints, sixeraptions (Table 9.5) were
identified, analysed and plotted in Drawings 10-IT&e framework for greenway
planning and design, developed in this thesis, thhaa applied to score each route
option and to yield a preferred route. Each ofdixeoptions and scores received are
discussed in more detail in Appendix 4.

Table 9.5 - Section A route options

Route option | Description Drawing
Al Disused Mullingar-Athlone Railway 10
A2 Local Roads (Téin Trail) 11
A3 Regional Road (R390) 12
A4 Regional & National Roads (R392/N55 13
A5 Local Roads (close to railway) 14
A6 Local Roads (north of railway) 15

Preferred route

The scores for each route option have been talolilate

Table 9.6. Route Al (disused Mullingar-Athlone waily) has been selected as the
clear preferred route and a series of photos areiged in Drawing 16. This route
would comply with international greenway users’fprences for a traffic-free, well-
separated route. Two potential disadvantages arestrmtion cost and
environmental impact. At a construction cost of &080 per kilometre (see Section
2.6.4), this 45.4 km section has an estimated pageof €5.9 million. Using the
average spend per greenway user from Chapter 7 tardyear pay-back period, the
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break-even point for the route is 12,826 overnigbérs per year or 42,143 day-
trippers. Applying the results of Chapter 6, thealttcarbon footprint of the greenway
is estimated to be 2724 tG& requiring 941people to shift a 5 km commutefor 1
years from driving a car to cycling to offset thesel of carbon.

Table 9.6 — Section A summary

Category Al A2 A3 A4 A5 A6
Accessibility 4 4 2 3 3 2
Safety 5 1 0 0 2 1
User experienct 5 1 1 0 2 1
Design 4 2 1 1 2 2
Environment 2 4 4 4 4 4
Economy 4 3 3 2 3 3
Total 24 15 11 10 16 13

9.3.2 Section B: Athlone-Ballinasloe

Section B is the smallest of the three sectionthefstudy area, yet has perhaps the
most diverse range of opportunities, constraintd esute options. This section
covers the area between Athlone (Co. Westmeath)Batlhasloe (Co. Galway),
with the majority of the area in Co. Roscommon.ti®ecB covers a distance of 21.1
km and an area of 424 KmThe section begins at Athlone Castle and finisites
Main St. in Ballinasloe

Opportunities and constraints

Natural

Natural opportunities and constraints are plottedrawing 17. The topography in
the section is relatively flat and there are tweers, the Shannon and the Suck.
There is extensive bogland in this area, whichesgnts the major constraint and
specific design challenges for cycling routes. Al&give methods of construction
such as floating roads and boardwalks could bestiya&ted for construction on this
bogland (as well as BnaM railways). There are samall forests, including in
Larkfield Bog outside Athlone. There is one natuegserve, Mongan Bog (119 ha)
and designated sites comprise several of the bogghe callows of both rivers —
which may be suitable opportunities for adjacentes.

Atrtificial

Artificial opportunities and constraints are shownDrawing 18. The two main
towns in the area are Athlone (17,544 populatior Ballinasloe (6,449 — Drawing
19). Clonmacnoise, a"6Century monastery, is the largest tourist attcecin the
midlands (144,500 annual visitors), located betwé#mone and Shannonbridge.
Other points of interest include Derryglad Folk Mus near Athlone (5,000). There
are fewer RMPs in this section, though they stihrer in the hundreds, clustered
around Clonmacnoise and Athlone. The main artificanstraint is the M6

160



motorway. Opportunities exist in the active railwagord na Moéna industrial

railways (Figure 9.2) and local roads. Existing Iy infrastructure includes the
Tain Trail and a planned greenway in Ballinaslamglthe banks of the River Suck
from Main Street to Station Road, parallel to Stcktreet and Sarsfield Road.

Figure 9.2 - Bord na Ména industrial railways (Ral2010)

External Parameters

At present, Galway County Council, Roscommon Cou@tyncil and Athlone
Town Council are involved in the design of variongling routes. This includes
investigating the use of the hard-shoulders ofRH46 as a cycling route, as well as
improving cycling infrastructure in Ballinasloe. &lpromotion of cycling forms part
of the Midlands and Western Regional Planning Ginde and the Galway,
Roscommon and Westmeath County Development Platiger @ational policies,
laws and standards also apply.

Route options

Based on the opportunities and constraints, sewate roptions (Table 9.7) were
identified, analysed and plotted in Drawings 20-86.for Section A, the planning
and design framework was applied to score eacle raption.

Table 9.7 - Section B route options

Route option | Description Drawing
Bl Active railway 20
B2 Local Roads (Tain Trail North) 21
B3 Local Roads (Tain Trail South) 22
B4 Old N6 (R446) 23
B5 Regional Roads (R446, R444, R357 24
B6 Local Roads & BnaM Railway 25
B7 Local Roads & R357 26

Preferred route

The scores for each route option have been taluiatéable 9.8. Route B1 (active

railway) has been selected as the preferred rowdeaaseries of photos are provided
in Drawing 27.The selection of the route was notlaar-cut as in Section A — three
points, rather than eight, separated the routeongtiThere are many challenges
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facing the active rail-based route (rail-with-tjaiincluding the impact of passing
trains on the user experience, design and investraguoired to ensure safety, design
and potential alternative routing required at beslgsolation of the route in sections
and, most importantly, consultation with larnrédeginn (Irish Rail) to secure land
adjacent to the corridor. These challenges araigissa in the conclusion. Following
a more detailed planning and consultation prodessay become evident that route
options on quiet local roads close to the Riverrfdloa (potentially involving BnaM
railways, e.g. route option B6) are preferable. wigh Section A, two other
disadvantages of a greenway-standard route areandstarbon footprint. Using the
same method as the previous section, the costimsated to be €2.9 million with a
break-even point of 5,652 overnight users per ge&0,714 daytrippers. The carbon
footprint is estimated to be 1356 t@%) requiring a modal shift of 460 drivers to
cycling.

Table 9.8 - Section B summary

Category Bl B2 B3 B4 B5 B6 B7
Accessibility 3 3 3 3 4 4 3
Safety 4 2 2 1 0 2 2
User experienc¢ 4 2 3 1 1 3 1
Design 4 2 2 2 2 2 2
Environment 2 4 2 4 3 2 4
Economy 3 3 4 2 3 4 3
Total 20 16 16 13 13 17 15

9.3.3 Section C: Ballinasloe-Oranmore

This is the second largest section of the studw,atl@ough there is the smallest
variety of opportunities and constraints. SectionisCentirely contained in east
County Galway, covers a distance of 47.9 km anadraa of 702 krh The section
starts at Main St. in Ballinasloe and finishes aiSt. in Oranmore.

Opportunities and constraints

Natural

Natural opportunities and constraints are plotte@iawing 28. There are no major
natural constraints and the topography is reasgrftdil The Dunkellin River is the
only river of any significant length and Lough R@&6 ha) and Rahasane Turlough
are the only large designated sites. There are rear@l forests and small areas of
bogland in the east of the study area. There amgahare reserves or national parks.
Lough Rea could represent an opportunity for aileisoute near Loughrea town.

Atrtificial

Artificial opportunities and constraints are givierDrawing 29. There are four main
towns in the study area: Ballinasloe (6,449 popargt Loughrea (4,532), Oranmore
(3,513) and Athenry (3,205). The key decision to rhade is the inclusion of
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Loughrea and/or Athenry. Each town is popular widtreational visitors from
Galway City and the surrounding area and tourisaetions such as Athenry Castle
(9,000 annual visitors) and Lough Rea are alsogmteg®\ughrim battle site is also an
important point of interest located and is locaigst outside Ballinasloe. There are
hundreds of RMPs in the area, clustered around lu@agand Athenry. The main
constraint in this section is the M6 motorway. TR&46 (former N6) runs from
Ballinasloe, through Loughrea, to Oranmore. Thevadbalway-Dublin railway runs
along the northern boundary of the study area, evtfilere is a closed railway
between Athenry and Tuam and an abandoned railveween Loughrea and
Attymon — all three representing opportunitiesdgcle route development.

External

Galway County Council is involved in the designuaner of cycling routes. These
include investigating the use of the hard-shouldéithe R446 as a cycling route, as
well as cycling infrastructure in Ballinasloe, Lduga and Athenry. The promotion
of cycling forms part of the Western Regional PiagnGuidelines and the Galway
County Development Plan. Other national policiasid and standards also apply.

Route options

Based on the opportunities and constraints, sixeraptions (Table 9.9) were
identified, analysed and plotted in Drawings 30-38. in previous sections, the
planning and design framework was applied to seadh route option.

Table 9.9 - Section C route options

Route option | Description Drawing
C1 Active Railway 30
C2 Old N6 (R446) 31
C3 Local Roads (Loughrea & Athenry) 32
C4 Regional Roads (R446, R349, R348) 33
C5 Local Roads (Loughrea) 34
C6 Local Roads (Athenry) 35

Preferred route

The scores for each route option have been taloliat€able 9.10. Route C1 (active
railway) has been selected as the preferred rowdeaaseries of photos are provided
in Drawing 36. The route options other than C1l\aey similar. The main issues
related to a connection to Loughrea and/or Atheang the use of local or regional
roads. Unlike Section B, there was no major touatstaction or river to influence
the route selection. As outlined for Section B, #utive railway appears to be the
only viable corridor on which to provide an off-tbeoute (without land acquisition)
and this entails a number of challenges — whichdaeussed in the next section. As
stated in Section A and B, this level of constmetcan entail large financial and
carbon costs. The cost of this section is estimaieoe €6.6 million with a break-
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even point of 14,348 overnight users per year g4 daytrippers. The carbon
footprint is estimated to be 3042 tg) requiring a modal shift of 1032 drivers to
cycling.

Table 9.10 - Section C summary

Category Cil C2 C3 C4 C5 C6
Accessibility 3 4 4 4 3 3
Safety 4 2 2 2 2 2
User experienc¢ 4 1 1 1 1 1
Design 4 2 2 2 2 2
Environment 2 4 4 4 4 4
Economy 3 2 3 3 3 3
Total 20 15 16 16 15 15

9.4 Discussion

9.4.1 Preferred route analysis

The preferred route is analysed under the headuigsach of the six criteria,

drawing on the findings of previous chapters ancdCAB/ROD’s reports:

1. Accessibility. The full route between Athlone and Oranmore i9 kin long,
representing a reasonably direct route due to ffeeai a disused railway (rail
trail) and an active railway (rail-with-trail) (s&rawing 37). The route connects
to each of the main corridor towns as identifiedtiie NCN Scoping Study:
Mullingar, Athlone, Ballinasloe and Oranmore;it w&n necessary to include
Athenry rather than Loughrea in order to maintainoéf-road route. Although
the route is isolated in parts due to the use ibiag lines, it is served by many
local roads with the potential for off-shoot busiseand spurs to other locations
in the future.

2. Safety. The main safety concerns highlighted in Chaptewdre due to
interaction with motorised traffic and this greathfluenced the selection of an
off-road route (which is also connected to useregigmce and design). Such an
off-road design has the potential to confer addaimerceived safety benefits for
women, children and older people. Neverthelesgfehdesign along the active
railway will be required to ensure safety as wslbaroad junctions. Road-based
routes were suggested as alternatives to a grelehdreenway, including the
R446 and quiet local roads. As discussed in théeroptions, these alternatives
could pose major safety risks, as well as comprimgisuser experience.
Furthermore, the vast majority of these road optisould not comply with
NRA standards, the NCM or EuroVelo guidelines omblasis of traffic volumes,
speeds and available widths. In this desk studwai$ not possible to go into
further detail on this point due to the lack of igadale data — dedicated traffic
monitoring would be required.
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3. Design The selection of disused and active rail wilk, flle most part, allow for
the development of a greenway which meets the degsigferences outlined in
Chapter 5. Although restrictions along the actiedl corridor (especially at
bridges) remains a challenge, there appears toffieient space available at the
southern side of the railway for appropriate gremypwlevelopment. Also, by
locating the route adjacent to the railway, isssisounding farm division can
be avoided. AECOM/Roughan O’Donovan highlighteds tiféact, though the
consultants ultimately preferred green-field depeld greenways along the
southern boundaries of each study area sectionkgbah River Shannon in
Section B and through Loughrea and Clarinbridg&éattion C). These routes
would be preferable for reasons of design quality aser experience, but are not
currently viable due to opposition by landownersl @onsequent deliverability
concerns. Furthermore, costs would be substantibliyher due to land
acquisition. The use of active rail, though not aiderepresents the only
alternative off-road option to green-field develggrh and land acquisition,
particularly between Oranmore and Ballinasloe. Anr@ad route should be
considered a ‘Do-Nothing’ option (except sign-pogti road marking and
minimal safety measures), while an on-road cyclewaydvisory cycle lanes
would constitute ‘Do-Minimum’ (see Section 2.8.2).

4. User experience The Mullingar to Athlone disused railway has fiwential to
offer a world class walking and cycling experienespecially if continued east
to Dublin and west to Galway. The active rail seasi, while delivering an off-
road experience, will not be as attractive. Theeeapproximately 8 services on
the Galway-Dublin railway in each direction eachy.d&Vithout private land
acquisition, this appears to be the only optionyteld a traffic-free, well-
separated route. However, there are a number d€obgas that would need to be
overcome to deliver this route and maximise us@edrnce: consultation with
larnrod Eireann (Irish Rail), particularly regardiravailability of land, the
condition of bridge structures and possibility df@ning structures, underpasses
or alternative routes. Regarding landscape andesgethe landscape consultant
hired by AECOM/Roughan O’Donovan found better viemesar the southern
boundaries of study area Sections B and C, especilating to the River
Shannon. However, is was necessary to trade-offvésat landscape (and
tourism) and segregation.

5. Environment. A key feature of greenway analysis which has hesglected is
the  environmental impact of these routes. AECOM/MRaun
O’Donovanconsidered this impact from the converglo&lS approach by
examining the impact on designated sites. A coutidin of this research is to
add a dimension on embodied carbon and the poténtiaarbon offset through
modal shift. The total embodied carbon of the pref# route was calculated to
be 7,122 tC@e, requiring 2433 commuters to stop driving andt stgcling for at
least 10 km each working day over the course ofytears. As discussed in
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Chapter 6, this is a major challenge for rural gvemys that are orientated
towards tourism and recreation rather than utiétartrips and modal shift.

Questions remain on whether using a greenway ssithisone could encourage
everyday cycling and whether modal shift initiagv&ould be confined to urban
areas.

6. Economy. Using the estimated construction cost of €130880kilometre for a
railway-based greenway, the total cost of the roste€1l5.4 million. It is
important to note that this excludes many othetscagmuch as land acquisition,
services, maintenance, design etc. The use ofimxishil corridors has the
potential to substantially reduce cost, e.g. thaneded cost of a mostly green-
field greenway between Galway and Dublin was egeohdo be €82.6 million,
mostly due to land acquisition costs — Section19.Drawing on the results of
Chapter 7, 32,826 overnight users or 110,000 dppédrs would be required to
use the greenway each year to offset these costs aven year period. This
compares favourably with GWG usage and the Faiftiahd (2013) estimate of
35,600 annual visitors from selected countries urole, accruing annual
economic benefits of €13.4 million.

9.4.2 Proposed alternatives

The proposed alternatives to green-field develofnias proposed by a range of
stakeholders) were: Coillte woodland, BnaM boglaaxdtive rail, R446 (old N6) and
quiet local roads (Section 9.1.2). Road-based optltave been discussed in depth
through the route selection process (and in eas aa off-road route was selected),
however, it is worthwhile to further examine whetlteere are possible routes
through Coillte and BnM land as these are stateeswholdings. Figure 9.3 and
Figure 9.4 show the natural opportunities and caids in Sections B and C,
respectively. BnaM bogland is shown in hatched loro@oillte woodland in solid
green and designated sites in hatched green (¢dhsawings 17 and 28).

For Section B, it would appear possible to weavef&noad route along the eastern
bank of the River Shannon (SAC), however, this eowbuld still require private
land acquisition between bogs, permission from Br@@Muse land and railways),
develop a design solution over the bogland, avoig actively harvested bog and
active railway, cross the River Shannon at Shanndgé, BnaM railway or a new
crossing and then get to Ballinasloe. AECOM/Roug@dbonovan note that BnaM
have concerns about cyclists using long distanteperational bogs (dust pollution
in peat harvesting etc.) and deemed these routetorize practical. Nevertheless,
this option deserves further consideration alonidp Wie consultants’ preferred route
on the western bank of the River Shannon, whichndidexperience the same extent
of landowner opposition as Section C.
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Figure 9.3 - Natural opportunities and constraiimsSection B (based on Drawing 17)

Turning to Section C, there is simply insufficigboillte and BnaM land to develop
any corridor from Ballinasloe to Oranmore/GalwayyGt as clearly shown in Figure
8.4. Caoillte land is generally concentrated in sleith of County Galway and BnaM
land is generally further to the east in Counti@sd®mmon and Offaly. The only
existing corridors in this area are roads or thevaaailway — any other corridor

would require land acquisition and is likely to atwe farm division. As stated

previously, a well-separated greenway (i.e. awaynfroads and active rail) would
represent a better solution, but is circumscribgdhdtural constraints and external
parameters. It is therefore recommended that aitifeorcontinue to engage with
stakeholders, such as landowners, while serioushsidering a route along the
active railway, starting by consulting with larnréireann and commissioning a
survey of the railway structures and potential siser

Figure 9.4 - Natural opportunities and constraiimsSection C (based on Drawing 28)
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9.4.3 Method review

The method adopted in this case study was neclhssmdad for a number of
reasons, which constitute limitations of the reslear

1.

This is a desk study. It was not possible to camuy extensive site visits or
surveysto examine local conditions (e.g. structumldiversity, usage, economic
impact). This lack of local data prevented the fafiplication of empirical
findings from other chapters, e.g. specific desigmeferences, categorised
economic impact.

The study was limited by space and time. A detadledly of the entire corridor
would run to several hundred pages and take seyeaas to complete. This case
study set different objectives to a full route sélen and design.

The conclusion of Chapter 5 cautioned against arlgguantitative approach,
which may fail to consider varying local conditignghe importance of
engagement and an allowance for engineering judgeme

From point 3, extensive engagement is vital indbeelopment of national cycle
routes and greenways in particular. This was detratesl in the influential
opposition posed by landowners who pointed to k ¢daconsultation as a major
grievance. Furthermore, this study indicates thdewiange of stakeholders
involved, including large state bodies such as B@mdo6na, Coillte and larnréd
Eireann. It was not possible to engage these stéttets at a route level for the
purposes of this study.

Bearing these limitations in mind, the method adted in this case study appears to
have merit and indeed influenced consultants’ agghp selected a potential route
and provided further analysis. The identificatioh route options by studying
opportunities and constraints in a fundamentallyedent approach to road route
selection was particularly innovative. However,should be noted that in each
section an off-road route option was selected &s dharacteristic was somewhat
subjectively emphasised in the scoring mechanismmére detailed scoring
mechanism, which facilitates the input of localajatould better encorporate the
findings of previous empirical chapters. Furthereyatue to a lack of research on
two elements of the planning and design framewaskcéssibility and user
experience), these elements of the scoring meamawisre influenced to a greater
degree by qualitative responses.

Further research on route selection methods cquptlya@ more quantitative scoring
approach by, for example, gathering local dataailouate potential economic and
environmental impact, examine safety at junctiggdential usage rates, costs, map
access to local services in detail, interview lamaders, hold community workshops
on route options etc. These data, combined withntle¢hods and results of the
empirical chapters of this thesis, could then yieldmore nuanced scoring
mechanism for route options. Furthermore, theraraportant lessons to be learned
from the ‘pausing’ of the Galway to Dublin Greenwayd an analysis of the actors,
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institutions and motivations involved (includingcamparative study with similar
routes) would represent a good start for the futieeelopment of greenways, not
only as part of the Irish NCN, but internationally.

9.5 Conclusions

The contributions of this case study to the thasi the broader field are:

1. The application of a general multi-criteria appioao greenway and cycle
planning, suggesting alternative criteria and piimg empirical data for
engineering consultants, local authorities andomati planning organisations.
Although comparisons between the case study and ABEOM/Roughan
O’Donovan reports are limited due to terms of refee, it is envisaged that the
incorporation of these findings could add to futwoeite selection schemes,
thereby informing the future direction of the IriddCN and international
greenway and cycle networks.

2. The demonstration of specific principles, methodsl éheadline empirical
findings of other chapters, in particular: the impace of segregation and
separation for safety, user experience and desigityg the importance of
access and connections to towns, attractions arviceg; potential economic
impact relating to tourism and recreation; and eddxb carbon and potential for
carbon offsets through modal shift to cycling.

3. The identification of alternative route options ftire Oranmore to Athlone
section of the Galway to Dublin Greenway which cobk further investigated
while the route is‘paused’. Progress on this saectie vital if the Irish
government is serious about delivering a connectetivork of world-class
greenways, starting with this ‘flagship’.
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10 Conclusions

10.1 Introduction

The promotion of cycling has gained considerabiendéion in academia, policy and
practice as an alternative mode to private caetravva time of environmental crisis.
The distinct characteristics of cycling, includingpvement by personal effort and
exposure to risk, mean that this mode of traveuireg dedicated planning and
design; provision should not simply be tacked-omaad schemes. In fact, conflict
with motorised vehicles and resulting concerns $afety remain the primary

impediments to increasing cycling and harnessisgvitle-ranging benefits. It is in

this context that many authors point to segregaté@structure for cycling as a
solution, drawing on examples from ‘high cyclingountries such as the
Netherlands, Denmark and Germany. Yet, in the desigledicated infrastructure, it
must be recognised that cyclists represent a divgnsup and that a ‘one size fits all’
approach is insufficient. Furthermore, this allomatof space raises fundamental
guestions for transport planning, including thetailment of motorised traffic on

existing infrastructure, land acquisition for greeid development and the role of
the bicycle in future urban and rural planning.

These are running themes throughout the wider myalesearch field and manifest
in this thesis in the context of greenways. Gregrsanaxre fast becoming features of
the landscape across the world as traffic-freeidars for active travel. While
greenways have received some academic attentiothanfields of landscape
architecture and ecology, the study of their usecf@ling remains underdeveloped
despite major projects in Europe and further afie@reenway cyclists are
themselves a diverse group, encompassing touretsgationalists and commuters,
with varying requirements and preferences. Greesvedgo raise complex questions
related to space and this is shown in campaignstifer conversion of disused
railways and for other route opportunities. Theieevof the greenway and broader
off-road cycling literature highlighted the needr foew methods for greenway
planning and design to account for these complesigdeissues and to focus on
safety, environment and economy as particular prokdreas.

To this end, this thesis employed methods and itteas a range of disciplines and
distilled this information into practical guidandéer the transport engineering and
planning field. The thesis is structured as foupgimal chapters (reflecting focus on
safety, design, environment and economy), an inkdepview of a burgeoning
greenway/cycle network and a case study of a lasigiice greenway. This involved
three distinct data collection techniques (mentabpping cycling survey,
international greenway survey and a carbon invgntdrgreenway materials) and
applied five forms of analysis (generalised lineaixed modelling, logistic
regression, qualitative analysis, life cycle analgd travel cost modelling).
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The research then drew on concrete examples frelanll for three main reasons:

1. Greenways were given (rapid) priority in Irish aygolicy and provision. Partly
inspired by the success of the Great Western Gragnwhere have been
widespread calls for greenway development by conitiesn user groups and
local authorities. Greenways, in a sense, becanee symbol of cycling
resurgence, rural development and tourism, andethbryonic National Cycle
Network was reorientated to facilitate extensiveegiway construction.

2. From above, greenways in Ireland started to recexgensive government
investment. Despite low levels of capital spendsignificant funds now became
available for planning a new form of infrastructdog the country. More than
€30 million funding has been provided in the pase fyears and there is a
government commitment for a further €100 milliorhi§ investment has been
predicated on demonstrating value-for-money centoed the potential for
tourism revenue.

3. Greenways in Ireland have encountered many planait design challenges
along the way — which may be related to their rgmgularisation and lack of
research to date. Routes have been challengedvinoremental, safety and user
experience grounds, resulting in prolonged An BBitdanala planning cases.
More worryingly, the flagship greenway has beenufmd’ due to serious
opposition by landowners and public representatives

While some elements of these three points are entigihe Irish case (and required

detailed analysis), the broader issues are ingeatf those facing international

greenways. Indeed, most of the greenways developé&eland to date are located
within two EuroVelo corridors. In general, it iswesaged that the methods and
findings of this research make valuable contrimgimot only to the direction of

Irish greenways, but to the wider greenway, cydé @ansport planning fields.

10.2 Contributions to research

Perceived cycling risk
This first empirical chapter established the bé&sisvhat followed in the thesis by:
(a) applying a novel method to cycle planning, ¢bhsidering dual issues of user
characteristics and infrastructure, and (c) conolmdon the importance of
segregation from motorised traffic. This study itweal a highly novel combination
of mental mapping, map-matching and logistic regjmsmodelling and was applied
to Galway City in Ireland.
The mental maps of n = 104 cyclists in Galway Clitgland) yielded n = 484
perceived risk observations and these were matchédcGIS to road data
extracted from a transport infrastructure inventory
Preliminary analysis suggested alignment betweeweped risk and the
actual locations of cycling collisions.
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Sophisticated statistical modelling was requiredinpack the infrastructural
and individual determinants of perceived cyclingkrand this was achieved
using a generalised linear mixed model.

Significant infrastructural characteristics wergregation, road width and
the volume ofmotorised traffic, while the gendedarycling experienceof
the cyclist was also significant.

These findings contribute to the growing literatore cycling safety (which

generally focuses on infrastructural issues alomedl encourage further
methodological development. Moreover, the resuttsntpto the potential

importance of segregated cycling infrastructure #red added benefits that
these environments can present for women and imexped cyclists.

Greenway preferences

Greenways, a particular form of segregated cyadliigastructure, have the potential
to capture these safety benefits while also reptesg effective resources for
economy and environment, yet have received a ldclatention beyond the
individual route level.

This section of the research launched an internakigreenway survey,
believed to be the first of its kind, which recalve,002 responses from over
20 countries.

An initial qualitative analysis of these responsgghlighted the variety of
functions that greenways serve, the role of usaratteristics, and priority
themes for planning and design.

More detailed preferences for design charactesigsarface, gradient, width,
junctions), facilities (resting areas, food & drjnknd other preferences
(segregation, parking) were then quantified andmaned with best-practice.
Continuing a user-oriented design perspective, gistic regression model
determined the impact of user characteristics @igdepreferences such as
surface material, finding that cyclists, commutarsl older people prefer
asphalt.

Finally, drawing on two prominent sets of plannaegign criteria, CROW
(2007) and NRA (2011), survey results were digtilieto a new framework
for the planning and design of greenways, compgisaccessibility, safety,
user experience, design, environment and economy.

Greenway embodied carbon

Greenways have the potential to be corridors fomdms and wildlife alike,
encompassing a vast array of environmental ben&fé while greenway usage can
reduce the alarmingly high carbon emissions oftthasport sector, the embodied
carbon of greenway construction has never beenadenesl.

This chapter promotes a unique approach to cyaleerplanning and design,
whereby the ‘carbon costs’ of construction are heda by the ‘carbon
savings’ of modal shift from driving to cycling.
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The first step in this approach was to measuresthibodied carbon of a case
study greenway (GWG) using life cycle assessment.

Considering embodied carbon due to materials, cectsdn machinery,
transport of materials and removal of vegetatioth p@at, this was calculated
to be 67.6 tCO2e/km (or 42.2 tCO2e/km excludingléinge capping layer).

In this case, a cycling modal shift of 115 commsper year (253,000 PKT,
134 gCO2e per PKT) would required to ‘balance’ dfset the carbon
footprint ofone 10 km asphalt greenway (over20 yéarcycle).

Interestingly, the fact that the asphalt surfacimgs responsible for the
majority of the embodied carbon shows the trade-b#ftween user
preferences and environmental impact.

A set of recommendations were made for the minitiisaof environmental
impact of greenways at the planning and desigrestag

Greenway spending and value
Greenways are generally framed in the contextewfigm (bringing spending to an
area) and recreation (a resource for communitiegwever, neither of these
contexts has been thoroughly studied which is wingy given the costs of
greenways, investment to date and the policy ingmeet of demonstrating value for
money.
Building on the international greenway survey resuhe average spend on a
greenway was calculated to be €18 for a day-trigyet €63 per night for
overnight users; accommodation and food & drinkoaot for the largest
proportions of this spend.
Focusing explicitly on the GWG, average user sgaarchight was calculated
to be €51, confirming earlier findings of econormansultants and justifying
the attention given to the GWG as a ‘demonstratarte in Irish government
policy.
A Travel Cost Model (recreational demand method$ ween built in SPSS
to measure the recreational value of greenwayghtfirst time. Such is the
demand for greenway recreation that 83% (or €7 Aptal ‘willingness-to-
pay’ is retained by the user as consumer surplus.
However, most users are opposed to paying diréatlgreenway access and
any return on exchequer investment is thereforel\liko be indirect, e.g.
spending in the local economy.

Irish National Cycle Network and greenway case wtud

As described in Section 10.1, the Irish NCN andcegveays have developed rapidly,

yet not one academic publication has revieweddbiselopment.
This thesis thoroughly examined the evolution @f plolicy, planning criteria
and design guidance underpinning the NCN and afsetcommendations
were made regarding user engagement, facility ehogeparation and
environmental impact.
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Following this was a case study of the challengiogte selection process of the
recently paused Oranmore to Mullingar section ef ftagship’ Galway to Dublin
Greenway.
This study drew on the principles, methods andifigsl from each of the
other chapters of the thesis to analyse route @ingt/opportunities, develop
route options and identify a preferred route.
This selected route was compared with the outpoimfrengineering
consultants and the alternatives proposed by aerafgtakeholder. It was
found that the multi-criteria planning and desiganiework created in earlier
chapters provided a useful mode of analysis, agjhatiwas not possible to
employ a completely quantitative approach due t high-level nature of
route selection and the need for substantial p@rigagement.

Overall, the guidance developed in these chaptetsraoughout the thesis will be a
major asset to local authorities, engineering cthascies and community groups,
assisting the planning and design of safe, enviemally-friendly, cost-efficient
and well-used greenways in Ireland and internatipna

10.3 Further research

Reflecting the findings and limitations of this easch, further research is suggested
at the greenway planning and design levels.

10.3.1 Greenway planning

This thesis has developed novel methods in thesadofasafety, environment,

economy and route selection, however, there areynadimer areas of greenway

planning which are deserving of academic attention:
User preferences and engagementMixed-methods research can better
understand greenway user preferences and, for dgathp qualitative analysis
in Chapter 5 could be expanded to use intervieaeyd groups or online tools to
engage users, stakeholders and professionalssto dket the priorities identified
in this thesis. Such an approach should recoghsa&ded for public engagement
on greenway planning to extend far beyond statutabiigations and could
develop an efficient and rewarding engagement nresim
Accessibility/connectivity was identified as one of the most important plagni
criteria, yet existing transport planning toolghis area do not adequately reflect
user preferences for a balance between accessénild isolation (or the role for
access controls etc.). Further research on acddgsiand connectivity is
therefore needed to inform planning guidelines.
Land acquisition. Particular research attention should be paidthé¢oconcerns of
land owners and farming organisations, given tlmeportance in greenway land
acquisition and the recent challenges faced iramctl For example, questions
could be added to national farm surveys to quaihdifiyl owners’ willingness-to-
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accept for cycling access rights, route constractod/or land purchase. This
willingness-to-accept could then be related to ltssiiom Chapter 7, such as
cyclists’ willingness-to-pay, recreational valuedaoverall economic impact of
greenways.

In-depth greenway planning study A substantial contribution to the greenway
planning field would be to undertake a detailedigtaf the development of one
greenway project from pre-planning stakeholder gegeent through
construction, maintenance and monitoring. Thisytauld draw on the network
and route analyses in Chapters 8 and 9 by furtkemaing the relative roles of
engineering challenges, institutional interests aser behaviour. Outputs could
include a streamlined planning, design and constmig@rocess.

10.3.2 Greenway design

While this thesis delved into several areas of mnes design, it was necessary to

neglect many others for reasons of space and sSmpee potential areas of further

research include:
Engagement tools Related to point 1, engagement tools could besldped to
yield safe, efficient and attractive design, reigiesor maintenance. This work
could build on the problem areas highlighted in @@ba4, identifying preferred
current or potential greenway and other cyclingtesu Such tools could be
facilitated by GPS-based mobile applications aneldu® crowd-source defects
or desired links etc. Although some similar apglmas are currently available, a
dedicated greenway platform could be developed angmoted through
international cycle tourism bodies such as EuroVelo
Junction and feeder road design Chapters 4 and 5 emphasised the safety
concerns of interaction with motorised traffic amdygested particular challenges
relating to junction design. Further research cadkhtify the greenway-road
junction layouts which are safest for cyclists, ipgyparticular attention to user
profiles (e.g. users who may not be accustomedgbng in traffic). This work
could also examine feeder roads (especially urbetworks) that connect to
greenways.
Environmental impact. To reduce the embodied carbon of greenways and
cycling routes shown in Chapter 6, further reseamhid investigate alternative
surfacing options (including recycled asphalt anldber) including by adapting
the work done in this area for roads and bearingmimd the specific
requirements of cycling routes, e.g. riding comfekid resistance, low loading.
Detailed design Further greenway design studies could focus am specific
design feature at a time and apply a wide rangengfineering and scientific
methods, including observational studies, intenomsttrials and intercept
surveys.
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