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Abstract

Amongst transportation professionals there is a motivation to increase the use of active
transportation toachieve contemporary transportation engineering godlbis research
describesa yearlong GPS cycling study conducted in partnership bye thiniversity of

Waterloo andhe Region of Waterlod®ntario. Data were collectedfrom 415 selfselected

cyclists using two distinct cata collectionmechanisms Data collected fromGPS units
revealedtrip origins, destinations, amdutes the data als@ontain time stamps from which

travel speeds can be computéa online survey was administeredgatherc y c | i s4+ s 6 s o
economic informatiorand household compositionThe survey also collected responses to
guestions regarding preferendescycling infrastructure andverall satisfaction.

The trip data allow for several important conclusions. The average trip length observed in

the study wa$.96 kilometers utilitarian trips (i.e. nosrecreational) constitute 92% of the
observed trips. This sugdsghat cyclists are able to complete daily activitiE®mmuting,

shopping, etci with less overall travel than the general population. The trip data also
suggests relationships between the propensity to cycle and land use patterns. Strong positive
correlations are demonstrated between higher land use density and the number of cycling
trips; moreover, cycling trips tend to be more direct in areas with traditional neighbourhood
design. The time at which the trips were takepredominantly the am or prpeaksi
suggest t hat the cyclistsd mode choice res
reducing regional congestion. Fewer and typically shorter cycling trips were observed during
winter months, presumably as a result of less favorable climate.

Participants in the study are typilyjahigherthanaverage earners and mirror the overall
regional age distribution, although seniors and children were underrepresented. The cyclists

in the studyare predominantly male which may reflect an overall high®pensity to cycle
amongst men compared to women. Cyclistsd h
population to own fewer cars than licensed drivers which may be interpreted as a cost saving
opportunities for these householdBinally, the survg data suggests that the single largest
impediment to increased cycling is a perception of poor safety for cyclists, particularly in

terms of interactions with automobiles.
iii
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Chapter 1
INTRODUCTION

Contemporary transportation planning and engineerimgfepsionals have in many case
identified the need to achieve a greater balance between travel mGdaserns over health,
congestion and continued urban sprawl have led efforts towards increased aiospo
Demand Management (TDMwhere travel behaviouand increased transportation system
efficiencies are achieved through the promotion of improved transportation optionsis&nd

managemengnd accessibilityTransport Canad&010).

Within TDM, there has arisen an increased emphasis on promotingessityivof modes,
particularlymore sustainable (nemotorized) travel modes with less capital investments; low to
no operating cost; lower maintenance cost; decreased space consumptessed energy
efficiency; and minimal to no environmental impactThese normotorized modes, which have

long been precluded by the force of the automobile, support TDM with the creation of a balanced

multimodal transportation system.

Specifically, increased emphasis is placed on walking and cycling, as these modesmpye
role in the #iciency of transportation systems/Nalking and cycling provida bridge between
various modesas parking lots, downtowns, and othexttractiors are all dependent othe
circulation and connection of destinatidmns pedestrian andycletravel (VTPI, 2009). Many of
these environmentbat were built to cater to motorizécvelrely on nommotorized mods for
final destination arrivaandin fimproving nommotorized conditions [we can] improve access by
ot her (MIPH 20890p2).

This thesis shall presemesearch thaaims to give guidance to planners and engineers in
promoting cycling, bybuilding upondatagathered by the RegiahMunicipalityo f Wat er | o006
and Univer sity cwlihg sidytData ¢oltectidnsfforts affer m meanw better

understand cyclists, their relative motivations and obstacles to cyelind their role in the
development of a balanced transportation systdime djective of this thesiss to capturean

understandingf cyclists and cycling bgathering and analyzing data on:
1



I. Who the cyclists are, to where do they travel, and for what puspose
Il. How their household composition influelscand is influenced btheir
cycling activity,
[ll. What are motivations and obstaclebioycling;
IV. The benefits of cycling to the overall transportation system performance
V. The influence oflanduse andlanduse density on mode choice
behaviour
VI. Thestepshatcan be taken to increase the attractiversdycling within
urban formsand
VII. Futue investment, policies, education, and program implementation

strategies.

Current literature attempts to investigate cyclists and cycling from a multitude of directions.
Often, focus is placed on stdt@reference data relating to travel behavicharacteristics,
cycling demographics, perceptions of safety, level of service and infrastructure, as well as
understanding the increasingly larger mode share of cyclkgillustrated in the table below,
research and data collected on cycling are lgrdevided into two distinct categories, cyclists

and physicahetworks.

Table 1 Typical Data Collection in Contemporary Cycling Literature

Cyclist Physical Network
Age Infrastructure
Auto ownership Diversity of facilities
Physical weHlbeing Ubiquity and connectivity of network
Household composition Integration with other modes
Income Climate
Perception of safety Surface conditions and Grade
Motivations Parking and other facilities
Travel Behaviour

Existing literature haplayed avital role in understanding these factanslividually; however

there exsts a gap in the literature@here these factoere holisticallyanalyzed.



Greaterfocus isneeded on generating meaningful answers to:

1 Who are cyclists, what are their demographic profiles, what are their
travel characteristics?

TWh a't i's the potenti al Oupperbounddé on
can we aid in achieving thiswho do we target?

1 For what purposeand whatfrequency and timef day docyclingtrips occur?

1 What influences the propensity to cycle, and how?

1 How canwe better predict future cycling demands?

With this in mind, the Rdgnal Municipality of Waterloawomprised of the trtities - Waterloo,
Kitchener, and CambridgeseeChapter3 for more detailsi partnered with the University of
Waterloo tostudy cycing activity within the Region Ultimately, the studywill inform the
Re gi &ycling Master Plan. The studywas developed to bring a stronger voice and
understanding ofibycling activities within the Bgion, as well ato link statal preference data
with revealed preference dat@his studyfacilitated by the TravelVise Transportation Demand
Management Department of the Regisrthe foundation of #aresearch presented in this thesis

Data obtained by this studyere gathered by three sources of data collection (FigureThpy
include mobile GPS tracking loggers, an online administered suavelan online ondime
travel diary. Results from tis study will help shape future transportation policies regarding
cycling activities in the Region.



Regional Municipality of Waterloo
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= Transportation & Cycling Policy
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Figure 1: Data Collection Methods

Given the dat&ollected, and the results and analysis condudtegiittesis shall contribute to the
literature by expandinthe current understanding af/clists and the physical network by:
1 Gathering data on cyclistbridging existing gaps in the literatyre
1 Gatherirg stated preference datalating to obstacles to cyclindgioth in terms of
physical infrastructure and household demographics
1 Gathering revealed preference data, through global positioning systems (GPS), which
allows for the evaluation of stated preferemlatg cyclist behaviour, analysis of trip

lengths, speeds, path chqiceigins and destinations, etc.

With this increased understanding of cyclists, and their relationship with the physical
transportation network, outcomes of this work include:

1 Betterinformed decision making for the Regional Municipality of Waterloo, and other
similar municipalities on cycling investments, policies, educatigrogram
implementationetc.

1 Redued gaps in the literaturefrom the linking of demographic profiles, psical
networks, and revealed preference data together

1 Development of data collection standards

1 Formation of a Generalized Costodel, whichmay be used in the longer term to
generatearuly multi-modal mode choicenodels A generalized cosnodel consides the
variables that influence and discourage a trip by bicycle, formalized into a monetary cost

for a given trip.



This thesis is structureaksfollows. First, literature relating to cycling use examined and
presented in diterature review. Second, the study context tie Regional Municipality of
Waterloo is offered as means to better understand the environment in which the research has
taken place.Third, the study methodology @escribedand steps taken to obtain the data in this
reseach are presented-ourth, results from distributed GPS unds,well adoth the survey and
travel diary are explored, and combined together to link travel patterns and households
compositions. Fifth, using the understanding that we have of cyclistd, their behaviour, a
generalized cost model ec®nsideredo help predict and plan for future cycling demanidastly,

findings and recommendations are put forth and discussed.



Chapter 2
LITERATURE REVIEW

2.1 HISTORY OF URBAN FORM & CYCLING

Prior to the early 2B century, many cities were monocentric settlemefftsis layout(Figure 2)

was a direct result adxisting transportation optioriMller, 1995) Within this era, travel was
limited to nonmotorized modes such as walkjrand animal assisted travel (i.e. hedsawn
carriage} which encouragedntra-city travel (McNeil, 2010) | n 1 8 1ébgciped ée IIKkrepwnv
asthe Pedestrian Accelerat@micknamedHobby Horse as it did not require constant care like
live horses) was ried in German newspapess)dintroduced the world to a novel human power
transportation mode, thearly bicycle(Wilson, 2004). Due primarily to initial skepticism and
high costs, le vélocipéde became a page in history and was never widely construtsed, (W
2004). Given this and the availability of existing transportation optiotygical cities were
restricted to 30 45 minute walking distances from the core, where a concentration of activities
congregatedcreating a central business distrigt CBD (Mdller, 1995). Surrounding hese
owal ki nraltands pravided naturaksources, whickveretransported by horsecats

the corealong roads and eventualby tracks. Horsecaroperating on tracks allowed for higher
volumes (as larger biike carriages could be pulled), and enabled travel during poor weather
conditions Mdller, 1995).

| The Four Eras of Intra-Metropolitan Growth and Transportation Development |

Walking—Horsecar Era Electric Streetcar Era Recreational Automobile Era Freeway Era / Polycentric
(1800-1890) (1890- 1920) (1920 —1945) (1945 —present)

Residential Land

> Residential Land

Residential Land

Rural Land

*30- 45 minute walk * By 1920, greater metropolitan * Core decentralization. Start
from the center areaup to32kmin diameter * Startof core decentralization of bedroom communities

Muller, 1995
Figure 2 Progression of Monocentric Settlements

By the late 18009ames Starley patented the tangension method of spoking (1874), which

allowed for much lighter and largetheelsand the introduction of the highh e e | @&d nar y @



(Figure 3) (Wilson, 2004).Bui | t t o f it
leg length (reachingo about 1.5m in diametenhe

ordinary was characterized with a large front spok
wheel, decreased weight, and greater traveling sp4
(Wilson, 2004). All the same overshadowedby the

emerging (motorized streetcar the ordinaryand the
bicycle boom it created washortlived. By the end of
the 1808, motorized streetcapgermittedgreater travel

distances anéurther outward growthfollowed (Mdller, Figure 3 High-Wheeler
1995).

In the early 28 century,the introduction ofautomobiles drastically changi¢he landscape of
cities worldwide. Known as theRecreational Automobile E@agreater distancesould be
achieved, with increasegfficiency (i.e. greatesspeed, deaeased energy armbnsumption, and
increasedsafety) and decreasedravel time(Mdller, 1995) Neverthelessmid-century events
stimulated a second cycling bopmas rations imposed by World War Il created a nieed
affordable transportationThe arrival of pneumatidired, directsteering bicycles equipped with
shifting-chain geargderailleus) allowed for increased comfort and ease of use (Wilson, 2004).
Paralleled with dwer production cost@&nd advancement in productiooycling becamean
atiractive option As a result, cycling was no longer exclusively reserved for the rich, and

became available to a larger cohort of the population (Wilson, 2004).

Like the previous cycling experience, this viiane growth of cycling was also temporaray

thepost World War 1l Eradarly 1950% affordable automobiles emerged, digpiicklybecame a
necessity for commut i(Mider, 199% p.42p0unof thisrelamaeana | i z i n
private automobilespawn the start of urbatecentralizatonk nown as t he TheFr eewa
Freeway Era removegast travelboundaries, and gave wadg suburban growth. Bedroom
communities(also knoma s S u b ur b a startéd Goeappear ors tbe) outskirts of cities,

leading to the development of the polycentayout Figure4). This layout further emphasized

the need for auto traveCésello, 200).



Suburban “Centers”
.

Beltway _ _

Diametric

Original Urban Core
Freeway ~~

-~ —————

Casello, 2003
Figure 4 Polycentric City and Suburban Centers

The polycentric layout was enabled by advancements in automobile productiofwapost
growth, and increased suburban development (McNeil, 201&png with the rise of the
polycentric city, increased automobile oriented design followed, and the-upaké urban
landscapes began tsignificantly change. Norrmotorized transportation modgsuch as
bicycling and walkingywvere no longer a natural sigdfect of urban development, and had to be
planned by local officials (McNeil, 2010, p.4)Cities and communities were divided by high
volume arterial roads and freeways, and an -ex@easingdependency on automobiles left

many urban cores matted in asphalt.

More recently,government officials and planning agencies have struggled to keep pace with the
rise of the automobile, and many roads, freeways, and downtown corebdwraeflooded

with congestion.Government spending anadway infrastructure ancreased from 4.3 billion

to 7.3 billion (approximately 70% increase) frob®98 to 2005 (StatsCaR011) and congestion

has kept pace.As such,many transportatiomprofessionals havadvacated forTransportation
Demand Management (TDM) anthe promotion and development of active transportation

modes such as walking and cycling to allexitite evelgrowing impact of motorized travel



To better understand the function of TDM and active transportatian, following section
reviews past researchvith specific focus oncycling and how cycling can help shape TDM

strategies.

2.2 LITERATURE REVIEW

In aneffort to better understand the research outlined in this paper, and the role of cycling within
urban landscapes, literature review is presented.iterature has been selected primarily from
sourcesoriginatingfrom North America, as climate, behaviour, andgeptions reviewed are to
provide the foundations upon which thigesisshall build. Specifically, case studies from the
Cities of Toramto and Ottawa will be discussed and evaluatdehotos used to illustrate
infrastructure interventions in the subseufugection are open source citations retrieved from the

internet.

Current literature present&o main facets of cyclingfactors influencing the propensity to cycle

and the benefits afycling. Each of these topics is described below.

2.2.1 Factors Influencing the Propensity to Cycle

Factors that influencthe propensity to cyclarefundamentato understand as both positive and
negative influences help to shape current mode shares and cycling behaliwursview of the
literatureis divided into three distinctategorieshat help tdrameinfluencesto cycling

1. Physical attribute$ the role of infrastructure
2. Motorizedand nommotorizedinteractions
3. Travel costs

2.2.1.1 Physical Attributes 1 The role of Infrastructure

Reflected in Section 2.1 History of Urban Form & @cling, we are able tarace the

developmenbf the contemporary cityith the evolution of transportation optionsCities and
their respectivetransportation networks have in larger part been dedigm accommodate
existing travel options With the rise ofprivate motorized travel in thenid 199s, continued



outwardgrowth resulted in higher volunseon existingransportation systemand largettravel
distancesand times With vehicle stocksexpectedo increase by 2.5mes by 2030 Dargay
2002), the makeip of cities, and their physical attributes wited to adapnd existing systems
will need to be revisited.

Within the literature, the role of infrastructure has been identified as a key intervention in the
promotion of balanced sustainabldransportationsystems(Vuchic, 1999. Infrastructurehas
proven to have the ability to influence travel behaviour and increase attractiveness of
transportatbn options. Although there is no indication of a direct cawffect relationship
between infrastructure and increased modal shares of cyDiith2003) notesihigher levels of
bicycling infrastructure are positively and significantly correlated with higher rates of bicycling

c o mmu t(d.182) With consideration on @jing transportationit is important toreflect on

what infrastructure interventiondiave been shown to help increase modal shares, while
providing safe and inviting environments for cyclisténterventionsillustrated below, when
planned and implementedorrectly have the ability to influence travel behaviour, and

significantly increase thpropensity to cycle.

Cycling Interventions

Bicycle Routesbicycle routegalso known as paved shouldees¥ roads that are particularly

suitable for cycling and cyclists. Routes are appropriate
streets with low traffic speeds and volumes, and are typic
applied along lightly travelledresidential roadways, whic
require no extra construction or spéeziinfrastructure (Litman, (S5
et al., 2006 andNCDT, 2010). Routes are generally marke

with signs and in some instances with pavement markings

Bicycle Boulevardsbicycle boulevards are signed bike routes usually located osrédfic

urban and suburban streets. Typically, traffidming features|

such as speed humps amdised medians are included t
discourage motorized througraffic. These features deease
motorized traffic, and encouragecreased mobility for activ

modes such a walking and cycling (Litman, et al., 2006

10



Pucher, et al 2010). Bicycling boulevards haveriginated in European cities, however

boulevards have started to appear in Néutterica.

Bicycle Lanesbicycle lanes are a portion of the roadway designated by striping, signing, and

pavement marking for the preferential and exclusive usg

bicyclists (Pucher et al., 2010). Lanes can be bidirectio
locaed on right side of trt or either side of a roadwayg
(NCDT, 2010). Bicycles lanes are most effectivediblock and -
separate cyclists rdm overtaking vehicles (NCDT, 2010

Typical lanes vary from 1.2 to 2 meters in width.

Bicycle Boxes and Advanced Stop Lir&isycle boxe (also known as advanced stop lines) are
marked spaces at intersections where cygotiah skip queues, and wait in adavance of vehicles

at red lights. Bicycle boxes grant cyclists greater visibility

intersections, as motorized users can clearly geksts as they
wait and prepare to move through the intersec{iGity of 2
Guelph, 201Q) These boxes alsonable cyclists to safel
proceed first throughintersections which lends tcreased

safety, and decreased travel times.

SharedUse Paths:shareduse paths (also known as mixaese paths) areonrmotorized

facilities with an exclusive rightof-way that are generall

designated to accommodate tway traffic. Typically, paths

are developed in numerous locations, including; railway
utility corridors, parks, waterfronts and community tra
(AASHTO, 1999). Uses of shareuse paths include cyclists
pedegrians, and other nemotorized modes (AASHTO, 1999).

Bicycle Parking bicycle parking and stoge have b e e n the dasiophysital e d

elements needed to make extentise bicycle use f@éadfifehic, 1999 p.310).Among parking,

there existsboth longterm and sbrt-term parking Longterm parking tygally consists of
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single or multi level racks ira controlled shelteredsecued

access areas. Shaerm parkingis more readilyavailable, and
consbts of on-street racks (both shered and open) and i§
typically unsecuré. Many shoriterm facilities are accessibl Sats s
for public use, however they do not provide protection wr"\ :\ \‘,
theft or vandalisn§City of Toronto, 2008).

Connectivity and Number of Street Crossingsnnectivity and number of street crossings are

characteristis found in most routes, and play contradicta

roles. Connectivity within a route is established primirally f, &
level of comfort (or sety) and directnessof route. As |=
connectivity increases, the propensity to chose a route incre

On theother handas the nmber of street crossingscrease, ===

(-'iﬁ—_‘d\_% =i

the less desireable a routefds potential cyclists

Grade and Surface ConditiorOn any route, there exists a multitude of grades and surface

conditions. Typically, routes are chosen to minimize physical effort, while providing a safe

environment Geelong Bikeplan, 1978). The presence of stq

terrain is an influential impedance factthat can discourage
route, or trip for commute cycling (Cervero and Duncan, 20(*
This notionis reversed for recreational trips, where grade

resulting physical exertioaremore sought afterln both cases, SIS L

quality of surface condition can plagn important role in

motivating cyclists.

Signage Given any number of the interventions proposed, creating awareness ofj agtivity

(to other modes) and availability of infrastructure (to cyclists
vital. Signage provides a cost effect methofdl ppomoting Ej
multimodal transportation within a networkinterventionscan

take shape in terms of pavement marking (bicycle icons, la

SHARE
chevrons, etc), or as sign (designations of lanes, trails, ig THE ROAD

12



parking,etc).

2003). These amenities help to diminish common percept .
that active modes, such as cycling do not fit itite fabric of

professional workplaces.

Research has also shown that end of trip ortremmsportation facilities can play a strong role in
influencing the mode share of cycling. Facilities such as indoor and outdoor storagéaspace

shown in Figureb), short and longerm parking, work place showers and bus bike racks help to
create bikeable communities. ALack of facil

commuting to work by bicycle (Dill et al., 2003 p.116), and increased facilitipeciedly work

-

place lockers have been cited as to having
potential to increased bicycle commute rat
(Jackson et al., 1998).

interventions, when applied injunction witfg
Transportation Demand Manageme
strategies, infrastructure interventions ha

the capacity to help increase the propensity Figure 5 Bicycle Parking - Frieburg, Germany
cycling (Jackson et al., 1998). Casello, 201

Canadian Examples

Given thediversity ofimplementation strategies, these interventions may be applied to a variety
of scenarios However, in every caseis important to identify the objectives of the intervention,
where upon planning can consider current state, applicati@nyention typeandbudget This

is well illustrated when assessing the City of Toronto and the City of Ottaiwaewarying

degrees ointerventiors haverecentlytaken place.
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In 2010, he City of Toronto undertook a lower cost approach, and introduced bicycle boxes and
advanced stop lines with the core(City of Toronto, 2011) This was a reaction to recent
incidents involvingmotorists and cyclistswhere motorists were unaware of cyclists on the
roadways. The objective of this intervention was to increase the visibility of cyclists within the
core district. In planning this intervention, consideration walacel on availablity of space

within the core, which application would be best syitadd what would be the most cost
effective solution. As a result of limited space andrestrictive budget,bicycle boxes were
proposed, whichallowed cyclists to jump queues at traffights, ultimately increasing their

relative visibility to motorists

In contrast, the City of Ottawa in 20idtroduceda more costlyset of interventions to help
introducecycling to novice cyclists within the coreThe objective of these interventionaere
to create a safer envirorent for cyclistsandto promoteincreased active transportation within
the core. In planning, consideration was placen choosing the appropriastreet to introduce
the proposed interventioms wel as which applicationwould be mostappropriate. It was
proposed to builéh segregatethicycle lanealongLaurier Avenuewhich runs across the core of
the City (City of Ottawa, 2011). In addition to the segregated lanbjke boxes, turning
restrictions planters,and additional paint markingiere addedCity of Ottawa, 2011). This
ultimately established safer environment(OO, 2011) while decreasingnotorized vehicles
interactionsand increased attractiveness for current and prospentoltests. This outcome is
evident byassessingycling ratesalong the Laurier corridpmwhereapproximately2,000 cyclists
arerecorded dailyresulting in more than triple the cycling rate prior to the introduction of these
interventiong 00O, 2011).

Though theséwo case studies do not highlight all of the mentioned intervestiois clear that
the level and application of theseterventionscan be cated to specific applications and

budgets

2.2.1.2 Motorized and Non-Motorized Interactions

With the majority of trael time spent on shared roadways, cyclistg on many networks built
for motorized vehicles, anare exposed to a varietgotorized and noimotorizedinteractions
These interactions play an increasingly larger role in influencing the propensity ¢casyafety

is one of the largest concerns facing cyclists in North Amd@@sello, et al., 2000 With a
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cycling mode share of 1.3% (of employed workers in 2006), Canadian cyclists are outhumbered
on transportation networStatsCan2006). Perception of safety plays an influential part in this
low percentage of commute cyclists, as urban forms, network standardshisiodcal
development catered motorized travehave created unattractive environments for cyclists.

Early research bythe Geel ong Bi keplan (1978) exami ned t
perspective, a concept known as thieycle stress leveland used this to define roadway

bi keabil ity fr omBiayclecsyresd levalstw@re based thevgssumptian that

routes were often chosen based on minimizing both physical effort, and mental effort, or stress
Stress, dcenfflict with dhotaa gehicdes, finteraction with heavy vehicles, and having to
concentrate for long periods of time while riding on highume and hi gh s(peed r o
4), was found to be most considerably influenced by curb lane width, vehicle speeds, and traffic

volumes.

Cycling and motorized traffic more often than not must share iexistoadways and
infrastructure. Given this, Forster proposesite concept of dAvehicular ¢
t h ayclistéi should practice and obey traffic laamgplicable to drivers of vehicles, and also be

treated by other drivers and by law as drivers of vehicles( P u ¢ h,el®99, p.632). a |
Neverthel ess, roadways are frequendydisssandonsi de
of ten Avehi which &8 mandayed byi lawgiro Ontario (as bicycles are considered
vehicles(MTO, 2011) is not always adhered to.

Data from the City bToronto, witha cycling mode share of 2%dicated thaR% of all vehicle

collisions within Toronto involve cyclists. Of these,a 2001 study found that 75% collisions

were considered vehicle error (City of Toronto, 2001hterestingly, @er 30% of cyclists

reported in collisions were found to have been riding orsttewalk prior to the incideCity

of Toronto, 2001) This is an darming figure, and this relates i r ect |y back to
cycl i ngac,ycwhertes 6 petyrstoesipft fiora shared fnetvskifoadways to

grade separate infrastructtirsidewalks
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It has also been found that cyclists altezitloute based on traffic speeds, signals, and volumes
(Sener et al., 2009)Recently,Montreal cyclists wersurweyedand asked questions focusiog
examining factors that affect route choice§&eneral findings from this study suggest that
cyclists would travel an additional distance to use separated facilities rather than shared
roadways (Larsen et al., 2010)The authors indicated that cyclists would alter their routes
according to perceived dangers, and as skill levels increased, use of shared facilities increased
(Larsen et al., 2010).This once again reinforcabe impact of motorvehicle interactions on

shared roadways, aritle obstacles and motivationisey result in

In order to better understand the interaction of cyclists and motorized vehicles, further
examination was taken to reldiecycle stress levels witdifferent street environmentdt was

found that varying roadway geometiyaffic conditions, and lane widthsene highly correlated

with comfort, and experienced stress (Sorton et al., 1984ijlding uponthese assumptions
further researchvas taken to develothe first Bicycle Level of Service (Landis et al., 1997).
The Bicycle Level of ServiceRLOS) distinguishes itself frontraditional automotive_evel of
Service, as traffic flow properties such\a=hicle density and delay are exchanged for bicycle
facility properties (Kltoucar, 2006).The BLOS model evaluatesnetwork based on individual

link attributesand the perceived hazards of a sbasavironment(Klobucar, 2006) Factors
inclusive to the BLOS ardepicted inEquationl.

800 YOl I— @i TY0op o GIBO026606 G006 o 6 (1)

Where;
BLOS = perceived hazard of the shareddway environment

@ = calibration coefficients

w ¢ a= volume of directioniaraffic in 15-min time period

L = total number of througtanes

Y0 ‘C= posted speed limit

HV% = percentage of heavy vehicles (as defined irHighway Capacity Manual

6 0 0 = trip generation intensity of the land use adjoining the road segment (stratified to a commercial trip
generation of 15, multiplied byhé percentage of the segment with adjoining commercial land
development)

NCA = effective frequency per mile of uncontrolled vehicular access (e.g. dgvemah onstreet parking

spaces)

0 6= F A WApbist pasement surface condition rating

@ = averag effective width of outside through lan® ( ® @ @ , wherew = total width of
outside lane pavemenrd) = width of paving between outside lane stripe and edge of pavement, and
w = effective width (reduction) of encroachments in dhgside lane).

C = constant

Klobucar, 2006
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Concurrent witithe previougesearchthe Highway Safety Research Center at the University of
North Carolina developed a Bicycle Compatibilltydex (Harkey et al., 1998).The Bicycle
Compatibility Index (BCIl) consides similar characteristicdo the BLOS; however it
differentiatesitself by rating the perceived safety abadwaysegmers, rather than hazards
(Klobucar, 2006) Characteristic of the BCI arustrated inEquation2.

6606 60 G260 W60 ® GO WOI I LAOYOOWDO L OHO YOHS O (2)

Where;
0 0 *perceived safety of roadway segments
C = constant

= calibrationcoefficients

BL = presence of a bicycle lane or paved shoulder

BLW= bicycle lane or paved shoulder width

CLW= curb lane width

CLV = curb lane volume

OLV = other lane volume

SPD= 85" percentile speed of traffic

PKG = presence of a parking lane with more than 30% occupancy
AREA= presence of residential roadside develept

AF = (O "Q+°Q), where"Q= adjustment factor for truck volumeésx= adjustment factor for parking turnover,
and’Q= adjustment factor for right turn volumes.

Harkey et al., 1998

Both of these modeleave been widely accepted and applied, however, limitations leame
found Most notably, these modelequire conslerable information about link attributes
increasing the difficulty of network widemplementation and lessening their relative
applicaility (Klobucar, 2006). Given this, Klobucar 2006, developed a Bicycle Network
Analysis Tool, which focused on aiding investment decsb@sed ora primary factor ofsafety.
Increased safety has been shown offer increase bicycle commute rates @Djll2€03) and
Klobucar suggests thaierceived safety (modeled by the BCI) and travel distance are the two
key factors thatyclists base their decisions on (Klobucar, 200B)her variables such as grade,
surface conditions, and aesthetics are notedflaential factors however, safety and travel time

are deemed as most importand related back to roadway interactigobucar, 2006).

According to hisdevelopedBi cycl e Net wor k An percgived cost af each
linkinthenet wor k can be defined as t hewhprefioadgu ct
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unsafe | inks are | ess (Kadbucar,2@06, p.20Hn othér aords,she o r t |,

shorter the interactionthe safer anthe more bikeable it is.

2.2.1.3 Travel costs

While many transportation modes have an associated cost with tayet, | offerggthefimost
economical type of vehicular travel and is especially convenient for trips in neigbourhoods,
small towns, or higidensity aread ( V ul®®,ip.c307). Typically, given the same set of
origin and destination, cyclingravel time is significantly higher (especially as distances
increase), thanompetingmotorized modes and this extra time spent cycling is an additional cost
carried by cyclists (Bicycling Life, 1999)The cost of time relates directly to travel time, which

is a function of the distance from a given pair of origins and destinatibne.cost associated

with time spent traveling is an important measure for cycling, as when travel time increases,

motivations for cycling decrease.

2.2.2 Cycling Benefits

Cycling has been showo offer a variety of benefitthat are often categorizeds household
(personal)or transportatiorsystem performancleenefits Household benefits reféo a benefit
derived bycyclists as a result otycling instead of utilizing other modesThesetypically
include physical health, mental health, alirdct economicosts savingsTransportationgstem
performance and operati@nbenefits areypically a byproduct of cycling(howeverin recent
times TDM strategies have supported increased cyclang) result in greater efficiencies in
overall transportationperaton. These include lower vehicular volumes (especially during peak

periods)decrease environmerdl impacts, and increased urban vibrancy

Household (personalBenefits

Householdg(cyclisty attain benefits from cycling through increasedypital activty and the
benefitsof exercise. As a source of physical activitycycling has been linkedo increased
physicalhealtha n d e x er c i s ean attractitiety coebine &ravel and physical activity
(Moudon et al., 2005p. 259. Recent literature haalsodrawn connections between physical
activity and mental health. Specifically, active lifestyles have bskoawn to helpcope with

stressdepressionand low seHesteem (Lander£2007)
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Beyond health benefits, cycling derivesonetary savings. @t savings may be foundin
reduced automotive usehere savings in ters of fuel, insurance, auto ownershipaintenance

andrepair, andparkingare attainedLitman et al., 2006)
Transportation System Performance

Cycling offerstransportation system performance benefits in creating a balanced network, and
reducing the impact of atorized modes. Specificallyncreased cycling activitye§pecially
commutebased tripshasthe ability to reduce vehicular volumes during peak periddsturn,

travel times are reduced for motorizedodes and the need for furtherinfrastructure
development can Hessened This is increasingly more of a concernfage can no longer build

our way out of congestian ( Mo r i t91), ,and he&k® té approach current congestion with
alternativesolutions By reducing motorized volumes and traike environmentatlegradation
imposed bypaved surfacesan be mitigated, and increasatban vibracy can be attained
Urban vibrancy, whi ¢ h communitiesgencampdssestkeednotiansof 6 | i v
addresmg economicinefficiencies, environmental deterioration, and unsatisfactory quality of
life (Vuchic, 1999).

Politically, increasednvestments in active transportation hdke potential tayenerate greater

efficiencies within current transportation systeatsa much lower cost to users. Thisbisst
illustratedwhen comparingonstruction costs, where cycling infrastructure is esgthat— of

the cost of auto.

Literature has shown that there exists a great wealth of information on cycling and cyclists,
however gaps lie in linking cycling activity to demographic information (cyclists). Increased
infrastructure interventions hawbe potential to increase cycling mode shares. This in turn
benefits the transportation system as a whole through greater efficiencies and increased
performance. Politically, investments in cycling infrastructure are much lower than those posed
by motorzed modes; however they are not as widely accepted by the pu#itb. increased
cycling it is vital to consider the interactions placed between cyclists and motorized modes.
Interactions with motorized modes have long been considered a barrier tg @aimeed to be

addressed.
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Chapter 3
STUDY CONTEXT

The Regional Municipality of Waterlopacomprised of the ttities, Waterloo, Kitchener, and
Cambridgeand theTownships of North Dumfries, Wellesley, Wilmot and Woolwighpne of
the fastest growing regionstvin Ontario(ROW, 2010. Locatedapproximately 110kmvestof
the City of Torontg Waterloo Regiomegularlyexperiencesemperatures ranging frord5°Cto
30°C, with annual snow and rainfall of over 125cm and 500mm respec(iMBL, 2009).
Originally planred according to past harvestiagd cattle trails, Waterloo Regiolacks strong
arterial connections, which are typically found in traditiogad-patternstreet layouts. As a
result, transportation and planning initiatives must be specifitaillyedt o Wat er | oo

unique layout.
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Figure 6 Waterloo Region Context Map

Adhering to several legislative documents suchihafOntario Places to Grow Pl&2006, the
Provincial Policy Statemen2005 and the GreenbeltAct 2005 (Figure 7), the Region of
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Waterloo has been progressing towards the intensification of urban cores, and the protection of

vital agricultural lands.Located within the boundaries of the Greater Golden Hors€§5Ggl)

(Figure 7), Kitchener, Waterloq
Cambridge, and Guelph have been
designatedby the provinceas Urban
Growth Centres with an estimatedsGH

population increase of four millior
people, and two million more jobs by
2031(PtG, 2006).

Occupying a land area 4f368 knf and
a population density &70residents per
square kilometer, the Region of
Wa't er | cuedts population of
approximately 550,000 is expected to
grow to 730,000 by 2031 (StatCar,

2006). Duringt hi s peri od ,Lege::;nat;]wtﬁmmR egi onmos

economy isalso expected to add 509 Designated Greater Colden

Built-Up Area Greenfield Area Greenbelt Area* Horseshoe Growth
= Conceptual - Conceptual Plan Area**

more jobs, ultimately challemp _
) _ Figure 7 Greater Golden Horseshoe Plan
regional staff to accommodate increasea

housing and employment lands withaditminishing local agricultural Iands.AF:CZerg;ljﬁﬁ of
forecasted populatioand economic increases A Gr owt h Man ag(Bawe 2003 St r at
have been undertaken by the RegioMhesestrategiesnclude: strict growth boundarieshat

have beemmposed aroundore aregsncreased developmenté@mtensification(higher density)

of existing built environmentsand major investmestin both current transit operations and
introduction of combined Light Rail Transit (LR@nd adapted Bus Rapid Transit (aBRT)

system along the central core corridotied Regior(Figure8).
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ROW, 2011

t he
program to complemerthe landuse and transportation policies outlinabove. The Travel

Concurrentwith Growth Management Sr at egi e s, Region has |
Wise program was initiated as a Transportation Demand Management (TDM) initiative to
increase awareness amml advancemore sustainable transportation modes such as walking,
cycling, and transit.Within this framework, greater emphasis is placed on educating the public
about transportationalternatives, while providing economic incentivies the utilization of
suwstainable transportatiofROW, 2010) One of theprimary outcomesof this programis the
development of a Cycling Master PIEROW Cycling Master Plan, 2004which places a modal
of a

target of 2% of total trips by 2016This target is supportedy the prese c e 6you
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population, as several universities and colleges (University of Waterloo, Wilfred Laurier
University, Conestoga College, ete located in the regicend offera demographic typically
associated wittnigher likelihood of cycling. Giventhis potential the Region has allocated a
budget of $33illion towards the construction of new bicydkeilities spanning over 73@m.

Table2 below illustrates current regionaharacteristics in relation to existing cycling facilities.

Table 2 Current Cycling Facility Characteristics

Regional Municipality of Waterloo

Population (2013 507,096
Mean Age 36years
Employment (2006) 257,655
Area 1,368.94km”
Population density 370prs / knt
Length of road network 3,342km
Cycling Data for the Region of Waterloo
Regional Trails 252 km
Bike Lane 103.2 km
Boulevard Multi -Use Trail 4.3 km
Paved Shoulder 174.8 km
Shared Bike/MV/Parking Lane 33.4 km
Signed Route 53.9 km
Wide Curb Lane 5.8 km

Cycling mode share(commuting - 2006) 1.6%

To assist in the implementation r@gionalgrowth strategybjectives, the Region of Waterloo in
conjunction with the University of Waterloo began a joint research study to capture data on
cyclists anccycling habits within the regionThis study commenced as a winter cycling stiady
improve maintenance and debris removable, and progressed to-ewa@drsudy aimed to
complement TDM initiatives The study its findings and their applications are dd@sed in the

subsequent sections.
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Chapter 4
METHODOLOGY

The University of WaterlogWaterloo Public Transportation InitiativeWPT]I) in conjunction
with Regional Municipality of Waterlo¢Travel Wisg developed joint Cycling Reearch Study
to collect data on cyclists and cycling infrastructufidais study aimedo understand the physical

environment and socieconomic characteristics of regional cyclidtg identifying:

I. Who the cyclists are, to where do they travel, and for what purpose
II. How their household composition influerscand is influenced btheir
cycling activity.
Ill. Themotivations and obstacles to bicyclifihow these could potentially
lead to improved cycling mode choice models;
IV. The kenefits of cycling to overall &ansportatiorsystem performance.
V. The influence of landuse andlanduse density on mode choice
behaviour
VI. Thestepsthatcan be taken to increase the attractiverdscycling within
urban forms;
VII. Future investments, policies, education, grean implementation
strateges;

VIll. Methods to maximiztéhe value of the data

Each of these is addressed in subsequent sections.

4.1 Study Structure

Participant Recruitment

In March 2011 regionalcyclists where asked to participate in a winter cycling stigudc
media, local newsapers,and word of mouth Over 100 cycliss registeed soon after the
announcement. During the recruitment process, no specific procedure was useefléat
diversity in terms ofgender, age, geography, skill level, income, eRarticipants wereelf

seleced cyclists, andelectedo participanbased ortheir availability.
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Data collection
Among the first 100 registered cyclists, two groups of cyclistappioximately50 participants

each) weregiven compact GPS loggesits Figure9) for a twoweek

period. Theseunitsrecordd origins, destinations, speedsjte, altitude, ’

andtime of travel. The units were calibrated taecordX,Y,Z (longitude,

X 4
latitude, altitude)way-points every 3 seconds brmeters.Data collected| _. )
Figure 9 GPS Unit
by unitswere downloadedia USB and stored within an excel database
according to group and unit numk@&ppendix A). Recordedoints were ogrlaid onto a map of
the Regionusing a program supplied by the GR&nufacture and traces were illustrated
individually by colour and dateF(gure 10). The software also generated speed and altitude

profiles for every trace Along with gathered GPS data, daily weather conditions were recorded

for each grap, and stored with the t#a
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Figure 10 GPS Output

The GPS units are also equipped with a manual location / time recorder. If the user pushes the
button on t he u rataare storddevithiauniquedidentifier ty indicatentteat this
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was a manually identified data point. In the research, participsate asked tause this
functionalityto6 f | agd percei ved hazar dlidazaas, reprdseniedasd ai |
red markersin Figure 10, were defined as any physicabstructionencountered on route.
Instructions were given to ensure that hazards experienced be of a physical nature (i.e.
intersection geometry, surface conditioiisconnectivity, etcand not behaviaral hazards (i.e.

poor motorist behaviour). This was specified as sucéo that flagged hazardscould be

investigatedater.

In paralld with the collection ofevealed preference dataoughGPS loggers, grticipants were
asked to completean online survey developed to capture household compositi@amsd

characteristics Characteristics of the survey are seefable3 (full survey in Appendix B)

Table 3 Survey Characteristics

Category Data collected

) Respondent diacomnedrequency ef aydiegrby
1. Demographics, auto
ownershipand vehicle season, frequency of other modes; household # autos ow

ownership # licensed drivers

.- Satisfaction with currentoute, assessment of skill levs
2. Characteristics of regular

cycling route frequency of bikdransit trips (racks on buses), helmet use

Factors that motivate to cycle, factors in current route chg

3. Cycling behavior obstacles to increased cycling

Relative importance of varisu interactions with carg
4. Specific hazards interaction with other cyclists, road (facility) maintenan
weather

$ spent on annual maintenance, level of investment for

5. Cycling economics bicycle, and willingness to pay to join a bikearing progran

Prioritized list amongst: paths (@soad, offroad, boulevard)

6. Necessary cycling parking facilities, lighting, shower facilities, bicycle signa
infrastructure )
and path maintenance.

Use of GPS / cell phone when cycling; evidence of bic]
7. Miscellaneous theft; bicycle collisions; level of training; opinions o

motorized bicycles.
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After logging two weeks of cycling datand with the completion of the survey and trip diary,

GPSunitswerecadllected and datavereextracted.

GPS Data Validation

As with any data collection exercise, it was important to validate the raw data to ensure
subsequent analysis was valid. Challenges specific to GPS data include incorrect datarpoints
both the x,y and z dimensioiisfrom poor satellite connectivity vith result in extreme travel
distances and speeds. To eliminate incorrect data points, the following approach was used.
Using Visual Basic (VB) code, each point (or series of points) were evaluated based on both
altitude and speed thresholdayvalid dda point(s) are defined as those that:

Altitude Thresholds

1. Havean altitude less than 0 metres or greater than 600 metrssrange was used to
reflect regional elevations

2. Have adifference in altitude between tvamljacentpoints (3 secondghat isgreater than
35 metres.

Speed Thresholds

1. Produce amnitial speed greater than 10km/hr.
2. Produce an observed speed of greater than 75km/hr.
3. Produce difference in speed betwedwo consecutive segments that excegékm/hr

(Figure 11)
4. Produce a ifference in speed between two adjacesigmentsthat exceed80km/hr
(Figurell).
\{[Jl VLJ Vl\
; 1 2 3
if if :
[Vor =Va|Z16 km /e, and Vo —=Vi,| 2 30 km/ b, or
|V|2—V2.“216kmf’f?r' ‘V]_.*V_‘_\‘zm)km/hr

then delete point 1 then delete point 1

Figure 11 Speed Cleaning Thresholds

An example of data validation and cleaning can be seen in the following figure.
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Cycling Study March 8th - 25th & April 15th - 29th Cycling Study March 8th - 25th & April 15th - 20th
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,,,,, -
iy 4
i s S
g [ ARt *
== e N
TN _/"' > LT g iy

""‘"“‘:\< )\{\\

Figure 12 Raw and Cleaned Data

As noted, poor satellite connectivity experienaeithin the raw datghighlightedon the left
Figure 12 was cleaned usinthe thresholds outlined abovén cleaning the data, pointhat
were identified arsmoueg (bloerppintsnoa the rgbtentp) leawirgroely
points that were identified as representative of cycling actixety points on the right map)

Concurrent with thisdaily regional weatherconditions wererecorded and matched for each
group and daywithin the study(Table4).

As a result of the overwhelming support and number of cyclists registered, the study was
extendedfrom its original winter study to a year around study total, 11 groups andi15
cyclists registered for thigidy. Table4 showsthe sequence of data collection efforts. Given
the duration of the full studyglata on cyclists andycling both irseason (summer and fafind

off-season (winter) conditiorigve been collected
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Table 4 Cycling Group Characteristics

Start Finish # of Cyclists Survey Trip Diary Weather (°C) Season

Groupl O08Mar-10 25Mar-10 50 42 44 -4.11t017.7

Spring
Group2 15Apr-10 30-Apr-10 45 39 40 -2.7 10 26.3
Group3 15Jutl0  30-Jutlo 42 40 37 11.6 t029.6
Group 4 09-Aug-10 24-Aug-10 40 35 35 9.2t0 30.3 | Summer
Group5 26-Aug-10 10-Sepl0 46 38 38 5to0 33.6
Group6 20-Sepl0 04-Octl0 46 37 43 2.1t028.6
Group7 28Sepl0 13Octl0 39 36 34 -2.71t021.8

Fall

Group 8 20-Oct10 04-Nov-10 39 35 35 -5.9t0 20.5
Group9 03Nov-10 18Nov-10 25 20 19 -5.8t0 15
Group 10 13Janll 27-Janll 29 24 24 -28.8t0 1.4

Winter
Group 11 27-Janll 11-Febll 14 11 10 23 t0-1

Totals 415 359 361

GPS data andsurveydatawere linked togethefbased on cyclistand provided insight into
answering the research objectives outiearlier in this thesisDatawere linked together based
on recordedyroup number and unit number (i.e. within group 5, unit 86 was linked to survey

group 5, completelly unit 86).

Given the pssibility to address past studi@sitations identified with theliteraturereview, this
structure allowed cyclists, and the physical network to bedtdgether.

With datagathered, the following ntieodologieswereappliedto addresshe research objectives

of this thesis.
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Data Analysis

As previouslyoutlined many objectives have been proposkd this research.Thes include:
who the cyclists are, to where do they travel dod what purpose; howare household
composition influencg and are influenced by cycling; what are the motivations and obstacles to

cycling; and what are the benefits of cycling to the overall transportation network.

Who the cyclists are?

Cyclists wereasked to provide informatiomn demographiccharacteristics includingage,
gender,andincome(Table3). These data were compared to the Regional distribataiused

to validate our sample asflective of the Region as a whole.

Where do they travel to?

With Regioral Growth Management Strategies place assegsent ofland use and landse
densitieshas become amportantcomponent in Transportation Demand Management (TDM).
Specifically, interest lies with understandingwh landuse densities helgo explain the
probability of generatig and attracigc y ¢ | i s. tTBiQis of pantiqular interest, aariduse

patterns have the tantial to influence cycling by:

1 Congregating activitie$ which in turn would provide greater access to a diversity of

destinationsvithin a gven travel distange

1 Increasing pedestrian traffic and lowgyroad speesli which result in safer interactions

for cyclists;

1 Increasing paikg demand which would resulin higher parking charges and limited

availability, and increase the competitnass of cycling relative to autos.

In order to understand the relationship of luse patterns on cycling behaviolanduse
density @) as defined by the province of Ontafidess, et al., 200Avas computed for each
Traffic Analysis ZongTAZ) within the Region, where:

0 OEN VQE i Qo (3)

This analysis was applied using observed origins captured by the GPS loggers, which were then

spatially joined to a regional TAZ layerThe number of cycling trips originating from and

30



destined for each TAZ was calculated. Trip generation and attraction rates were regressed
against laneuse density to determine if lanse densities could explain the likelihood to cycle.

Results were graptally illustrated allowing for subegional and regional analysis.

This methodology and analysis was repeated for recorded destinations.

For what purpose?

In conjunction with demographic and spatialajd5PS datavereused to providenformation on
where and when their trips began (origin) and finished (destination), and which paths were

chosen Figure10).

It wasalso possible to assesavel behaviour and identifirip purpose(commute, utilitarian,
and recreational tripg)ased on severalles. These rules were implemengedfollows

I. All trips occurringduring the weekend/ere categorized as recreational trips.
the absence of other information regarding employment (full time, part time, etc.),

this appears to be a logical assessméptirpose.

[I. All trips occurring on a weekday with an X,Y (linear) distance between origin and
destination< 0.25kmand no intermediate stofsee Figure 13 for the definition
of an intermediate stopyere classified as recreationallhe assumption hers i
tha if the observed data indicaéecomplete circuit (i.e. beginning and ending at
the same location) with observed stops, then the trip served no utilitarian function

and, therefore, is deemed recreational.

. Any trip that w arse céensuscahr yl6 o mwgaesr dteheamme d as

Figure B illustrates this concept. ©nsider a cyclist who took a tripom origin

A to destination B. Suppose A and B ardy 2 km apart, buthe cyclistchose a

route of 6km (a difference of «m). It is unlikely that the actual path reflects a

utilitarian path selection. It is far more likely thdtetlonger than necessary

distancei 300% of the shortest pathimplies the cyclist sought a longer route
presumablyfor recreationalpurposes. However, if a di&t took a trip from

origin C to destination D thatre 10 km apart, and chose a route that wasiv

(again a difference of &m), that trip has a higher likelihood of beimgthin a

range of path choices that would be used for utilitarian purposes.
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Recreational Trip 6km
(6km — 2km) = 4km

Non-Recreational Trip 14km

(14km — IOV\
A 10km 2

\ PresssrssrssssrssssEsEsEsEEEEETE RS R EE e R s e e | |
L 4 o

Figure 13 Recreational vs. NorRecreational Trip

This approach to identifying recreation trips requires that quantitative threshofisniger than
necessanyare defined. No formal definitions were found in the literature. dgproach taken

was to try and establish a logical upper bound on the ratio of actual path to shortest path that may
be observed for a utilitarian trip. Any ratio exceeding this upper bound was considered to be
recreational. The thresholds are determieedpirically from the observed data. They are
presented graphically in Figu® and are summarized in Talden Section 5. All remaining

trips were categorized as utilitarian trips.

IV. Among the utilitarian trips, those which occurred during the AM (6t80
9:30AM) and PM (4:00 to 7:00PM) peak periods where further categorized as

commute trips.

Trip chainingis defined adinking several tripgdestinationsyand/or trip purposem
series. From a transportation planning perspective, trip chaining ialdedirecause the
traveler can complete a set of activities with less total travel than if each activity were
completed as a single trip from the origin. For active transportation, minimizing distance
traveled is typically more important than when usingarieed travel due to the physical
effort required. Trip chaining also provides a break from physical exertion while

traveling using an active mode.

Given the importance of trip chaining to cycling, a method was developed and applied to
identify GPS datahat reflect a trip chain.A trip is definedas continuous movement
from an origin with no stops longer than 10 minutes. When the cyclist remains at a

location for longer than 10 minutes, we consider this to be a destination.
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If the cyclist then begins aecond trip within 30 minutes of arriving at the previous

location, then the previous location is considered an intermediate stop and the path from

origin, to intermediate stop, to final destination is considered a trip cha@hms is

graphically illustated in Figure 4.

In the top example, a cyclist departs from point A and arrives at point B. In this case, the

cyclist turns the unit off. Fifteen minutes

later, the unit is restarted, still at location B,

and the cyclist continues from point B to po@it Point B is defined as an intermediate

stop and the trip from A to C is a trip chain.

In the second case, the unit remadnsand the cyclist is seen to stay at location B, with

speeds O for 20 minutes after which she completes the trip to point C. This also

reflects a trip chain from point A via point B to the destination, point C.

Duration between sequential
tracks is < 30mins

\ )
\ /
__/

'S
- Track 1 15mins

[ )
/

2
( N Track 2 o

Q 4

2

GPS Recording
Track 1

Observed stop within a track over a
period > 10mins and <30mins

Track 3

[ )

Track 2

20mins stop

./

GPS Recording

Track 3

Figure 14 Trip -Chaining

Household demographics

A study of household composition can

increased cycling amongst household members and can help understand the impacts of cycling

on overall transportation expenditures.
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suggests that transportation expenditures can constitute between 15 and 40% of total household
expenditures (Center for Clean Air Policy, 2009). A large of this proportion of these costs can
be associated with the ownership, operationsnaaithtenance of automobiles. In the case where
cycling is a viable substitute for auto ownership, households have the opportunity to reduce total

transportation COsts.

The expectation is that amongst the general population, households own an equatesr gre
number of autos than licensed driverB this research, the number of licensed drivers in a
household is compared to the number of autos oyankxiver ratio suggests less reliance on auto

and, as a result, lower transportation costs.

Obstacles tand Motivations forcycling

In order to better plan and desifpr cycling, cyclists were asked to evaluate several variables
that have been shown to influence cyclibgth positively and negatively The evaluation

included:

1 Components of infrastructurdndt either promote or limit a feeling of safety while

cycling;
1 Components of infrastructure that enhance or limit the convenience of cycling;
1 Interactions with other modes, particularly private auto, that influence cycling safety;
1 Other operational paraness;
1 The physical environment.

These variableare most often perceived abstacles to cycling, and their relative rankings help
to indicatet h e sdwalyiédst s 0 | eamdehelp to drioritzg investmmar@swihich may
increase cycling.

Conversely, participants were also asked to express their level of agreemenftevittited
motivations for cycling. These include personal health, environmental stewardship, and

economic motivations.

In both cases etative levelsof agreementvere based on a ranking of 1 tov#herel indicates
low agreement, and 5 indicates strong agreementrank these variables, an average score is

computed for each response and the results are ranked from most to least important.
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Benefits of cycling tahe transportation network

Recent literature points to the benefits of cycling to the overall transportation system
performance bydiminishing infrastructure costs, operations and supporting transportation
demand management strategies; however, little eggl@as been captured to support this claim.
In a means to address this, steps were taken to understand tbledhdsign which cyclists reside
andthe impact cycling has on these households.

Datasuch as theumber of vehicles owned per household, nendj licensed drivers, departure
times (weekend, weekday, peak, andp#fk), route choice, seasonal variation, and distribution
of destinationsprovide insightinto benefits of cycling to both households athe overall

transportation network performaanc

Literature has also pointed to the need to create attractive environments, evizible
multimodal travel to helpnanagethe increasingly largelemand for travel Attractive cycling
networks have th@otential to increase the total mode share of ngcland broaden current
transportation optionsAttractiveness, which in general can be attributed to increased safety and

greater conectivity, creates a more invitirenvironment for current and perspective cyclists.

Given this, steps were taken g@mther meaningful information on what were perceived as
potential hazards for cyclists. While participating in the study, cyclists were asked to flag
hazards on their daily cycling trips. This was done through use of the didriB&8 loggers,
which hal a builtin flagging function. Based on hazards that were marked, it was possible to see
where cyclists felt unsaféwith this knowledge it was possible to take steps in increasing safety
at points identified as hazards dangerousas well as appliethis knowledge to the entire
network to increase safety within the region as a whole.

Investigation also took place to determihecyclists would travel further to reach attractive

(more bikeable) infrastructure. Specifically, how far, and how long dvoytlists travel out of

their way and why. For each trip, the origin and destination points were recorded and the
shortest path was computed using ArcGIl S6s Net
The shortest path was calculated using two nedsvtayers. The first layer was the regional

network of all roadways. The second layer was a regional network with all roadways ard multi

use trails. Given the computed shortest paths, we compared the X,Y (linear) distance between
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same set of origins dndestinations, and calculated the experiert®ezkssTravel for each trip

along the roadway, roadway and trail network<sy.

(OYAYAY o) (AN IR oY - A A (4)

OWEM G Qas 4 h (5)

Several interesting observations resulted from this analysis. Equation 4 illustrated the influence
of roadway configuration on distanoecessary to travel (what is the resulting excess travel by
using the roadway networldong. Equation 5 shows the influence oéits in reducing xcess

travelon the roadway network.

We also compared the shortest calculated paths (with and withos) taithe actual paths
taken. This was done to understand the actual excess travel, or extra distance cyclists are willing
to travel. Prior to doing so, recreational trips as defined earlier were removed (as typical
recreational trips do not offer the sammdication of excess travel, where longer, more physically
demanding trips might be preferred, compared to shorter A to B utilitarian tResults of this
examination provide insights into the additional travel costs cyclists are willing to assuse to

attractive facilities.

Maximizing the value of the data

To maximize the value of the data, a quabje database eatedo allow further investigation

into cyclists and their cycling behaviour. The databasengpo&dof revealed (GPS) and stat

(survey) preference data, andhsoken into two distinct sections. First, Microsoft Access
database stosedemographic and cyclist level statistif.e. average trip distances, speeds
gender, age, etc)Second, an ArcGIS 10&adatabasewith three feature classéspolylines of

trips, origin anddestination points, and hazaslt or e cycl i st sé and track
number, date, weekend/weekday, origin, destination, departure time, etc).

The complete databas#&ucture isllustrated inFigurel5.
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[ 1. ACCESS (2010) DATABASE Queryable based on cyclist/unit level data ]

‘L Units linked to Survey based on common field {Unit number & Group number} L
/ GPS DATA \ / SURVEY DATA \
{per cyclists/unit} (per cyclists/unit]
General Characteristics Cycling Initigtives Cyclist Characteristics
Trip Information -Gender - Shower at Workplace Use - Satisfaction of Aegular Route
-Avg. Trip Distance - hge - Locker at Werkplace Use - Skill Level
-Avg. Speed - Annual HH Income - Better Infrastructure Use -Helmet Use
-Avg. # of Trips/Day -#Incomes per HH - Carry Call Phona
-fwg. Distance/Day Purchase & Maintenance - Carry Emergency Tool Kit
-Season Driver Characteristics - Maintenance/Accessories yr - Carry GFS
- Drivers Licence -§ Purchasing New Bike -Stalen Bike (Past Syrs)
- # of Licensed Drivers per HH - Bike Share [¥/N) -Lallision (Past 3yrs)

- # of Vehicles per HH -Electric Bike Purchase -Bicycle Training
-Seasonal Route Change

Output: Text file ta be copied into ArcGIS "Definition Query” function

b

/ 2. ArcGIS 10 \

Geodatabase of ail trips as polylines/0D points — cyciist/unit OR Track level data
Display only output polylines from text file output
Further guerying passible based on:
Palylines of Trips Origin and Destination Points Hazards
-Track ID (group, unit} - Season ~Track ID [group, unit) - Season -Track ID (group, unit)
- Track # - Departure Time - Track # - Departure Time -Track #
-Origin (Lat/Long/Alt/Speed) - Peak/Off Peak OR e {Lat/Long/Alt/Speed) - Peak/Off Peak OR -Lat/Long
-Date - Trip Purpose -Date - Trip Purpose
- # of Trips per Unit - Trip Chaining - # of Trips per Unit - Trip Chaining
kWEekendMeekdav - Distance per Trip - Weekend/Weekday - Distance per Trip /

Figure 15 Cycling Database Structure

This structureallows the user to query based on specific characteristics (general, driver, trip,

cyclist, cyclingand, purchases and maintenaneBere upon the corresponding GIS (recorded

GPS data) can be extracted and illustrated.

In the followingchapter methodologiepresented in this chapter shall be appliethedata, and
results shall bdiscussed.
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Chapter 5
RESULTS

The goals of this thesareto better understand cyclisasid cycling in the Region of Waterloo,
while contributing to the literature by expanding on current understanding of cyclists and the
physical network. Results from this research allowefadencebaseddecision makingdr the
Regional Municipality of Waterloo, and other similar municipalities on cycling investments,

policies, education and project implementation.

The final outcome of thetudyyielded approximately 4,800 individual triger which GPS data
are availal#), and over 400 completed surveyas stated previouslseven key objectives have
been outlined, and methods to address these objectives have been presented. Results to these

objectives are peented in the following sections

Who the cyclists are

Variables thahave been identified as influential to understanding travel behaviour include, age,
income,gender,and auto ownership. Within our stydye were able to capture the following
distributions(Figure 16) that help to represent whiegionalcyclists are.

55000 Age Distribution Gross Annual Income
. 0 O
x o
30.0% : 25.0% i
25.0% 00— 20.0% +—m
L]
.
0% I | 15.0% = § —
15.0% +——— 0 — 18— H
100% +—+ 1 &
100% (& L :
5.0% - - 5.0% +— —— i— _
.
0.0% ‘ ‘ . . ‘ . | 0.0% — i ; : ; : ; ‘
under 12-18 19-30 31-40 41-50 51-60 Overs0 <324 §25- 550- §75- $100- $125- =35150 N/A
12 49 74 99 124 149
Years (x1,000)

Figure 16 Distribution of Ages & Incomes

We can note frontigure 16 several interesting observationgirst, the verticalred) dashed
lines represent the Regional average as reported by Statistics Canada (2@&)luating our
data with that reported by Statistics Canada, wege able to observe that owamplewas
representative of thegional meatn terms of agehowever, there exisan under representation

of children under 18. Ti& outcomeis likely a result of the way in which participants were
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recruitedi through local bike shops and through local newspapasswell aghe concentration
of activities aroundiniversities and regional staff building&inally, the study wanot designed
to include chdren, due to the increased liability and tieeed for a guardian to «agn the study
consent fornfor those under 18 years of age

We observe an income distribution that is quiteetde. In comparing participant incomes to
that reported by Statistic€anada, waee that our sample represents a segmene@bibulation
with incomes that arkigher than theagional averageThisis of particular interest, as academic
research has suggested that households with greater incomes tend to drive moeeraoik us
sustainable modéswalking, cycling and transit less frequently. Of further interest, cyclists

have been typicalllabeled as lower income earners, wherfact, our resultssuggest otherwise

Within our sample we also foureh unevergenderrepresentation76% of our cycliss were
male, and 24% were female It was also found tha@7% of cyclists within our studyvere

licensed drivers, witla mearhouseholdauto ownership of vehicle.

To where do they travel?

In conjunction withsocioeconomic information gathed by our survey, GPS data provided
information onwhenand whee trips began (origin) and finished (destinajioifo determine the
impact of landuse on cycling, an assessment of lasd densities was undertaken in ielato
the number origins or destinations recorded per Traffic Analysis Zone (TAdyure 17

graphically illustrates the densities of observed origins and destinations as a function of TAZ.
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Figure 17 Origins and Destinations per TAZ

We are able to observe that both origins and destinations are highly concentrated within the
Regi onds u however, aclghtlyst®ngar concentratioof destinations exists. This
suggests that employees aredieg outside of the core, and traveling to e g i GBDéte

work.
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To further analyze the influence of land use on propensity to cycle, we plotted a normalized trip
generation rate as a function of land use density. This is shown in Figure 18.
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Figure 18 Trip Generation and Attraction as a Function of Land-Use Density

Trip generation and attraction rates are positively correlated withusediensity and exhibit a
strongnontlinearrelationship with R equaling 0.93 rad 0.89 respectively.A best fit, nonlinear
regression also suggests that trip generation and attraction increase with land use density.

1. As landuse density increasefje propensity to start or end a trip in a given TAZ
increases;

2. Intensification and reurbanizatiogrowth strategies by the Regiofwhich support
increasdand-usedensitieshave the ability tancrease the rate at whidycling tripsare
generategdand

3. Higher land-use densities attract cyclistghich in turn providesafer routes (lower total
speeds); greater number of destinations (attractions); and increadedalue (higher
parking charges andecrease available spaceresulting in higher costs for motorized
users.

41



For what purpose?

The methodology describedrkar to compute the ratio of actual trip length to shortest path was
applied with an ultimate goal of identifying utilitarian and recreational trips. In Figure 19, the
percentagesf trips that exceed a ratio of actual to shortest path are plotesdt of curves for

trips of different lengths are shown to reflect that the ratios represent longer excess travel for

longer trips.
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Figure 19 Recreational Thresholds

The data in Figure 19 provide some insights into logical uppends for recreational trips. The

first assumption is that for long tripsgreater than 10 krm any ratio of actual path to shortest
path exceeding 1.5 should be considered recreatidbalpirically, this reflects about 5.8% of

the trips between 10 dn20 km in length. If this percentage of trips in a category is held
constant, thenaf trips in the range of 7.5 km to 10 kthe appropriate ratio threshold is about
2.25. Similarly, the ratio for trips between 5 and 7.5km is 3.0 and for the last category, lengths

from 2 to 5 km, the ratio is 3.5.
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The interpretation of these results is as follows. A cycling trip betweergin and destination

with a shortest path of 3.5 km will only be considered recreational if the cyclist chooses a path
that isin excess 0{3.5*3.5) 12.25 kni or 8.75 km longer than necessaryhis ratio reflects a
relatively weak upper boundis suchthe outcome of this technique is to misclassfme
recreational trips as utilitarian trips.

Utilizing this technique,8.4% of total trig were defined as recreational, leaving 91.6% as
utilitarian and commute based tripEable5). Given the limitations presented above, this value

can be considered a lower bound on the number of recreational trips.

Table 5 Recreational Trip Identification

Actual trip length Ratio | % of trips

2.07 5.0 km >35 0.8

5.07 7.5 km >3.0 0.9

7.57 10.0 km >2.25 14

> 10.0 km >15 5.3
Total 8.4

Further investigation into travel patterns revealed the number of daily trips and the average
length for each tripHigure20). We can note ifrigure20 that the number of daily trips remains
consistentith approximately 2 trips per daylhe average distance travelled per deag found

to be largely influenced by season, where greater distam@re coveredfin-season, and

shorter distancasereobsened in the offseason.
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In evaluatingthese data, nteo-level statistics relating toegional cyclingwere compiled to

understand the behaviour of cyclistghin the Regiorof Waterloo Specifically,data relatingo

Spring

Summer

Winter

km
{ i
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group9  Group 10 Group 11
= Average # of Trips/Day ~—Average Distance Travelled/Day

Average distance travelled per day : 5km

Average number of weekday trips: 2

Figure 20 Number of Daily Trips & Average Length per Trip

average trip distance and trip speeds per cyclists were asdeigged1).
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Figure 21 Average Trip Length & Speed
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As previously noted in dalevel statistics(Figure 20), macao-level data exhibits similar
characteristics, where speeds and distances dedrdaseg the offseason(winter). Most
interestingly, when overlaying the cpuoted average trip distanceok’im f r om Ki t chener

Hall (Figure22), we are ale to note tlat typical cycling activity (travel distance) provides access

< N

Kitchener City Hall AN

to much of the Region.

Figure 22 Distances Accessible within & km Buffer from Kitchener City Hall

It can be interpreted from these results that cycling has theyatmli provide necessary
transportation access within the Region (and other similar sized municipalities), and offers a
feasible alternative to other less sustainable modes.

Household demographics

Academic research has indicated that auto ownership plays an influential part in mode choice.

Households with greater access to automobiles have been found to use more sustainable modes
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less frequently.We were interested iassessing the applicability theseassumptions for our
sample.
To this end, participants were asked two questions to understand the role of cycling and their
auto ownership

1. How many licensed drivers live in your household?

2. How many automobiles are owned or leased by members ohgasehold?

Results from these responses reherosstabulated and summarizedTable6 below.

Table 6 Number of Licensed Drivers vs. Number of Vehicles Owned per Household

Number of autos owned by household members
0 1 2 3+ Sum
0 3% 0% 0% 0% 3%
Numberof 1 9% 10% 0% 0% 19%
licensed
drivers 2 4% 36% 20% 1% 62%
3+ 0% 4% 9% 4% 16%
Sum 16% 50% 29% 5% 100%

In the table above, cells highlighted in orange shasvgrcentage of households in our study
that owned or leased a larger number of vehicles in comparison to the number of licensed
drivers. Interestingly, in our sample only 1% (or about 4 households) owned more vehicles than
licensed drivers. Cells higllnted in blue represent households in which fewer vehicles are
owned than licensed drivers. Within our sample, this accounts for 62% of our householgls. Cell
that have been left unshaded diagonadigresent cases in which there are an equal number of

vehicles to licensed drivers within a househaldhis totals to 37% in our sample.

Interpreation of these results indicatghat cyclists in our study experience a costs saving by
cycling. This is to say, by cycling, cyclists have an opportunity to deiver vehicles,
ultimately relucing household expenditures transportation The CAA estimates annual auto
ownership costs to be $7,450 (CAA, 2012).

Motivations and obstacles to cycling

In Chapter 2, the literature identified many comigocited motivatons for and obstacles to

cycling. The survey asked respondents to rank the relative importance of many of Ahese.
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discrete scale from 1 least importanti to 51 most importanti was used. To assess
importance, we computed the average score for eastfvation for and obstacle to cycling.

Results are illustrated in the following tables.

Table 7 Motivations for Cycling

Variable Importance
Improves health 4.24
Contribution to environment 4.05
Allows for recreation 3.56
Lower cost compared to other modes 3.49
Convenience compared to other modes 3.42

The strongest motivation for cycling is the health benefits attained, followed by environmental
implications. Interestingly, costs and convenience compared to other modeslsereited as
important This rankingmay arise because

1 Cycling is faster than walking;
1 Cycling has the ability to provide greater route choice and directness (building entrances
rather han parking facilities, use of trails and roadways) than by auto;
1 Urban trips lengths and speeds between auto and bicycle do not produce a significant
travel time saving, and hence are comparable; and
1 Cycling requires a lower capital and annual investraest for travel.
Given these results, itao be inferred that increased investments in cycling infrastructure to

improve convenience kiathe potential to accommodate a much larger share of travel.

It is also important to mderstand what limits cyclingctivity. By designing to eliminate
obstaclego cycling,we canbetterunderstad cycling behaviour and larger mode sha@n be
attaired To this endTable 8 reflects therelative strengtlof oftencited obstacles to cycling.
These factors should be noted as identified obstacles to current cyclists (gathered by our study),

and not those experienced by prospective cyclists.
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Table 8 Obstacles to Cycling

Variable Importance
Feels unsafe 3.85
High traffic volumes 3.79
Poor motorist behaviour 3.76
Many stops 3.76
Lack of bike parking 3.75
Poor weather 3.53
Poor road conditions 3.50
Travel time is long 2.96
Distance travelled is long 2.69
Route not scenic 2.25

Not surprisingly,the highestranked factors relate directtp safety and the interactiongth
motorists. Lower ranked variables such as route not scenic, and travel time and distance
suggests that cyclists choose their routes based on safety (their highest concern) and accept
longe travel times and distances for this trade dfecommendéons that may be drawinom

these resultsiclude:

1 Multimodal interaction training both for cyclists and motoristsUnderstanding travel
behaviours and movement patterftg each modg
1 Infrastucture investmestto improve cycling safety ororridors that experience high
traffic volumes and cycling activity; and
1 Maintenancei in terms of cycling facilities (qualityand operation and weather
considerationgdebris removal and maintenance)
As previouslymentionedthere exists a potential to utilizeese rankings asbstaclego cycling
whenassessing the relative importancevafiables in the development of mode choice models.
Specifically,thesedata can be useakthe calibration constasita; in the Bicycle Compatibility
equation (. 2) In Table9, a propose mapping dhe statedweighss to five BCI variablesare

put forth
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Table 9 Weighted BCI Variables

BCI Variables Study Variables Weight
85" percentile speed of| Feels unsafe 3.85
1
traffic Poor motorist behaviou 3.76

2 | Curb lane volume _ _
High traffic volumes 3.79

3 | Other lane volume

Presence of residential
4 _ Many stops 3.76
roadside development

Presence of a bicycle | Poor road conditions 3.50

lane or pavedhoulder | Lack of bike parking 3.75

Benefits of cycling to transportation network

As previouslydescribed households that have one or moggularcyclists have lower ratios of
vehicle ownership to licensed driversThe evidence previously presented also suggests that
househdts in this studyare notfinancially limited to cyclingas manyhouseholds have higher
than regional incomesMany chose to use this mode to deraeditional benefits in terms of
reducedhoushold expendituresmprovedhealth, andessenednvironmental impact.While

this analysis explains the benefits to cyclists, the presence of increased cyclingpatses the
functioning of the overall transportation networkTo demonstrate this pdinthe weekday

departure times of cycling trips are plotted in Figuse 2
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Figure 23 Weekday Departure Times

Two very strong peak periods exisReparture times for theyclistsin this study coincide with
theheaviestraveldemand periods the AM peak 7:00amto 9:00am) and the PM peak (B@n

to 6:00pm). These peak periods ofteaxperiencenigher volumes, angested traffic, delagnd
increased travel time. Thelationship between traveiolume and travel time is frequently
model ed using t he ABur eau o Figure?24)b & nocrlineBro a d s 0

relationshipwhere a small change in volume during peak periods, produces a sigreheaige
in total travel time

Atotal travel time ’

Travel time (min)

Free-flow travel time

- < Avehicular volume

Capacity Volume(veh / hr)

Figure 24 Bureau of Public Roads Function

The data in Figure 24 suggest tHatyclistswereto travel by auto in lieu of cyclinghe overall

transportation systerperformancewvould be negatively affectedThat is, by havingravelers

50



cycle ratherthan drive in peak periodssignificant travel time savirsgcan beattained by

motorists.

Cycl i stlematies avel a

One commonly cited obstacle to cycling is climate. The data gathered in this study suggest that
fewer people cycle in winter montlasd the trips made tend to be shorter in distance. These
observations imply that cyclists frequently require alternative transportation in periods when
weather or other impediments limit the ability to cycle. To understand how cyclists meet their
travel demands in periods when cycling is not feasible, agked cyclists to indicate the
percentage of trips they currently make by cychng d ot h e rs enacsidirepsriods iwith

cycling supportive weathéra nd f o ut 71 etien weatlaesi® likady tdissuade ogling.

The results are shown in Figuzb.

60%

50% +—

40% +—

30% +— In-Season
m Off-Season
20% +—
il r I I l:
0% T T T T T

Bike to work Bike to run vehicle  Passengerin Public Walk
errands vehicle transport

Figure 25 Seasonal Travel Variation

The differences in travel activity betweenseason and oeason are shown above, and results
suggest that cyclists are approximatedlf-aslikely to use their bicycles for work and errands
during the offseason. During winter periods, the majority of these trips are replaced by

increased auto and public transport ,usgth some growth in walking and as passenger in
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vehicles. This derease in ofseason cycling activity influences the overall transportation

network, as increased volumes and travels times are experienced by all motorized users.

Next cyclists were askeathich mode of travethey woulduseif cycling were not availableThese

results are shown iRigure26.

50%
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44%
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15%
10%
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Public transport New personal Existing personal CarShare/Car Walk Taxi
vehicle vehicle rental

Figure 26 Alternatives to Cycling

Interestingly, these results suggest that 49% of our cyclists (or approximately 200 cyclists) would
usea vehicle inthe absence of cycling.This result reinforces previoushevealedseasonal
behaviour whereoff-seasortravel shiftstowards motorized modesMoreover, these data also
reinforce the idea that in the absence of cycling, auto use would increase and system

performance would degia.

Increasingcycling attractiveness

It is important to identify Wwat steps can be taken to increase the attractiveness of ayithing
urban setting To better understandhese steps hazards and infrastructure utilization are
assessed.

Specifically

1 What are potential hazards to cyclists; and
1 How is travel behaviour and route choice affected by infrastructure
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Participantswere asked to flag hazards on their daily cychogrneysusing distributed GPS
loggers Figure27 below shows the distributiorf dazards per seasort can be noted that the
ratio of hazards to cyclistemains relatively constant throughout the seaswna per cyclist

basis However,trip lengths areshorter in offseason periods and, as a reshk, hazard rate per

unit of distancdraveled is slightlyhigheras shown in igure27.

2513
2500
7,600 kitravelled & 11,277 kntravelled & 12,653 kntravelled | 2,630kmtravelled &
0.072 hazards/km = 0.071 hazards/km = 0.073 hazards/km 0.086 hazards/km =
2000 : :
1500
1000 : : 930
: 804 :
552
500 H x : 415
: : 149 i 227
io128 : g
2 B BE R
0 : : :

Spring (Gp. 1 & 2 :.Summer (Gp.3,4&5 E Fall (Gp.6,7,8&9 E\Ninter (Gp. 10 & 11) E TOTAL (Gp. 1to 11

) Averagenumber of hazards per person = 6
# Cyclists m# Hazards Total distance travelled = 34,162 km

Figure 27 Number of Cyclists and Hazards Recorded per Season

Next, hazards pointwereextracted from the data, and spatially joined toap of the Regional

road and trail networkiFigure 28 illustrates the recorded hazards, and camtegpretedin the

following manner. For each segment of the network, unique coltepgt the number of
recorded hazards. As the number of hazards increase, road and trail segments are sorted into

bins, ranging from 0 hazards to over 15.
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Figure 28 Densty of Hazards on Shared Network

It should be noted, that someadsegmentgas illustrated in ArcGISare larger than others, and
as a result have been able to capture a greater number of hagardeell, in some instances
multiple hazardflags have bee recordedfor an individual hazard,as thishazardcould be

particularlydangerous oirequentlyexperienced

FromFigure28 we can note twonajorconcentrations of hazard3he first is the intersection of
Caroline and Erb Streein Waterloo. This intersection is located south of Waterloo Park (and
the Universities of Waterloo and Laurieidis part ofthe TransCanada Mtional Trail. This

intersectiorexperiences high atorists and cycling volumeand has been repeatedly fieg by
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cyclists as dangerousA plan and streetview are presentedFigure29. Note the complexity of
the left turn movement for northbound cyclists. Also note the presence of the rail tracks, which

extends the crossing distance for southbound cyclists

Hazards:

1. Oneway street
2. Irregular routes
(SB and NB)

3. Railway Tracks

4. Large intersection
5. Connectivity
6. Presence of
multiple parking lots

7. High volumes

Figure 29 Caroline and Erb Streets

Secondly, we notén the cente of the map(Figure 28)the Iron Hose Trailthat connects the
Cities of Waterloo and KitchenefFigure 30). This trail, which is @0 a part of the Trans
Canada MtionalTrail is highly used as a mixagse pat and allows regional residents to travel

amongst neighbouring municipalities

Hazards:

1. Abrupt street
crossingi
motorized traffic
and pedestrians
2. High volume
arterial traffic

3. Poor signage
4. Connectivity

5. Poor visibility

Figure 30Iron Horse Trail
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While the trail is designated to the controlled intersection to the northeast, the most direct path
for cyclists along this trail is to cross Victoria and Strange streetsbloatk. Anecdotal
observations suggest that agtd most often choose the most direct path. This situation reflects
an opportunity where investment in traffic calming and cycling supportive infrastructure may

increase cyclistsd safety.

Investigation also took plade examire if cyclists would travefurther to reach attractive (more
bikeable) infrastructure. Specifically, how far, and how long would cyclists travel out of their
way and why. Essentially,aimed to answelnowc y c | tiaweltbsla@iour and route abiceis
affected by infrastructure.

As discussed in the methods section, one impact of roadway network design is that with
curvilinear, discontinuous networks, cyclists are required to travel longer than necessary
distances to travel between origin angtdetion. Excess Travel (seguetions 4 and 5) defines

this distance relative to the x,y shortest path.

Excess travel was computed for aligin destination pairén the data set. In Figure 31, the
cumulative percentage of trips is plotted as a function of the excess travel.
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Figure 31 Change in Travel Distance

We can interpret thesdatain the following manner.Approximately 8% of origin destination

pairs are connected by a path along roadways and trails which exceed the X,y (Euclidean
distance) bydss than 10%. Similarly, 43% of OD pairs have road and trails paths that exceed
the minimum path by less than 20%. The data in Figure 31 show the impacts of trails on
reducing excess travel distand&/ith the addition of trail$ greaterintegrationandconnectivity

allows for reduced cycling distanceghere 85% of trips havexcesstravel (with trails)< 40%,

and 75% of trips havexcesdravel (roadway onlyx 40%

Next the ratio & the actual path taken (wittecreational tripgemoved was compared to the
shortest available path on the roadway with trails network. This was undertaken to observe how
far cyclists deviatdrom the shortesavailable path Essentiallythis metric calculatesbserved

amongst cyclists in the study
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Figure 32 Excess Travel Actual Path to Shortest path

These data reflect the dichotomy of cycling opportunities in the Region of Waterloo. For
approximately 33% of observed trips, the actual path taken exceeds the shortest patbsiiye p

less than 10%. This indicates that abewtf the trips in the study are made with very little
excess travel. Conversely, the data in Figuréen8itate that 20% of trips taken required more
than 40% excess travel. This suggests that neaofytrips taken were connecting origin

destination pairs via a path requiring significant excess travel. Presumably, this excess travel
reflects a cyclistds wish to travel on a path
To further understandhe impacts of roadway network design and built form on excess travel,

the land use characteristics of TAZs containing low and high excess toagsh and
destinatios were analyzed.Trips with low excess travel tymatly began or finished in a zone

with roadway patterns or land uses that mm@re supportive ofbicycle travel left-hand side of

Figure33). In contrasttrips with a high excess travel rate were found to Heagein or finished

in a zone considered unfriendly for bicycle travelft-hand side of Figura3).
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Figure 33 TAZs with Low (left) and High (right) Excess Travel

Graphically, we are able to see that infrastructure characteristics of these twe zanye
significantly. Zones with low excess trav@&lpprt cycling with more traditional grigattern
layouts, and increased bicycle facilities. Zones, such as that on the right of3J3ghaee been
planned in a more contemporary layout, wheredetgac neighbourhoods are surrounded by

high volume arteria.

Given this,it may be derived that bikeability &ronglycorrelated with cycling activity.This
relationship shows a positivessociation, where more bicycle friendhfrastructure results in
increased cycling activity.lt can be interpreted that cyclists are willing to increase their travel
times to reach more bicycle friendly infrastructure, andngyaasg bikeability, we canshorten

travel times, ultimately reducingay c | i sttev@l. cost of

Maximizing the vaue of the data

In order to maximize the value of the data, a database is proposed and encompasses two distinct
sections.
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1. An Access database which stores demographic and cyclist level statistics;
2. AGeodatabase wi t h 3 feature classes) which store

Softwarerequirementgor this database include;

1. Microsoft Acces20072010
2. ArcGIS 10

Section 1:Access Database

Survey data and basic trip information collected from each paatitiwas stored in a
comprehensive database, built in Microsoft Access. This database was developed to enable an
individual t o s e a foanationf baged on y mlimber taisgdy andrGPs k i n

combinationsEigure34), including:

Generakharacteristics;

Driver characteristics;

Trip information;

Cyclist characteristics;

Cycling initiative preferences;
And purchases and maintenance.

> > >

Results that mated the specified criteria of the quewereexported to a text file. The content

of the tet file wasused to display the tracks of the particular cyclist(s) in ArcGlIS.

The following steps outlircethe procedure to complete a query:

Open"GPS Cycling Studydatabase in Microsoft Acce20072010.

Open theiQuery Search Form .

Select the desed search criteria and specify the value of each criterion.

Click ARurd Query to search database.

Click ASave Resuligo save the query to a text file (insert desired query output name).

arwnE

The text filewassaved in the same folder as the Access datgaskeon the clipboard)nder

the desired query name.
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Figure 34 Microsoft Access Database
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Section 2:ArcGIS GeoDatabase

Given the exportedext file from the Access database, queried data can be illustrated and spatial
analysis can be conducted in ArcGIS 10.

First, within ArcGIS, load the Geodatabase;
Feature classes:
1. Polylines of Trips
2. Origin and Destination Points
3. Hazards
And any additional ayer s ( Roads, TAZs, etcé)
In the selected Feature Class, riglitk, and undeft Pr o p g rDtéif @ snd t i copy ang paste y o

the Text Fileoutput from AccesgFigure35).

|

& @ - Jd=2E&
Leua ] - Hd A &S0 R QAQANTOGEBIBIRONLL S 5T

DQuery Builder,

ok | Cancel Apply

Figure 35 Properties & Definition Query

Sample Text File output for Al nvolved in Colli:
Query:

"Track_ID__Group Unit__ "IN
('5,46','5,94','7,57','7,60','7,80','7,96','8,7','8,23','8,32','8,35','8,46','8,47','9,93")

This will display only those units i{ps, origins & destinations, and/dnazards’ depending on which
Feature Class was/were selected) that match the queried ¢figtiee 36)
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Figure 36 Queried Data

Given this selection, a report can be requested by ArcGIS to summarize unit level statistics (under
Attribute Table). The selection can also be exported as a new layer, where further investigation can be

conducted based on individual tracks within thesteld units.

Developing a generalized cost function for cycling

Utility theory fiis an economic concept that attempts to measuretility [satisfaction] derived from

a good or serviceé [and] ranks al t erer@@usineses i n
Dictionary, 2012). In transportation planning, the concept of utility is translated into generalized costs

T a combination of time, convenience and out of pocket expenses. Travelers select the destination,
mode and path that minimize theergeralized costs for a given trip.

Mode choice models assess the probability of choosing a mode for a given OD pair based on a
comparison of generalized costs of competing modes.

For auto and transit, generalized cost models are well defifigghation (6) presents a&common

example ofa generalized costodelfor transit
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"00 8 0"Y® W'Y & VWl "YQni Q (6)
Where:

"O06= generalized cost of a trip by transit,
8 = relatve importance of the component,
AT = access time to the line (min),
WT = waiting time, modeled as half the headway for short headways (min),
IVT = in-vehicle time (min),
VOT = value of time (dollars per minutgnd
fare = transit fare (dollars).
(Casello, Nour, and Hellinga, 2009)

In the case of bicycling, there exists no widely adogederalized cosinodel. However, our data
(and previous research) suggest that a travele
variables, including: length of a trip; changes in elevatspeed of adjacent vehicular travel; volume

of adjacent vehicular travel; presence (or absence) of bicycling facilitie®goncycling lane or off

road path); the nature of the roadway (commercial or residential); the presence (or absence) of on
street-parking; and others.

In order to generate a meaningful generalized cost formulation, it is necessary to understand the
relative importance of each of these componérgsnilar to the? values shown in Equation 6T'he

method by which these weighdase typically estimated is by presenting travelers alternative paths with
different characteristics. The traveler then identifies the preferred path amongst the alternatives
provided. With sufficient observations, the relative importance of each pathonentpcan be
quantitatively determined using logistic regression.

Data collectedn our researchinclude actual pathgor over 4,800 origin and destination pairs. Once
recreational trips are excluded, it is possible to interpret the observed paths as the lowest generalized
cost paths. ittle is known howeverabout alternativesot chosen by the cyclist$n order todevelop

and calibrate a generalized cost model for cyclitngre is a need tautomate the generation of
alternativepaths, and their characteristics, that were not chosen by cyclists such that the attributes of
the lowest generalized cost paths (obsgp&ths)an be compare the alternatives

In this research, two paths were previously identified for each OD pair: the shortest path along the
roadway and the shortest path along tlfagveay and trails. Thus, for any trip where the observed path

is na one of these shortest path, data exist on both the observed (selected) and two alternatives (not

selected paths).
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For each observed and alternative path, information on each segment of the path can be extracted.
Through use ofegionaly developed GIS Igers, specific data relating tength, elevation, travel
properties (posted speed, vehicle volumes, number of lanes), and presence of cycling infrastructure
(trail, bike lane, etc.gan beextracted for all linksegments (see Figure 37ach path is coprised of

common (shared) and unique segments that make up their route. A composite path parameter can be
estimated by using a weighted average (by length of segment) over all segments on that path. The
differences in characteristics of each of thesagaan be converted through logistic regression to the
weighting of attributes that make up cyclistsé

output for the segments and paths shown in Figure 37.

Shortest path roadway

Shortest path /ﬁi Destination

roadway and trails

Observed path

Figure 37 Cycling M ode Choice Alternatives
Table 10 Comparison of Segment Characteristics
Variables Shortest path roadway| Shortest path roadway & trails Observed path
Presence of a bike lan| 20% 45% 95%
Posted speed limit 80km/hr 50km/hr 50km/hr
Length 7 km 6.8km 9km
Traffic Volume 800veh/hr 400 veh/hr 525veh/hr
Number of lanes 1.8 1.6 1
Total # of Segments | 7 6 9

Based on the final segments highlighted in Figure 37, regression analysis candoget@nmine the

coefficients of a cyclingeneralized cost model of the farm

06 8 AQHJQB I NQPQLEAORQUWQRGE D £ O G B OE QIi(7)
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Chapter 6
FUTURE CONSIDERATIONS

Results discussed in this thesis have provided direction on future policiesnanfigiecycling
legislation, transit, and future growth management within the Region of Waterloo. Specifically,
findings have allowed transportation professional to better predict and plan for transportation demand

management strategies.

In summarizing te analysis presented in this thesis, five key findings can be extracted. First, our data
suggests that cyclists are above average earners, and choose to cycle for health benefits, not becaus
they are limited to cycling by income. Secondly, by cyclingudeholds are able to own fewer
vehicles than licensed drivers, allowing for reduced household expenditures. Third, data suggest that
many trips made by cyclists are commute based, and in removing these travelers from the motorized
network during peak perds, the overall transportation system performance is improved. Fourth, with

the introduction of trails to a network, greater connectivity and directness of route allow for decreased
travel times for cyclists, and increased safety as interactions witbrizest modes are decreased.
Finally, in assessing route choice behaviour, we were able to identify that cyclists are willing to
increase their Excess Travel (deviation from the shortest available path) to reach more bicycle friendly

infrastructure.

Given theseresults, a better understanding of who cyclists are, where they travel to, and their relative
motivations and obstacles to cycling will give way to improved planning and engineering initiatives
catered to cyclists. Inclusive to thihe recent aproval of Transit (LRT)and adapted Bus Rapid
Transit (aBRT) system along the centtednsit corridor of the Region has generatedreased
investment and policy programming in the development of a multimodal network aimed at

complementing modes, and ieasing system performance.
The work presented in this thesis has been based on primary data collected in a yearlong cycling study

in the Region of Waterloo. As may be gathered, there gzaidarge potential with the data that has

been made available by this studyuture considerations on expanding on the develspredture for
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a cyclinggeneralized cost model, and greater assessment of demographic proélaton tocycling

activity are among possible areas thauld thrive well with added attention.

With consideration on future population growth and increased vehicle ownership, thespnake
contemporary cities continues to chandgmproved transportation options, lande maagementand
accessibility areessential Transportation Demand Management (TDM) and the promotion of Active
Transportation provide innovative approaches in the development of efficient, balanced, multimodal

transportation networks and need to be supp@sede move forwards.

In the words ofAlbert Einstein,flife is like riding a bicycle. To keep your balance you must keep

movingp.
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Appendix A

Data Sample

Group 11, Unit 53, Track 1

o ) H L JS T s Unit 53_Participant 483.xls [Compatibility Mode] - Microsoft Excel - =
‘ Hume_l Insert Page Layout Formulas Data Review View @ - o X
Iﬂj ?’ Eut Calibri 11 - |A‘ A" S Wrap Text General - ﬁ g E- E( @ ki ﬁ ﬁ
I 53 Copy @ Fill ~ X
P romat panter | B4 0] Efverge s center~ 8 7 % 2 || A - s | o et T Gk e S
Clipboard & Font LF] Alignment = Number = Styles Cells Editing |
\ Ta4 - £ 8
A B [« D E F G 1 J K L M N o] B a R 5 L
1|ID Track# Date Date Start TimeLat Long Altm Speed km Distance
2 1 1 2/3/2011 13:05:01 2/3/2011 $:05:01 43.45925 N -80.5268 £ 339.5762 9
3 2 1 2/3/2011 130506 2/3/2011 &05:06 43.45937 N -80.5267 £ 326.304 15 0.018623
4 3 1 2/3/2011 13:05:11 2/3/2011 &05:11 43.45952 N -80.5265 £ 318.5003 15 0.023089
5 4 1 2/3/2011 13:05:16 2/3/2011 43.45964 N -80.5263 E 305.8256 17 0.021762
6 5 1 2/3/2011 13:05:21 2/3/2011 43.45979 N -80.526 £ 298.233 17 0.025465
7 & 1 2/3/2011 13:05:26 2/3/2011 43.4599 N -80.5258 E 284.7511 14 0.020657
8 7 1 2/3/2011 13:05:31 2/3/2011 43.46003 N -80.5257 E 263.6248 11 0.01896
9 8 1 2/3/2011 13:05:36 2/3/2011 43.46016 N -80.5254 £ 269.5582 13 0.02267
10 E] 1 2/3/2011 13:05:41 2/3/2011 43.46031 N -80.5252 E 277.5272 16 0.025037
11 10 1 2/3/2011 13:05:46 2/3/2011 43.46045 N -80.525 E 276.2942 14 0.023499
12 11 1 2/3/2011 1305:51 2/3/2011 43.46055 N -80.5249 £ 257.1051 9 0.014915
13 12 1 2/3/2011 13:05:56 2/3/2011 43.46071 N -80.5247 E 260.385 12 0.022901
14 13 1 2/3/2011 13:06:01 2/3/2011 43.46085 N -80.5245 E 244.6082 15 0.02286
15 14 1 2/3/2011 13:06:06 2/3/2011 43.46098 N -80.5243 £ 230.0535 16 0.023842
16 15 1 2/3/2011 13 2/3/2011 43.46112 N -80.5239 £ 232.6759 18 0.030864
17 16 1 2/3/2011 13 2/3/2011 43.46128 N -80.5236 £ 255.4931 20 0.034911
18 17 1 2/3/2011 13 2/3/2011 43.46142 N -80.5232 € 274.5126 16 0.030643
19 18 1 2/3/2011 13 2/3/2011 43.46147 N -80.523 £ 278.137 6 0.015732
20 19 1 2/3/2011 13 2/3/2011 43.46148 N -80.5229 £ 287.0109 0 0.009282
21 20 1 2/3/2011 13 2/3/2011 43.46145 N -80.5229 £ 285.8572 9 0.003351
22 21 1 2/3/2011 13:06:41 2/3/2011 43.46126 N -80.5227 £ 288.6855 19 0.026159
23 22 1 2/3/2011 13:06:46 2/3/2011 43.46105 N -80.5225 £ 289.2576 15 0.027987
24 23 1 2/3/2011 13:06:51 2/3/2011 43451 N -80.5224 E 285.2792 0 0.009105
25 24 1 2/3/2011 13:06:56 2/3/2011 43.46098 N -80.5224 E 287.1891 0 0.004023
26 25 1 2/3/2011 1307:01 2/3/2011 43.46099 N -80.5224 £ 290.6846 0 0.000346
27 26 1 2/3/2011 13:07:06 2/3/2011 43.46097 N -80.5224 E 295.7595 0 0.002119
28 27 1 2/3/2011 13:07:11 2/3/2011 43.46097 N -80.5224 E 299.1635 0 0.001519
29 28 1 2/3/2011 13:07:16 2/3/2011 43.46097 N -80.5224 £ 297.6402 0 0.000815
30 29 1 2/3/2011 13:07:21 2/3/2011 43.46097 N -80.5224 £ 296.2364 0 0.000196
31 30 1 2/3/2011 13:07:26 2/3/2011 43.46097 N -80.5224|E 296.2364 0 0
32 31 1 2/3/2011 13:07:31 2/3/2011 43.46097 N -80.5224 £ 294.7131 0 0.000815
33 32 1 2/3/2011 13:07:36 2/3/2011 43.46097 N -80.5224 £ 294.7131 ] 0
34 33 1 2/3/2011 13:07:41 2/3/2011 43.46097 N -30.5224 £ 294.7131 2 0
35 34 1 2/3/2011 13:07:46 2/3/2011 43.46096 N -80.5224 £ 294.1447 3 0.001315
36 35 1 2/3/2011 13:07:51 2/3/2011 43.46093 N -80.5223 £ 293.7533 9 0.008549
37 36 1 2/3/2011 13:07:56 2/3/2011 43.46105 N -80.5221 £ 291.7418 16 0.021367
38 37 1 2/3/2011 13:08:01 2/3/2011 43.46122 N -80.5219 £ 294.2784 16 0.024714
39 33 1 2/3/2011 13:08:06 2/3/2011 43.4614 N -80.5217 € 297.8615 18 0.027
40 39 1 2/3/2011 13:08:11 2/3/2011 43.46155 N -80.5215 E 302.2155 10 0.020146
41 40 1 2/3/2011 13:08:16 2/3/2011 4346161 N -80.5215 E 306.5256 0 0.007281
42 a1 1 2/3/2011 13:08:21 2/3/2011 43.45158 N -80.5215 E 305.1779 0 0.002896
13 42 1 2/3/2011 13:08:26 2/3/2011 4346156 N -80.5215 E 306.7574 0 0.002931
a1 a3 1 2/3/2011 13 2/3/2011 43.46156 N -80.5215 303.9498 1 0.000323
45 a4 1 2/3/2011 13 2/3/2011 43.45158 N -80.5215 E 301.2056 9 0.003024
46 45 1 2/3/2011 13 2/3/2011 4346174 N -80.5213 E 294.3013 16 0.021852
47 46 1 2/3f2011 13 2/3/2011 43.4619 N -80.5211 € 284.948 17 0.023588
48 47 1 2/3/2011 13 2/3/2011 43.46208 N -80.5209 E 278.2269 15 0.025342
49 48 1 2/3/2011 13 2/3/2011 43.46227 N -80.5209 E 276.6415 10 0.021296
50 43 1 2/3/2011 13:09:01 2/3/2011 43.46232 N -80.5209 E 277.5745 0 0.006505
51 50 1 2/3/2011 13:09:06 2/3/2011 43.46238 N -80.5209 E 281.1969 0 0.006652
52 51 1 2/3/2011 13:09:11 2/3/2011 43.46239 N -80.5209 £ 279.6455 2 0.001583
53 52 1 2/3/2011 13:09:16 2/3/2011 4346233 N -80.5209 E 279.6455 1 0
54 53 2 2/3/2011 17:07:37 2/3/2011 43.45962 N -80.5284 E 279.0389 0 0.68214
55 54 2 2/3/2011 17:07:42 2/3/2011 43.45962 N -80.5284 E 279.0389 0 o
56 35 2 2/3/2011 17:07:47 2/3/2011 12:07:47 43.45962 N -80.5284 E 279.0389 0 0
4 v Alibets 7 Uriats | 3-3-2011 ¢ 2011 . 29 R00L - 3-T0201L. /0D Ponts o GIS-AMWDPesk | GIS-PMWDPeak . GIS-WD OffFesk  GIS - Weekend
Ready
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Unit Statstic: Group 11, Unit 53, All Tracks

@' Unit 53_Participant 483.x1s [Compatibility Mode] - Microsoft Excel -gXx
Z | Home | mset  Pagetayout Data  Review  View @ - =7 x
1 & cut B = ﬁ @ o ;‘ FEEH | E AutoSum v [ﬁ
S Copy -8 o 3 Fin-
PR Fomatpater | [ B2 1| [ ] Eometing =L o~ st || o e | Gamr s oheetr
Clipboard IF| Font (] Alignment Number Styles Cells Editing
[ wag ge fe | ¥
A 8 | D] E G H 1 f K L N | o [ e [ a | & s | 1t [ u ] i
1 [Trip Stats Date Stats Speed Distribution Departure Time Distribution (Weekday) Departure Time Distribution (Weekend)
TTrip Ed Distance TAvg Speed Max Speed Date #of Trips Distance Travelled Speed Inte# of Point: % of Points Hour #of Trips % of Trips Hour #of Trips % of Trips
T 1 071111 848077 0 0-75 7320 538343 Oam - lanm 1 115 Oam - 1am 0
T 2 158486 0.84 0 2/3/2011 2 230607 75-15 216 12.77065 1lam-Zam 0 1lam-2am 0
T 3 036857 409615 21 2/8/2011 2 139736 15-22.5 221 1.83479 2am - 3am Zam - 3am o
E 4 102878 0.80809 14 2/9/2011 3 12.2616 2121.5-30 31 0.39764 Jam-4am o 3am-4am o
7 5 016848 3.7931 27 T 1 0489457 30-37.5 8 0.10262 4am-5am o 4am-5am o
8 6 614633 13159 1 37.5-43 0 Sam-Gam 0 Sam-Bam 0
9] 7 048457 0.0002 1 Avg 1353333 1743127 43-52.5 0 Gam-Tam 0 Gam-7am 0
iAngMax 150183 4.46833 27 52.5-60 0 7am - 8am 0 7am - 8am 0
1 60-67.5 o 8am - 9an 3 375 8am - 9am o
Y 67.5-75 o 0 Sam - 10am 0 Sam - 10am 0
E Total 4 of 77986 10am- 11am 0 10am - 11am 0
(14 11am- 12pm 0 11am-12pm 0
i 12pm-1p 2 25 12pm-1pm 0
16| % of Dats Removed ipm-Zpm 0 1pm-2pm 0
i 0.59926 2pm - 3pn 1 125 2pm - 3pm 0
i 3pm - 4pm 0 3pm - 4pm 0
i 4pm - 5pm 0 4pm - S5pm 0
20 Spm - 6pm ] Spm - 6pm 0
T &pm - 7pm ] Bpm - 7pm 0
22| 7pm - 8pm 0 7pm-8pm o
o3| Spm - Spm 0 Epm - Spm 0
Taa | Spm - 10p 1 125 9pm - 10pm o
25| 10pm - 11pm 0 20pm - 11pm 0
ﬂ 1ipm- 12am o 1ipm-12 [} 0
27| Total # of 8 Total % of o
28|
29
30
31
32|
33|
34|
|
36
37
38|
39
40
4
T4z
43|

4+ M| AlDats | UnitStats ~ 2-3-2011  2-8-2011 - 2-9-2011 .~ 2-10-2011 ,~ ODPonts .~ GIS-AMWDPesk -~ GIS -PM WD Pesk .~ GIS - WD OF [

Ready |
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Appendix B

Raw Survey

Survey Participant: Return Date: Unit #

NOTE: All information collected in this survey is confidential and the identity of the respondents will not be revealed.

You may decline to answer any questiofleasecircle your answer(s) to the following.

A. Respondent information:

1. Whatis your gender:
a. Female b. Male c. Other

2. What is your age:

O OO0 oW
abh wnN -

a. Under 12
b. 12¢18
c. 19¢30
d. 31¢40
e. 41¢50
f. 51¢60 6. For your regular irseason travel, what percent of
g. Over 60 one-way trips use these modes:
__ Bike to commute
3. Please indicate all the sources where you heard ___Bike to run errands, see friends, etc.

about the project:

~ Word of Mouth ___ Drive a vehicle

___Passenger in a vehicle

___Emall

___Public transport
__Newspaper
__ Other: — Walk

7. For your regular ofseason travel (winter), what
percent of the oneway trips use thesenodes:
__ Bike to commute

4. Please estimate your gross annual income:
a. Lessthan $24,999

Over $150,000
Decline to answer

b. $25,000- $49,999

c. $50,000- $74,999 __Bike to run errands, see friends, etc.
d. $75,000- $99,999 Drive a vehicle

e. $100,000 $124,999 —

f.  $125,000- $149,999 ___Passenger in a vehicle

g.

h.

___Public transport
___Walk

5. Please indicate the number of people earning a
stable annual income in your household:
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8. If you were not able to ride your bike for an
extended period of time, what mode of
transportation would you use?

a. Public transport

b. New personal vehicle

c. Used personal vehicle

d. CarShare/Car rental
e. Walk
f. Taxi
g. Other:

9. Do you have a valid drivers licence?
a. Yes
b. No

10. How many licensed drivers are in your household?

a. 0
b. 1
c. 2
d. 3+

11. How many vehicles are ownex leased in your

household?
a. 0
b. 1
c. 2
d. 3+

B. Please rate the following questions based on your regular cycling route:

12. Do you use bike racks on buses? Times per week
Never P 3 5-6 74
13. How satisfied are you with your regular cycling route Not Satisfied Very Satisfied
(route you take most often)? 1 > 3 7 5
14. How do you rate your cycling skill level? Novice Expert
1 2 3 4 5
15. How often do you wear a helmethen riding your Never Always
bicycle? 1 > 3 7 5
C. Please evaluate the following based on your regular cycling routine:
16. Reasons for cycling: N/A Least Important Most Important
a. Health/fitness 0 1 2 3 4 5
b. Recreation 0 1 2 3 4 5
c. Low Cost 0 1 2 3 4 5
d. Help Environment 0 1 2 3 4 5
e. More Convenient 0 1 2 3 4 5
17. How you choose your regular cycling route: N/A Least Important Most Important
a. Shortest by distance 0 1 2 3 4 5
b. Shortest by time 0 1 2 3 4 5
c. Low amount of traffic 0 1 2 3 4 5
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d. Feels safe

e. Route is scenic

f. Best road conditions

g. Fewest stops

o| O] ol ©

I I
NN NN

Wl W Wl w

E =
o o o ;o

18.

Discouragements from cycling:

N/A

Least Important

Most Important

Distance travelled is long

1 2

5

o &

Time travelled is long

Highamount of traffic

al o

Feels unsafe

Route is not scenic

o

—h

Poor road conditions

Many stops

7|«

Lack of bike parking

i. Poor motorist behaviour

j. Poor weather

ol Ol Ol ol o] o] o] o] o| ©

S =Y BT B N R SN SN
NN N NN NN NN

W| W Wl W W W W w w w

E T B I B S B~ B B I N
o o o o g1l o g a| O

D. Evaluate your top five of the following safety hazards:

N/A

Not a Hazard

Serious Hazarg

19.

Not being seen by cars at night

(&)

20.

Not being seen by cars at dawn / dusk

21.

Opening of parked car doors

22.

Cars passing too close

23.

Cars passing at high speeds

24,

Cars with distracted drivers

25.

Cars making right turns in front of you

26.

Oncoming cars making left turns

27.

Poorly maintained roads

28.

Other cyclists not obeyingaffic laws

29.

Poor weather conditions

ol O O O] O] O] ©o|] ol ol o| o

Rl R R R R R R R R R e
NN NN N NN N N NN

Wl W W W W W W W W w w

E N N N R I I I I
o o o o g o] o o o ;o

E.

Please answer the following based on your regular cycling routine:

30. Do you frequently carry a cell phone or other communication device when cycling?

Yes No

31

. Do you frequently carry aemergency bicycle tool kit when cycling?

Yes No
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32. Do you frequently carry a device capable of recording your position via GPS? Yes | No
33.52 @&2dz KI¥S |+ @FftAR RNAOSNDa fAOSyasSkK Yes | No
34. If a shower were available at or near your workplace, would you use it? Yes | No
35. If a locker were available at or near your workplace, would you use it? Yes | No
36. If a better network of cycling infrastructure was put in place, would you cycle more? Yes | No
37. Would you consider purchasing an electric bicycle? Yes | No
38. In the past 5/ears, have you had a bicycle stolen? Yes | No
39. In the past 5 years, have you had a collision while riding your bicycle? Yes | No
40. Have you had any formal bicycle riding training? Yes | No
41. Does your regular cycling route change based on the seasons? Yes | No
G. Cycling investments

42. How much money did you spend in the past year on 43. If purchasing aew bicycle, how much would you

maintenance, accessories, clothing, etc. for your

bike (not including a new bike) a. $0-%$200
a. $0 b. $201-%400
b. $0.01-$74 c. $401-$600
c. $75-%$149 d. $601-$800
d. $150-%$224 e. $801-$1000
e. $225-3%299 f.  $1001-$1200
f.  $300-$374 g. $1201 +
g. $375+
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H. Estimating the monetary value of cycling:

44, . A0 0fS aKFENAY3I LINPINIFYaAa FINB SYSNHAYy3I 62NX R6ARSO az)
/ month, $78 / year, and typically operates between 3000 and 5000 bikes. If such a program were
deployed, would use it? a. Yes b. No

45. Ifyouad s SNBR &, Sa¢ (2 GKS LINBGA2dza jdzSadGAz2ys F2N 6KI G L

B

I. Identifying Bikeway Infrastructure Priorities

Using the cycling improvements list below, please precisely identify locations in Waterloo Region where you

think each improvement or infrastructure type is needed.

Improvements Locations

OnRoad Bike Lanes

Multi-UsePaths/Trails

Dedicated Bike Paths

Bicycle Boulevards

Increased Lighting

Increased Signage

Surface Maintenance
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Increased Summer Debris

Removal

Increased Winter Snow

Clearing

Bike Racks

SecureBike Compound

Showers/Lockers

K. General comments including: cycling in Waterloo Region, specific problem roads
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Appendix C
Seasonal Hazards

Harzard - Densities

Spring 2010 - March 8th to April 30th
\
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Harzard - Densities
Summer 2010 - July 15th to Sept 10th
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