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Abstract

Many Autonomous VehicleAV) researchers have done surveys and interviews to assess
GKS NBflFIGA2YAKALA 0S06SSy a2YS LRLiz I GA2y 2N
adopt private AVs PAV$ and shared AVsSAVE Their findings provide clues on wherethe
urbanarea,there exists higher or lower PAV or SAV adoption potential. However, no scholar has
created a model to index or score the PAV and SAV adoption potantamap it br a region
This thesisaddresses these gaps. Through the literature review, variables that are strongly
associated with a PAV or SAV adoption, and their index weights are idenfified, using
ArcMap 10.5.1the PAV and SAV adoption potential is mapped at the census tract level in
the study area: the Greater Toronto and Hamilton Area (GTHA). Findings are then generated to
inform planning and policy development.

Some highlights of the findings are as followsst, The areas with high PAV adoption
potential tends to be in the inner suburb, while the areas with low PAV adoption potential are
often in the central city (T@nto). All of the areas witlmigh SAV adoption potential are in the
central city (Toronto), and most of the areas with low SAV #doppotential are in the outer
suburb.Second, each of the four types of areas has sepexial land use characteristics. Third,
in the parkandride and kissand-ride service areas of the GO train stations in the Gov&kall
there is discernably lowdPAV adoption potential, and obviously higher SAV adoption potential.
However, he overall potential of PAV and SAV adoption varies from line to line, and from station
to station.Last but not least, changing the price of SAVs would unlikely change thand/SAV
adoption potential in an area.

All of the findingexpandthe understanding of planners and policy makerglentifying
areas with high or low PAV or SAV adoption potentaowing theselocations and the
characteristics would help plannersc policy makersleveloptheir plans and policies on PAVs
and SAVsThe findings on the GO train services provide some background knowledge for
Metrolinx staff to prepare a redesign of its parking spaces for GO train passengetbearse

of SAVs to hels passengers to access its GO train stations.
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Chapter 1: Introduction

1.1 Brief Introduction to Autonomous Vehicles
Major automobile companies such as Mercedienz, BMW, and Toyotfsave stated

selling private vehiclewith certain automated functions, such as automatic lane positioning,
automatic braking, and adaptive cruise control. According to the six levels of vehicle automation
proposed by SAE International (2017), most of ¢hes available for sale ahe market today

have a levell or level2 automation.

Tablel.1 Levels of Vehicle Automation

No
Automation

1 Driver
Assistance

Partial
Automation

Conditional
Automation

High
Automation

Full
Automation

the full-time performance by the human driver of all
aspects of the dynamic driving task, even when enhanced
by waming or intervention systems

the driving mode-specific execution by a driver assistance

systemn of either steering or acceleration/deceleration using

information about the driving environment and with the
expectation that the human driver perform all remaining
aspects of the dynamic driving task

the driving mode-specific execution by one or more driver
assistance systems of both steering and acceleration/
deceleration using information about the driving
environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving
task

the driving mode-specific performance by an aufomated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriately to a request fo infervene

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task,
even if a human driver does not respond appropriately to a
request to intervene

the full-time performance by an automated driving system
of all aspects of the dynamic driving task under all roadway
and environmental conditions that can be managed by a
human driver

Human driver

Human driver
and system

System

System

System

Human driver

Human driver

Human driver

System

System

Executlon of Fallback System
Monftoring
SAE Steering and Performance | Capabllity
level [ Name Narrative Definition Acceleration/ E:L?;:::‘gnt of Dynamic |  (Driving
Deceleration Driving Task Modes)
Human driver monitors the driving environment

Human driver

Human driver

Human driver

Automated driving system (“system”) monitors the driving environment _ _

Human driver

System

System

Some driving
modes

Some driving
modes

Some driving

modes

Some driving
modes

All driving
modes

Source: SAE International (2017), p. 2.

Talking of vehicle automation, it is necessary to distinguish two terms: automated

vehicks, and autonomous vehicles (@VAutomated vehicles would require human efforts



during operation despite some autonomous functions (Woudsma & Braun, 2017). Thus, the
levels of automation of automated vehicles are at levels 1 to 4. Autonomous vehiciesy st
speaking, have a lev8l automation, whereas many articles and reports include ldvel
automated vehicles in the conceps of autonomous vehicles due to their very high level of

automation(see Table.1). This common inclusion would be used irsthiesis

1.2 Government Preparation for Autonomous Vehicles

With the development of autonomous vehicle (AV) technology, we anticiseténg
more vehicles of higher levels3 (to 5) of automation in the neafuture. Thus, Canadian
governments of all leus are starting to prepare themselves for an-édninant future. On
behalf of the Canadian federal government and several Canadian provincial governments
(Ontario, New Brunswick, Quebec, Alberta, and British Columbia), the Policy and Planning
Support Comntiee Working Group on Connected and Automated Vehicles (20a&o known
as the PPSC Working Group on Connected and Automated Vehistespublished a report
namedThe Futuref Automated Vehicles in Canadéis r@ort providesguidance for the fedela
and provincial governments to prepartor AV adoption. Particularly, it provides many
suggestions on what the federal and provincial governments should consider in terms of
legislation and policy making.

Before the publication of the report, Ontario hatteady been the first Canadian province
to permit AV onrroad testing in 2016 (Ontario Centres of Excellence, 2018). In the same year,
Ontario also became the first Canadian province to create a pilot regulation for AVs: Autonomous
Vehicle Pilot Regulatin 306/15 (Parks, 2018The Government of Ontario, 2045 Under the
influence of this regulation, the Municipal Alliance for Connected and Autonomous Vehicles in
Ontario (2018) was initiated by th@ntario Good Roads Associatidnhas goals of creatindne
g2NI RQa TF-wieBAY testiyReddridgf @l road network, facilitating the learning and
cooperation of all Ontao municipalities in AV programs, attracting auto companies and AV
technology developers to Ontario, and making Ontario a worldldean AV innovation and
adoption Although there has been no legislation to boost these purposes, the Ontario

government has shown support and enthusiasm for AV adoption.



Efforts to prepardor AV adoption at the local municipal level in the Greater Titw@and
Hamilton Area (the GTHA) are limitddonethelesssome preliminary works have been done by
the City ofToronto, the Region ofPee] the City ofHamilton, YorkRegion andthe City of
Brampton (Sample works see Transit Council of Chairs Commitfethe Council of the
Corporation of the City of Brampton, 2018; Werner, 2018; The City of Torontoa, 208 City
of Toronto, 2018bRegion of Peel, 2017; York Region, 20I6Bgse preliminary works are the
first steps for thdocalgovernments in the GTAdto plan for an Adominant future.
There are two government actions in the GTHA wadnitphlightingfor this thesis.Frst,
GKS [/ AGe 2F ¢2NRPyG2Qa ¢NIYaLR2NIFGA2Y { SNIBAOSa
University, ancompletedan AV consmer survey(Olsenret al, 2018; Laidlavet al, 2018) After
the originalsurvey their subsequent analyses focus:on
9 scenarios under which consumers would adpptate autonomous vehicle®AV¥and
shared autonomous vehicleSAV}
T OKIy3aSa ardvel haSa¥iads afte® their adoptions of PAVs and SAVs,
T FILOG2NR GKIFG Ay Tt dzSy oAV ads sAVbdd@idns, RREOA A A2y Y
1 theroles of planners and policy makers in PAV and SAV adoptions.
Second, elightened by the survey results, the Divisiand Metrolinx cooperated with
Leah Birnbaum Consulting and Ryerson University, and hosted 5 focus group workshops
(Bimbaumet al, 2018. Almost all of the workshop participants were interested in AVs. Later,
the Division and Metrolinx funded Leah Bieli Consulting and Ryerson University to write a
report on the workshops, so as to understand the following:
1 reasons why many people are interested@AVs and SAVs
9 publicreaction toPAVs and SAVs as two types of future common transportaptions,
and
1 expectations of the public on the policies for AV adoption and operation.
As a public transiigency of the Government of Ontario, Metrolialsohas an interest in
understanding the impacts of AVs on public transit, especially its regional transiteserin
addition, Metrolinx would like to know how the adoption of AVs would change the parking

demandat its GO stations. Moreover, Metrolinx wants to know the feasibility of uSAY <o



increase its ridershigzurthermore, Metrolinx hopsto find where locate the people who would
be more willing to use PAVs, and where locate the people who would be more willing to use SAVSs.
Therefore, Metrolinx has realized the necessity of knowing more about AVs before coming up

with some strategies to aqhd its transt services to the future generaldoption of AVs.

1.3 Goals and Objectives

Now that the governments and planners in the GTHA have developed a setfse of
factors influencing the adoption &#AVs and SAUs)e next stepsutilizingthese insightso find
the spatial characteristics of PAV or SAV adoption potentialwithikl helpthe planners choose
areas for future pilot projects on A\s an exampldn addition, it would allow lanners to know
the areas where PAVs or SAVs wolikely be first adoped, helping themas well as AV
developers predict the market penetration of PAVs and SAVs in the GIddéover, planners
can use this answer to assess the characteristidhe areas where the PAV or SAV adoption
potential is highLastly transit planrers could usethis adoption potential tgpredict changes in
public transit ridership, and demand for current and future infrastructuassa result of AV
influence

This thesis is the first work indexing the potentaoption of AVsand a work providing
the spatial aspects of the adoptidor planners and policy maker#n particular,by using the

GTHA as the study arghg thesis will answer the following research questions.

1. What are the factors that influence the potential adoptios of Rivate and Shared
Autonomous Vehicles?
2. How can we assess thpstential in theurban context?

3. How can the assessment be utilized to infqulanning and policy development?

Toanswer these questionseveral steps are to be followekh Chater 2, the thesis will
identify thediscerniblefactors that would affect AV adoptidhrough an exploration of adoption
theories Thiswould indicate somesignificance of looking at the impacts of socioeconoamd

travel characteristics of individualsid land use on AV, PAV and SAV adoptionChapter 3the



focus would be orselecting the factors for indexing PAV and SAV adoption potential, and
assigning weights to therthrough review of relevantstudies on AV adoption in particulain
Chapter 4the methodologywill be outlined where the adoption index will bestablished The
chapter will also discuss the GIS tools apdtial data sourcethat would be used to map the
potential. In addition, the chapter will brief the use of some statistical t@wld one online tool

in exploring theplanning implications of PAV and SAV adoptions. Chapter 5 will présent
results anddetail theimplicationsas generated from Chapter 4. Chapter 6 will summarize the

thesis,presentresearch limitations, and discudgections of further studies.



Chapter 2: Constructs behind the Intention to Adopt AVs

There are many theories and models on teclogyl adoption, whicltcould help explain
why people would or would not like to adopt AVs. This section would introtheeslevant ones

on AV adoption

2.1 Technology Acceptance Model (TAM)

2.1.1 TAM

5 A& oOmpydoQa ¢!la Aa | FlLyYz2dza Y2RSt SELX |
technology in their work. He believes that two thetioal constructs can explain.iOne is
perceived usefulness, which is the extent to which a person belignatshe technology would
improve his or her work productivity. The other is perceived ease of use, whielated tothe
complexity of and difficulty in utilizing a technology2 A Y ONBI &S 2y S®a 62 NJ
reviewing 7studies on testing the validity of TAM, Pikkarainehal. (2004) found that TAM
OzyaraidsSyidte SELXLIAya NP dmbiKiitehtions and degistos ad%2 LI S Q3
technologyadoption.

The vdidity of TAM is further supported biftersum and Feinberd2010 Q& dzaS 2 F
cumulative timed intent measur@ hey found thathe more practical functions that a technology
would bring to people, the more likely the technology would be adopted morekdyu In addition,
the more complex g&echnology, the longer it takef®r people to adopt itObviouslythese two
findings demonstrate that a more useful technology is easier to be accepted, while a technology

that is more difficult tdearn and use isbs attractive.

2.1.2 Two Extensions of TAM

Through their exploration othe impacts of experiencing riding a lev&lautomated
GSKAOEt S 2y LIS2LI) SQa A yidal (Ro18)gxtended TAMAHY &ddingya || £ S
construct: trust. They defingl NXza G Idaelief 2hAtSp@rénits the public and potential
consumers to willingly become vulnerable to Vs 6 - dz S&G | f & Hamy s LI® o

O2YLI NAy3d (GKS &adz2NIBSeé NBadzZ Ga FNBY onn dzy RSNEN



did one gwestionnaire before and another after trying a ride of a level 3 automated vehicle, they
found that the relationships between trust and perceived usefulness, between trust and
perceived ease of use, between trust and the behavioral intention to ride leva&V/§ and
between perceived usefulness and the behavioral intention to ride level 5 AVs are all positively
significant before and aftea ride ofa level 3 automated vehicle. However, the relationship
between perceived ease of use and the intention to risldevel 5 AV becomegositively
signifiant only afterpeopletry the riding of a level 3 automated vehicle. In addition, riding a
level 3 automated vehicle would significantly enhance the positive significance between
perceived usefulness and perceivedse of use, between trust and perceived ease of use,
between perceived usefulness and the behavioral intention to ride a level 5 AV, and between
trust and the behavioral intention to ride a level 5 AV. These enhancements are mainly due to
thatridingale$f o | dzi2YlFI GSR @GSKAOtS 42dZ R aAIYATFAOIY
perceived ease of esof, and trust in level 5 AVRIiding a level 3 automated vehicle would not
have a significant impact dhe relationship betweerrust and perceived wefulnesshoughthis
relationship is alreadpositively significant before the ridX( et al., 2018
Similar to Xu et al. (2018 aragiotopoulos and Dimitrakopoulo2@18 added perceived
trust as a construct to TAM for intended AV adoption. Howetreir meaning operceived trust
Ad Y2NB O2yONBGISd® LG NBFSNR G2 LIS2L) SQa O2y TA
AVs. In addition to perceived trust, they added social influence as a constroefens tothe
LIS S NJ LINE & a dzNaBvestandHErignd2ty derSuade Nl or her to appreciate and use AVs.
Through their analysis of 483 complete survey responses on intended AV adoption from
EuropeansParagiotopoulos and Dimitrakopoulo2@18 found that perceived trust and social
influence have anegatively significantorrelation. In terms ofthe two constructs of TAM,
perceived usefulness and perceived ease to use, they are positively correlated. They also found
GKFdG LISNOSAPGSR SFasS 2F dzaS Ay RA NBg pdrodived FFSOU
usefulness. For allhe four constructs, they areositively significantly corriated with an
intention to use AVsTheir extended AThodel can explain 43.7% of the reasons why people
intend to use AVs, with perceived usefulness being tlstnimportant construct (explanatory

power. 21.3%).



Talking of the remaining 56.3% of the reasons why people would or would not intend to
use AVsParagiotopoulos and Dimitrakopoulo2@18 proposel two major types of factors. One
is theperformance of A% = & dzOK & GKSANI GaLINRPRdAzOGA DAl T STT.
OLIP Tyoud ! y2UKSNI A4 GKS a20A2S02y2YA0 OKIF NI O
level, occupation, household income, driving experience, [and] involvement infoRB Yy (1 & ¢ 6 LJ

783).

2.2 The Unified Theory of Acceptance and Use of technology (UTAUT), and Its
Extension (UTAUT?2)

2.2.1 UTAUT
By extensively reviewing literaturevenkatestet al. (2003) developed unified theory of
acceptance and use of technology (UTAUhis theory argues that there are three camsts
SELX I Ay Ay 3 iedSadiiptSan mforhafidn $eyhiiology (ITThe first and the most
influential construct is performance expectancy. It refers to the extent to which a consumer
believes that a IT would bring the benefits that he or slmas beenwaiting for. The second
construct is effort expectancy. It tells the degreenthich a consumer trusts that dit would be
easy to learn, and handy to use. The third construct is social influenseh# impact that the
LISNOSLIiA2ya 2F 2y SQa Tl YA CldaByaperfoynBncefeNdeckycRia K| O
similar to perceived usefulness, and effort expectancy is merely the same as perceived ease of
use.lt is social influence that makes UTA stand out of the shade of TAM.
According to UTAUT Fail S NJ 2 yiénQai addptyair Sy idrmed, it would be this
intentA 2y YR (GKS L¢Qa FrOAtAGFGAY3a O2yRAGAZ2Y A
adopt the IT (Venkateskt al., 2003. Faditating condition means the usefulness of an IT to help
NEFtfAT S 2ySQa o0SKIFE@A2NIf 3A2+fd ¢KSNBE Aa y2 R2
performance expectancy overlap, but facilitating condition emphasizes the ability of an IT to help
a personphysicallydo something, and this thing is what the person has been wanting to do.
VenkatestetalO H nno0 F2dzy R 2dzi F2dzNJ FI OG2NB KSE LI\

constructs: gender, age, personal experience (only helping explaieftbg expectancyand



social influencg and voluntariness (only helping explaocial influencg In addition, age and

LISNB2Y |t SELISNASYOS Ftaz2z AyTFtdsSyOoS LIS2LX SQa LI
No more than 2 years after UTAUT was theed, voluntariness was removed from the

explanatory factors because whether a person would voluntarily or be forced to adopt an IT is

decided by the remaining three factors gender,age, and personal experienag and the

construct:social influence (Vedateshet al, 2012; Morriset al, 2005).

2.2.2 UTAUT2

Through a comprehensive review of tistudies referencing UTAUT, and a seitique on
UTAUT Venkateshet al. (2012 expanded UTAUT into UTARJExcept dropping voluntariness
from UTAUTUTAUT2 idntifiesISY RSNJ Fa | FI OG2NJ O2y G N¥odn @ 3
facilitating conditions. It also includéacilitating conditions as a ostruct of behavioral intention.

Other than theselJTAUT2 keeps the theoreticstructure of UTAUT, and add®mplementary
elements.

The first set of added complementary elements includes three constructs influencing the
F2NXYIFGA2Y 2F 2ySQa O0SKIFI@GA2NIf AYyGSydAz2zyod ¢KSe
(Venkateshet al, 2012). Hedonic motivatiorefeNR (2 2y S Q dionxoyeldjdyRifg. &# A O Ay
enhances performance expectangythe extrinsic stimé dza& G NA 33 SNAR yidn t¢ LIS NA
enjoy life by using an I§as the most influential construct of behavioral intention. Price value is
2y SQa neofizbhaheShe price of an IT is worth the benefits it provides. A habit is a routine
way in whichl  LISNBR2Yy R2Sa a2YSUKAy3Id LG Aa FT2NX¥SR
experience.

Gender, age, and personal experience are still used to explainip€o@d RA FFSNB Yy (
different constructs (Venkatesht al, 2012).In regard tothe three new constructs added by
UTAUTZ2, gender and age help explain all of the three constructs, while experience helps explain
hedonic motivation and habit.

Intermsof theRS G SNXA Yl yia 2F LIS2LX SQa FAylrf RSOAA
G2 ¢!l ¢Qa o0SKFEGDAZ2NI T Ay {(\enkitesBtylz2012y R FI OAf A G|



One key identity oUTAUT andUTAUT?2 is that they do not use gender, age, and personal
experence to directly explain why people choose to adopt an IT or not, but as influential factors
O2YyNROGdzlAY3d G2 GKS ljdzrftAGe 2NJ ljdzZryaAade 2F Yz
decisions. In addition, sommnstructs(facilitating conditions, ad habit)can directly influence
both behavioral intention and user behavior, bathersonly indirectly influence user behavior

through behavioral intention.

2.3 Car Technology Acceptance Model (CTAM)

Osswalcet al. (2012)adaptedVenkateshet al. (2000 0 Q a , jant Hevetoped thei€ar
Technology Acceptance Model (CTAM). They kept all the constructs of UTAUT, and added four
constructs to better explain why people would or would not intend to adopt ataintechnology
for their cars of automation levelO to 2. They are anxiety, perceived safety,-afi€acy, and
attitude towards using technology.

| YEASGe KIFa Gg2 0O2YLRySy i xafidengeSn iritedipreng SQa R
surrounding driving environment, and executing driving tg€ksswadl et al., 2012) The other is
2ySQa 62NNEB 2F (GKS dzyNBtAFoAtAdGEe 2N YI Fdzy Ol A
believes that a new technology would reduce his or her worries of these kinds, he or she would
be more inclinedo adopt the technology.

t SNOSAOSR al FSGé Aa 2ySQa LISNOSLGAz2zy (GKI G
her likelihood of getting trouble or encountering a dang®sswaldet al., 2012) It is partially
AKIFLISR 0@ 2ySQa LISNER2YI f Awid eobstruet: heddhic mativathed t | (1 S R
and habit

SeliSTFAOI O Aa 2ySQa o0StAST GKIFIG KS 2N akKsS C
AKIFLISR 6@ 2ySQa LISNam2YylFfAGeSET SY20A2YyZ YR | FF¢
next constuct (Osswaldet al.,2012. Again,personality, emotion, and affectioare related to
UTAUTR& KSR2Yy A O Y2 ilh &itition, thg melanhgs oksefioF AFiA OF 08 | yR ¢
perceived ease of use highly overlap (if not being the same).

AttitudetowaNR& dzaAy 3 (1SOKy 2t 238 ALISOATFTAOIfteEe NBT

(Osswalcet al.,2012. This feeling would reinforce or diminish all other constructs.
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Through designing and conducting a survey, and analyzing the survey responses of 21
participants, Osswald et al. (2012) validated their model. However, they remind that their model
would not explain all but the majority of the reasons why people would or would not adopt an

in-car technology.

2.4 Zmud and Sener (20176 s AV Acceptance Model

. dZAf RAY 3 dzLl2y haaglftR SG Ffd GHAMHOQA [ ¢! &
acceptance model. They first dropped facilitating condition asoastruct not because it is
unimportant, but because they are uncertain about the future infrastructural supfor AVs.

Then, they added three constructs: desire for control, technology use, and technology
acceptance.

Desire for control refers to how much a person feels that he or she would only accept a
total control of his or her vehicl&mud and SeneR017). This construct is a very weak yetun
ySAt AIA0ES O2yaidNHzO0 2F LIS2L)X SQa AyOtAylGAz2y
in Austin, TexaBazilinskyet al.(2015 agree that desire for control cannot be neglected. From
494 text surveyesponses from tens of countries, they found thavdring manual driving over
handsfree drivingis the most prominent reason, andwwilling to lose the joy of manual driving
is the third most prominent reasowhy some people do not want to adopt AVs.

TeKy2f 238 dzaS A& y20 RANBOGtEE SELXIFAYSRI oc
knowledge of commonly used technologies, such as smartphone, Facebook, online shopping,
email, text messaging, and transportation ap@snud and Sene017). It alsaefers to the
frequency at which people use them. Through a quantiawd a qualitative study, Zmud and
Sener (2017F 2dzy R UGKIF G &a20AFf YSRAIF GSOKy2f23ASa KI
adoption, whle other technologies do not.

Technology acgaance is not explained. Implied from the meaning of technology use, it
may refer to the overall extent to which a person likes commonly used technologies, such as
smartphone, Facebook, online shopping, email, text messaging, and transportatiofiZappd
and Sener2017). It is also implied that only the acceptance of social media technologies is

significant.
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¢ KNRPdzZAK &ONHMzGAYAT Ay3a %YdZR YR {SYySNJ 6HnmT
Austin, Texas, it is better to describe their three constradsdesire for control, social media
technology use, and social media technology acceptance. Their studies also cover the verification
of the constructs in UTAUT and CTAM, and they are verified true. In addition, their studies also
indicate that having a pJsical impairment or disability, or owning a level 1 or 2 automated
vehicle would contribute to a stronger inclination to adopt AVsey areproofs G K I i LJS 2 LJ S ¢

socioeconomic characteristics play roles in shapheg intentions to adopt AVs.

2.5 Technology Adoption as a Function of the Characteristics of a Technology

Rogers (2003pelieves that the characteristics of a technology are sufficient for the
prediction of whether and when most people would adopt it. The characteristics consist of
relative alvantage, compatibility, complexitysialability, and observability.

Relative advantage refers to the net benefits compared to the current technology that
the new technology is taeplace (Rogers, 2003)¢ KA & O2y aiNXzOG y20 2yf¢
perceived sefulnes ! ¢! ! ¢ Q& LISNF2NXIyOS SELISOGIyOdée I'yR
price value but also reminds that the characteristics of the technology that is to be replaced also
play some roles.

Compatibility refers to the degree at which the newcl@ology meets the needs and
values of potential consumeréRogers, 2003)¢ KA & 02y aid NdzOG Y2 NB RANBC
LISNOSADPBSR dzaS¥dz ySaazx ¢! ! ¢Qa8 LISNF2NXYIyOS SELI
price value.

Complexity refers to the diffulty of being understood and lear(iRogers, 2003)t backs
dzLJ ¢! aQa LISNDOSWIPER! 8§aASSFF28BSSELISOGI yOe

Trialability refers to the possible maximum population scale at which the new technology
can be tried out, and how easy it can tieed out. This construct reminds us to be careful of Xu
SG tftd 6nnmyonQad O2yOf dzariz2ya o06SOIdzaS G4KSANI &dzN.
a level 3 automated vehicle, though it wasiaavitableresearch limitation.

Observability réers to the level at which the benefits of the new technology can be seen.
I 3L Ay GKAA O2yaid NUzO linewENrksédrch lingtafion, add a$iéed tof ® 0O H
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test relevant technology acceptance theories after AVs emdigalso hints that nformation

RAAASYAYLFGAZ2Y YI& KFI@S |y AyFtdSyosS 2y LS2LxX S

2.6 Technology Adoption Rate as a Complicated Function of Market Demand and
Supply

Hall and Khan (2003) considéne acceptance of gechnology is a process of techngio
diffusion. The speed of the diffusiois a complex fun@n of market demand and supplWhat
particularly interest thisthesis are the influence of market demand and two proposed
explanations on an-Shaped curvewhich iso be mentioned soon.

On thedemand side, customers make decisions on technology adoptions by weighing the
benefits of using a new technologgchoest ! a geeceived usefulnesspnd a series of costs
and risks associated with the adopti@dall& Khan, 2003)Examples of the costsdlude those
from purchasing the new technological product, using and maintaining it, and recycling and
replacing it when the product is out of date or no longer usable. Sample risks include the
uncertainties of the speed of technology upgrade, the quaditg benefits of future newer
technological product compared to the current new product of the same kind, and the attitude
of policies. It should be noted that customers do not weigh the factors once, but over time.
Through ongoing weighing, customers magvance or postpone the time when theyould
adopt the technology.

By reviewing the adoption of some major technologgeslectric service, refrigerator,
telephone, washing machine, videocassette recorder, and personal computer in hougghold
the twentieth century America, and plotting the proportion of customers who have adopted a
new technology against timd;lall and Khan (2L3) found that their plots always show an S
shaped curveSimilar Sshaped curvesvere also found byttersum and Feinberg2010 when
they werept 2 (G 0 A y 3 LIS 2 dfdadSpirigthréekethBdlogidsar dflvanced golf course
mower, an auteguidance farm system, and cell phones with GPS technaagya 3month
interval. The Shaped curveshows that a technology adoption ge¢hrough three stage@Hall
& Khan, 2003; Ittersum & Feinberg, 201Birst, a few people purchase and use the technology.
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Second, the majority of the public purchase and use the technology. Third, as the market is
approaching saturation, some lasdopters start purchasing and using the technology.

Hall and Khan (2003) introdu¢bere are two theories explaining thesBapedcurve:
adopter heterogeneity, and adopter learning. Adopter heterogeneity proposes that people have
different values on a new tecdlogy, and the values are normally distributédore people
choose to adopt it as the cost constantly reduces, and becomes less than their values. Thus, the
normally distributed values and constantly reducing cost result in tskapedcurve. Adopter
learning argues that people give the same value to a new technology. Whemihag adopt it
depends on when thewould know its existence. Thus, it is the nature of how information is
disseminated from one person to all the society that gives rise to thleapedcurve.These two
GKS2NASa NBYAYR LIS2LXS 2F (GKS AYLERNIIFIYyOS 27F

decision making about AVs.

2.7 A Loose Diffusion-of-Innovation-Based Model
Talebian and Mishr&2018)forecast thatconnected autonomous Vecle (CAY adoption
would happen between 2025 ar050 by meanf usingthe theory of Diffusion of Innovations
(DOI), the concept of resistance, agdrased modeling, and model validation through a survey
of the students and employees at the Universay Memphis. Although not systematically
summarized and visually presentélilebian and Mishr&018)actuallyhavealooseDOtbased
model explaining why people would or widunot adopt CAVs. By scrutiniziigk S | dzii K 2 N&
discussion and findings, the fallddi RS OA RAY 3 LIS £AY &i6ption €S Ok & A 2 Y
summarized as follows.
1 Cost.A bwer purchase cost, and faster annual reduction of CAV purchase cost both
contribute to a quicker CAV adoptiolt.is a premise of CAV adoptitimat the purchase
costist 2 g S NJ (i WillingnegsyoPOWTP.
T t2tfA0ed t2f A0ASE LINRPGARAY3A AYyOSyuAaA@Sa (G2 3
NEIAAGNF GA2Y TS @aductiof edost Waulyspegd up QA ANz MNIBENQ
1 Readiness ahe infrastructure.Lack ofmfrastructures supporting the operation of CAVs
g2dzZZ R RAAO2dzNI IS LIS2L) SQa FR2LIIAZ2Y 2F /! x4
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1 Traditions and social norms. For example, people who have been used to using a steering
wheel, and who consider using a steering wheel is a part of a definitivalotle would
not be likely to adopt CAVEor another example, if owning CAVs is considered a good
indication ofa high social status in a societyegple in the society are more willing to
purchase CAVs.
T ' R2ZLIGSNEQ LIKeaAOolf Oz2yfdekantXigayildies ortinp@irh#én 6 A (G K
are more favorable of CAVs.
1 Peer influence. The authors poir dziinBividaalsheavily rely on the information they
receive from their peers when assessing adoption of a radical innovation such as
connected autonomoda @S KA Of S aEhis cohsthuct GsT lighlgp similar to
Panagiotopoulosind Dimitrakopoulos2018) Q& &2 OA L f Ay Tt dzSy OS @
1 Media advertisement. It encourages people to adopt CAVs.
This theory reminds that policy, readiness of infrastructure, traditions, sowil norms
are influential factorsn terms of the decision makirapn CAVsAdding to the importance of policy,
Shabanpouet al. (20189 y 2 0A OSSR GKF G LIRfAOe OFy o6S I &adGNP
adopt AVs. They found that more than 70% Cipoeans consider driver liability is a major concern
discouraging them to adopt AVs. Thus, Shabanpoat.€2018) argu¢hat a policy change that
allows drivers to be free of liability in traffic violation and accident would be a vital policy
incentive persuading people to adopt AVsSimilar to Talebian and Mishra20(18)
Nieuwenhuijsenet al. (2018) considerthat mass media is a critical factor that should be

considered in forecasting thmarket penetration and fleet sizaf AVsin the Netherlands

2.8 Influence of Geographic Difference

. @ addzaAy3a RFEGE 2y K SenRangpardban telgtonthitinicatipn, § S OK y
information technology, health care, steel production, and electrigfy 2032)] in 166 countries
2PSNJ GKS I & 2081yCGomicasdyHokdr\eR19 foénd that h average, a country
takes 45 years to adopt a technology after its invention, while the standard deviation is
outstanding: 39 yearsAlthough te large standard deviation is mainly caused by the differences

aaoss technologiesekplanatory power:59%),the contributions ofthe differences across
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countries éxplanatory power18%) and the ceffect ofthe two differencegexplanatory power:

11%) cannot be ignored.

2.9 Some Specific Factors Encouraging or Discouraging AV adoption
Different researchers find different specific factors encouragimgdiscouragingAV
adoption. Previous sections have mentionednse of them and theyare summarized in Table
2.1and Table2.2, along with many other factors not mentied so farlt is common to find that
multiple sources realize the importance of the same factorkK S 02 f dzYy siHe2 dzNDS &
academic workghat support the significance of a factoBy comparing the meanings of the
factorsin relevant works withthe meaningsof the construct@asmentioned in sections 2.1 to 2.8,
Yy20A0SIo6fS NBftSOFyid O2yaiNdzOGa F2NJ SFOK FI OG2
It should be reminded that theTables do not contain socioeconomand travel
characteristics of individuals and land use Excluding them is because they will be

comprehensively discussed @hapter 3
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Table2.1 SomeSpeific Factors Encouraging AV Adoption

efficiency

Type Factor Key relevant constructs Sources
Safety Make driving safer [Perceived safety; performance expectancy; perceilPanagiotopoulos and Dimitrakopoulos
usefulness (2018); Shabanpour et al. (2018); Howard ¢
Dai (2013)
Safety Make vehicles safer [Perceived safety; performance expectancy; perceilPanagiotopoulos and Dimitrakopoulos
for other road users [usefulness (2018); Shabanpour et al. (2018); Howard ¢
Dai (2013)
Mobility Increase the mobility [Facilitating condition; net benefits with respectto |Talebian and Mishra (2018); Konig and
of disabled people |current technology; perceived usefulness Neumayr (2017)
Mobility Increase the mobility|Facilitating condition; net benefits with respect to |Konig and Neumayr (2017)
of seniors current technology; perceived usefulness
Mobility Transport people Performance expectancy; facilitating condition; Konig and Neumayr (2017)
when they are perceived usefulness
unconscious, drowsy
or after medical
treatment
Use of time [Allow a more efficien|Performance expectancy; facilitating condition; Panagiotopoulos and Dimitrakopoulos
use of time perceived usefulness; characteristics of a technolg (2018); Howard and Dai (2013); Konig and
Neumayr (2017)
Use of time |Mitigate traffic Performance expectancy; perceived usefulness; [Shabanpour et al. (2018)
congestion characteristics of a technology
Use of time [Reduce travel time |Performance expectancy; perceived usefulness; [Shabanpour et al. (2018)
characteristics of a technology
Operation [Make driving more  |Hedonic motivation; performance expectancy; Panagiotopoulos and Dimitrakopoulos (20
interesting perceived usefulness
Operation |Believe itis easy to |Effort expectancy; self-efficacy; attitude towards |Panagiotopoulos and Dimitrakopoulos (20
learn using technology; information technology use;
information technology acceptance; perceived eas
use; anxiety
Operation |Full human takeover [Anxiety; performance expectancy; habit; trust; desiKonig and Neumayr (2017)
allowed for control; perceived safety; characteristics of a
technology
Infrastructur [No need to park Performance expectancy; effort expectancy; Howard and Dai (2013); Konig and Neuma|
e facilitating condition; perceived usefulness; percei|(2017)
ease of use; characteristics of a technology
Regulation [Provision of educatio|Policy Martinez-Diaz and Soriguera (2018)
campaigns
Regulation |Government Policy Martinez-Diaz and Soriguera (2018); Konig
incentives and Neumayr (2017)
Regulation |Remove driver Policy; perceived usefulness; anxiety Konig and Neumayr (2017)
liability of traffic
violation and
accidents
Culture Represent a high Social influence; hedonic motivation; traditions angPanagiotopoulos and Dimitrakopoulos
social status social norms; social influence; peer influence (2018); Talebian and Mishra (2018)
Information |Positive feedback |Social influence; traditions and social norms; socialPanagiotopoulos and Dimitrakopoulos
disseminatio|from relatives and  [influence; peer influence; media; information (2018); Talebian and Mishra (2018);
n friends technology use; information technology acceptancdNieuwenhuijsen et al. (2018); Konig and
desire to wait for more reliable technology Neumayr (2017)
Information |Advertisement Media; social influence; traditions and social normgNieuwenhuijsen et al. (2018)
disseminat- information technology use; information technology
ion acceptance
Fuel Have a higher fuel |Performance expectancy; price value; perceived [Shabanpour et al. (2018)

usefulness
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Table 21 Continued

automated vehicles

Type Factor Key relevant constructs Sources
Personal Tech-savvy Hedonic motivation Martinez-Diaz and Soriguera (2018)
traits
Personal favorable of high-techHedonic motivation Martinez-Diaz and Soriguera (2018)
traits applications in

vehicles
Personal passionate for Hedonic motivation Martinez-Diaz and Soriguera (2018)
traits environmental

protection
Experience |Tried levels 1-3 facilitating condition; anxiety; perceived safety; sel|Xu et al. (2018)

efficacy; attitude towards using technology;
experience; perceived trust; characteristics of a
technology

Table2.2 SomeSpecific FactorBiscouraging AV Adoption

Type Factor Key Relevant constructs Sources
Safety Uncertain cyber Perceived safety; trust; performance expectancy; |Panagiotopoulos and Dimitrakopoulos
security and data information technology use; anxiety; characteristic§(2018); Bazilinskyy et al. (2015); Shabanpq
privacy a technology et al. (2018); Martinez-Diaz and Soriguera
(2018); Konig and Neumayr (2017)
Safety Uncertain reliability o|Perceived safety; trust; performance expectancy; |Bazilinskyy et al. (2015); Shabanpour et al
the automation perceived usefulness; anxiety; desire for control; |(2018); Martinez-Diaz and Soriguera (2018
system desire to wait for more reliable technology; readingKonig and Neumayr (2017)
of infrastructure; characteristics of a technology
Operation |Lose control of the [Desire for control; hedonic motivation; habit; Bazilinskyy et al. (2015); Talebian and Mis|
vehicle traditions and social norms; performance expectan|(2018); Howard and Dai (2013); Konig and
perceived usefulness; effort expectancy; facilitatinlNeumayr (2017)
condition; trust
Infrastruc-  |Uncertain Readiness of infrastructure; trust; performance Bazilinskyy et al. (2015); Shabanpour et al
ture infrastructural supporfexpectancy; facilitating condition; perceived safety|(2018); Talebian and Mishra (2018)
anxiety
Cost Potentially pricy Cost; price value; net benefits with respect to currggShabanpour et al. (2018); Talebian and Mi
technology; policy (2018); Howard and Dai (2013);
Nieuwenhuijsen et al. (2018)
Cost Recently purchased gCost; price value; net benefits with respect to curreMueller et al. (2007)
non-AV technology
Regulation |Uncertain liability Policy; perceived usefulness; anxiety Shabanpour et al. (2018); Howard and Dai
(2013); Konig and Neumayr (2017)
Regulation |Lack of purchase Policy; cost; price value; net benefits with respect { Talebian and Mishra (2018)
subsidy current technology
Regulation |Lack of discount for |Policy; cost; price value; net benefits with respect {Talebian and Mishra (2018)
vehicle registration |current technology
fee
Information |Negative feedback |Social influence; traditions and social norms; socialPanagiotopoulos and Dimitrakopoulos
disseminat- |from relatives and [influence; peer influence; media; information (2018); Talebian and Mishra (2018);
ion friends technology use; information technology acceptancdNieuwenhuijsen et al. (2018); Konig and
desire to wait for more reliable technology Neumayr (2017)

18



Chapter 3: Impacts of Individual Characteristics and Land Use on AV
Adoption

As known fromChapter2, Panagiotopoulos and Dimitrakopoulos (2008) RA & Odza & A 2
the limitation of theirextended TAMreminds, andZmud and Sener (20K2)AV acceptance
modelrevealthat the socioeconomic characteristics of individuals are influential in shaping their
intentionsto adopt AVs. Thishapterwill not onlydiscuss the influencesut also the influences
of individual travel characteristics and land ugsscussinghe influences of these factors is
important because the factors am@ften surveyed ina censuswhich would provide important
data forrealizing the indexing of the PAV and SAV adoption potential of a geographic location,
and for mapping out these potentia In addition, the discussion will provide important
implications on which variables are relatively more important forititexing as well as mapping.

The thesistries to find as manystudies as possible that usa solid quantitative or
gualitative appoach to demonstrate the existence of a relationship betweestualiedvariable
and the intended adoption of AVs, PAVS, or SG¥s a lisof studied variablsin Table4.1).
However, as AVs hatbt become a popular topic among transportation researcharsl the
mid-2010s, the describestudiesarenot substantial in quantityand they were mostly published
after 2014 (clearly indicated from Tal8€el). Eventually, 24rticles were found for an exploration
of the relationshig betweenthe studied varialdsand intended adoption of AVs, PAVs, or SAVs
(see Table3.1). The24 articles represent most (if not all) of the articl€k) that haveexplored
some of therelationshigs through asolid researclapproach (2) that are accessible by the end
of 2018, (3that arerecognized as academic wark4) that were written in Englishand (5 that
were published by a welknown and weHaccredited journal or presented at a professional or
academic conference of decent reputation Therefore,these studies should epresent a
maximum extent to which we know abouhe impacts of the studied variables on the AV

adoptions
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Table3.1 Summaryof Articles Referenced in ThiShapter

Source Eventual | Geographies Survey Quantitative Meaning of | Level of
sample time method, SAVs (on vehicle
size (n) qualitative demand, autom-

method, or carpooling, | ation
literature review | or
unspecified)
Schoettle and 1,533 America (n = Unknown | Quantitative Unspecified | 3, 4
Sivak 2014) 501), UK (n = method (disaussed
527), and together)
Australia (n =
505)

Bansal and 1,088 Texas Unknown | Quantitative Ondemand | 2, 3,4

Kockelman method SAVs (discussed

(2018) separately)

Bansal et al. 347 Austin, Texas | Late 2014 | Quantitative Ondemand | 3,4

(2016) method SAVs (discussed

separately)

Liljamo etal. 2,036 Finland May 2017 | Quantitative Ondemand | 4,5

(2018) ¢ Aug method SAVs (discussed

2017 together)

Zmud et al. 556; 44 | Austin, Texas | May 2015| Quantitative Ondemand |5

(2016) method (n = SAVs, and

556), and carpooling
qualitative SAVs
method (n = 44)
Georgieva and Unknown | Unknown Unknown | Quantitative Unspecified | 5
Kolodge (2018) method (from 2
secondary
sources)

Shabanpour et al| 1,013 Chicago, lllinois| Dec 2016 | Quantitative Ondemand |5

(2018) method SAVs

Hohenberger et | 1,300 Germany Feb 2014 | Quantitative Unspecified | 2to 5

al. (2016) ¢ Nov method (discussed

2014 together)

Lavieri et al. Unknown | Puget Sound, 2014c¢ Quantitative Ondemand | 5

(2017) Washington 2015 method (froma | SAVs, and

portion of the carpooling
data for the SAVs
20142015 Puget

Sound Regional

Travel Study)

Hulse et al. 916 UK Startedin | Quantitative Unspecified | 5

(2018) Apr 2016 | method

Krueger et al. 435 Major Unknown | Quantitative Ondemand | Unknown,

(2016) metropolitan method SAVs with or | implied 5

areas in without
Australia dynamic
ride-sharirg
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Table3.1 Continued

Source Sample | Geographies Survey Quantitative Meaning of | Level of
size (n) time method, SAVs (on vehicle
qualitative demand, auto-
method, or carpooling, | mation
literature review | or
unspecified)
Kyriakidis et al 4,886 109 countries | Unknown | Quantitative Unspecified | 1to 5
(2015) method (discussed
together)
Pettigrew et al. 1,624; 43| Primarily Unknown | Quantitative Ondemand | Un
(2018) Australia method (n = SAVs known,
1,624), and implied 5
qualitative
method (n = 43)
Souders and Literature review | Unspecified | Un-
Charness (2014) known
Haboucha et al. 682 Israel (n = 357), Sep 2014 | Quantitative Ondemand |5
(2017) and North ¢ Nov method SAVs
America (n = 2014
325)
Panagiotopoulos | 483 Unknown Unknown | Quantitative Unspecified | 3,4,5
and method (discussed
Dimitrakopoulos together)
(2018)
Konig and 489 Austria (n = Jul 2015 | Quantitative Unspecified | 5
Neumayr (2017) 366), and other method
32 countries (n
=123)
Bazilinskyy et al. | 494 No more than | Unknown | Qualitative Unspecified | 5
(2015) 112 counties method (309
positive and 185
negative
comments on
AVs)
Laidlaw & Sweet | 3,201 The GTHA 2016 Quantitative Ondemand | 5
(2017) method SAVs
Laidlaw et al. 3,201 The GTHA 2016 Quantitative Ondemand | 5
(2018) method SAVs
Heinrichs (2016) General cities | No survey | Literature review| Ondemand | 5
conducted SAVs
Meyer et al. (2017) Switzerland No survey | Quantitative Ondemand | 5
conducted | method SAVs
Soteropoulous et Literature review| Ondemand | Un
al. (2019) (international SAVs, and | known,
study) carpooling implied 4
SAVs
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Table3.1Continued

Source Sample | Geographies Survey Quantitative Meaning of | Level of
size (n) time method, SAVs (on vehicle
qualitative demand, autom-
method, or carpooling, | ation
literature review | or
unspecified)
Zhang (2017) Atlanta, No survey | Quantitative Ondemand | 5
Georgia conducted | method SAVs, and
carpooling
SAVs

Note: Bansal an#ockelman 2018) and Bansal et al2016) usepractical significance a stricter significane than

statistical gynificance.

Beforethe discussion of the studied variablebree things should be clarifiedirst, all
relationships relevant to SAVs should be considered as the ones relevantdenmmnd SAVs
becausemost of the24 studies refer SAVs asn-demand SAY (see Tabl&.1). Second, some
articles not only discuss AVs of level 4 or 5, but also discuss automated vehicles of level 3 or lower.
The thesionly considergsheir conclusion®n AVs of level 4 or S hird, intended SAV adoption
issometimesdiscussedn different price scenarios. With reference to Appendpif the price of
SAVs fadlin the range of $0.37/knto $0.85/km, the price is considered comparable to the cost
of private vehicles (PV{)ereafter,referencedr & & (G KS LIN#Kep&e idirithe Fange NE 0
of $0.86/km to $2.00/kmthe price is considereldigh. Choosing $2.00/km as the upper limit is
becausehe threestudies that modeled intended SAV adoption at different prigesaidlaw and
Sweet (2017), Bansal and Kockelman (2018), Beansal et al. (201&) did not discuss price

beyond $2.00/km.

3.1 Impacts of the Socioeconomic Characteristics of Individuals
Among the 24&tudies listed in Tabl8.1, the first 19studies will contribute to the content
of Section 3.1Most of them ad@ted a modeling approach, while a few of them made their

discussions around a comprehensive literature review
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3.1.1 Age

M-yed NBaSFkNOKSNABR TF2dzyR K IslintehtighSo atiopt AQSL 2 8 St &
Through percentage comparispfPanagiotopoulosand Dimitrakopoulos 2018) found that
Europeans aged less than 40 have a much stronger intention to adoptnAdtdition,Liljamo,
Liimatainenand PollanenZ018)found that the 25t0-34-yearold Finns have significantly higher
positive attitudes towatls AVs, while other age groups do not differ significantly in terms of their
overall attitudes towards AVdn another study, Schoettle & Sivak (2014) found thaupger
Americans and Australiatgve more passion for AV adoptioithey supposehis passions due
to their enthusiasm for new technologiesthey show obviously less concerns about congestion
and travel time, compared to older peopl€habanpouet al. (2018)suppose that technology
being more important in the life of young people causes thegher enthusiasm for new
technologies. fiey reached their supposition aftéinding that ChicagoarMillennials (born in
19791994 and aged 24 to 39 in 20L.8re most interesed in adopting AVs, and that their life is
more involved in technology use commed to older generationsAdding tothe previous
suppositiors on why young people are more interested in ABansal and Kockelman (2018)
found from their study in Texas thaga is a practically significant covariate for the subjectivity
to peer pressurd¢o adopt AVs as well as the timing of AV adoption. In specific, youreyens
would be more subject to peer pressure, and adopt AVs quicker than older peongkr the
pressure

Talking of the timing of adopting AMsavieri, Garikapati, lit, PendyalaAstroza, and
Dias 2017)found thatthe aged 1844 years old Puget Sound residents in the Washington State
would be early AV adoptersn addition,Zmudet al. (2016 noticed thatage is an indicative
GFENRAFOES 2F 1 dzA0GAYAGSahe éallyyAW viddpte?sFthe llefisard3(R 2 LJG A 2
yearold comprises the largest proportion. Among the late AV adopters, the-@gearold is
the majority.

It should be clarified that people who are passionate about AVs are not necessarily early
AV adoptersZmudet al. (2016 found that there are a number of AV enthusiasts less than 30

years old or more than 65 years old who would like to adopt AVs late. That is because they do
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not think they would be capable of affording AV$wus,cost and income are mediatord the
relationship between age and intended AV adoption.

From their qualitative dataZmudet al. (2016 found that age is related to different
reasons for AV adoptions. For senior Austinites, improving their mobility is a key reason, while
for the 3045 years old Austinites, working while travelling is a more valued ndoivever,in
Georgieva and Kolodge@18Ra LINBaSydl A2y s LIS2LX S 2F RATFTS
different in terms of ther perceivediop 3 benefits ofand top 3 concerns oAVsfrom 7 choices
Considering there are only 7 choices for interviewebs study may noprovidea valid proof
that people of different ages have few difference in their perceived most important reasons for
adopting or not adopting AVs. Although the peaipants could write their own reasons, they may
have chosen tosavesome timeby quickly picking up 3 out of 7 provided reasons, without
carefully thinking about what other reasons are more important for their AV chaxethe
contrary, Zmud et al. (2016Q&4 FAYRAY3Ia 6SNBE RSNAGSR FTNRY K
Thus, these participants were forced to think over why they would or would not adopt AVs.

Evident from the discussion on age up to here, seniors are likely to be late AV adopters,
and arenot passionate about adopting AVs. These two findings do not mean there are no ways
to increase the attractiveness of Alsseniors. Souders & Charng2014) did a literature review
2T aSYA2NBQ LISNOSLI A 2y seniozsTof 65 yeardld an& Svérquid & SNII S
appreciate the mobility benefits of AVAYs would help them keep their mobility independence,
maintain their seHesteem and sense of social inclusidinis appreciation is due to the fact that
seniors have declining healtlg their sense, cognition, stamina, hearing, vision, and mobility are
weakening. These declines wékult intheir driving cessation sooner or latérhis cessation will
take away theimobility independence, hurt their sefsteem anddamage theiisense of social
inclusion.

In addition tothe mobility benefitg (G KSNBE I NBE 20 KSNJ FI OG2NAE Ay
to AVs. Two of themare cost, and confidence in learning and ugiguders & Charnes2)14).
Souders and Charness (2014) intfeat seniors woulde a major group to adopt A\sespecially
purchasing PAVGIf the cost isacceptable and if they are educated to learn tip@ssiblyeasy

to-operate AVsTherefore, it is the uncertainty of cost and easiness of use Ity prevent
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seniors from being eally favorable of AVs as the younger generatidrigese two factors may
reflect that the senior generation is more prudent in making shopping choices, while the younger
generations are more confident in the efficiencyAWs(Konig & Neumayr, 201 Hulseet al.,

2018.

Some researchers have been interested in studying whether age would still be an
important factorin terms of different road usersnHulseet al. 018X2 study, participants were
asked to magne themselves as an HOV car driver, atoncyclist, and then a cyclist before
answering a series of questions. It turned out thyaunger and oldetUK residentshave no
significant difference in their risgerceptions of driving or riding AVs, but older UKs perceive AVs
as significantly unsafer forepgestriansin addition, e authors found that younger UK residents
overall are substantially more positit@wvardsAVs.Therefore whendiscussingAVswith respect
to its danger to differentoad users, differences between age groups blur, though semi@s
more concerned about safety.

Theroad userghat Haboucheet al. (2017)examined werdhe driversin Israel, America,
and CanaddJsing the 280-44-year-old drivers as the base group, the-tb64-yearold drivers
are significantly more reluctant toeplacetheir current cas by either a PAV or an SAV.isTh
reluctance iddoubledamongthose aged 65 and over. These significant relationsarpsquite
indicative ofLJS 2 LJt SQa | G GAGdzRSa (2 & eNsRodéind betwieah the Zasea A Ay A
group and the 1A0-24-yearold, which implies that theriversaged 44 and below have a similar
preference to AV

Not all researchers found significant relationship between age and AV adoptor
example Kyriakidiset al. (2015)cannotfind it. There ae two likely reasonsFirst, as their survey
participants come from 40 countries, the authors could not weigh their data due to the nature of
crosscountry data collection. Second, their data are overrepresented bylgeoo more than
30 years old; they ammprise falf of the survey participants.

Regarding?AVs Bansal and Kockelman (2018) fouhdt age is a practically significant
and moderately influential covariate faovillingness to payWTh for a level 4 PAWh TexasThey

are negatively correlatedlhis relationship islsofound consistent for WTP for a level 3 and a
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level 2private automated vehiclesthough they did not study level 5 AVEhus, 1 is fair to
conclude that younger Texans are more likely to pay more for a PAV.

Narrowing down to thepopulation of a Texas cityAustin,Bansakt al. (2016 found that
adS KlFa F LINFYOGAOIfte aAaIyATAOlFIY(d NDSonaioh 2y aKAL
G2 2ySQa o HEdstusied covariatgsdf WTP for level 4 automation, isghe
most practically significar{tvith a positive correlationjf adding the automation costessthan
$2,000. In addition, ages the second most practically significaobvariate (with a negative
correlation)if adding the automation costsiore than $0,000. Thus, senior Austinites have the
most interest in adding level 4 automation to their vehicles if the addition is cheap, while the
millennials are the generation that is most willing to pay a lot for level 4 automafibis. study
implies that the réationship between age an®AV purchasés not a simple correlation. Its
positive or negative being depends on thehicleO2 a0 ¢ A K NBaLISOG G2 LIS2L

Bansal et al. (2016) shows that youngeopleare more willing to pay a higher price for
PAVs, bt this may not be true in all geographies. In Puget Sovesidents aged 124 show
practicallysignificantly less intention to buy PA\G®ssibly due to their relatively lower incomes
and savingsl@vieriet al., 2017).

In the GTHA, the relationship tveesen age and PAV adoption is similar to that in Austin.
Using the 380-55yearold GTIA residents as the referencgroup, the 1834 years old are
significantly more willing to pay for a PAV, while the7s6years old are significantly more
reluctant to py for a PAVLaidlaw & Sweet, 2017). Although the three age groups are distinct in
terms of WTP for PAVSs, the distinction is obviously less between #34 ¥8ars old and the 35
55 years old. Overall, age is a strong influencéhéPAV adoptionn the GTHA

RegardingSAVsthe millennialsn Austinare practically significantlynore likely to use
SAVs at least once a month if the cost of SAV$2/mile $1.24/km)(Bansal et al., 2016The
significance is not found at $1/mile ($0.62/km) and $3/mil®1(86/km). Thus, in Austin, the
robustness of the relationship between age and SAV adoption is subject to the change of cost.
Nonethelessthe millennials is a group favorable of SAVSs.

Not considering the variation of SAV cdstyvieri et al. (2017) doe®ot find a significant

relationship between age and SAV adoption, though adults aged 24 or below drave
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insignificantlystrongerintention to use SAVs, compared to those aged 25 or nibtavieri et al.
(2017) were able to design their questionnaire lwthe consideration of different SAV costs,
some significant findings may have occurred.

Not like Bansal et al. (2016) discussing SAVs by 3 Kosegjer, Kashidi, and Rose (2D16
discuss SAVs by 2 types: SAVs with and without dynamishaténg.In their study, the authors
classified age into 5 groups:-23, 2429, 3049, 5064, and 6584. Using 3819 as the basgroup,
the authors found that the 240-29-yearold metropolitan Australians have significantly more
preference to change their current majmodes of travel to using SAVs with dynamic4stiaring.
However, there is nsuchdiscernibledifferenceif the SAVs do not have dynamic riglearing
Thus, equipping SAVs with dynamic fghearing tools would significantly increase SAV ridership
from the 2429 years old.

In the GTHA he relationship between age and SAV adoption is quite different from the
relationship between age and PAV adoption. First, thé&3%ears old and the 565 years old
would use SAVs at similkgtowfrequendesif the price is $0.5(km (Laidlaw & Sweet, 20).7This
small difference is significant only if the travel characteristics of individuals are not considered.
Secondcompared to the relatively more linear decay of the attractiveness of PAVs with respect
to age, the @cay of the attractiveness of SAVeisre exponential This curvature becomes more
prominent as the price increasés $1.00/km, and then $1.50/kmit is necessary to restrict the
truth of this trend in the domain because Bansal et al. (2016) did no&fprdcticallysignificant
difference between their five age groups when the SAV cost is $1.86/km in Austin, Texas. Hence,
the significant difference betweethe age groupsn the GTHAnay be lost if thericeincreases
from $1.50/km to $1.86/km

3.1.2 Gender

Males and females affgst distinct in their confidence iAVs Through a surveyschoettle
and Sivak 4014 reveals that males are overall very confident that AVs would reduce crash
accidents, the severity of the accidents, traffic congestionjdrédme, vehicle emission, and fuel
usage. However, females overall hesitate that the benefits would be realizaddition females

are more worried about the safety of AVs, such as cyber security and data privacy, thalagh
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have a similar conceriand safety is what they most care about. (Schoettle & Sivak, 2014; Liljamo
et al., 2018). Moreover, males tend to be more concerned about the price of AVs (Lijamo et al.,
2018).
In terms of whether they would adopt AVs, males are more passionate about the
adoption, and would like to adopt them earlier (Liljamo et al., 2018; Hulse et al., 2018; Zmud et
al., 2016; Konig & Neumayr, 20IHphenberger, Sporrle& Welpe,2016 Bansal et aJ.2016
Kyriakidiset al.,2015. Some researchers found some reasonsitioFirst, males are more risk
GFr1Ay3 ol dz asS St fdX wnnmyod {SO2yRXI YIfSa IyF
to using AVs (Hohenberger et al., 2016)ales generally expect using AVs to be a pleasant
experience, whereatemalesare generallymore or less anxious aboutsing AVsThis gender
RAFFSNBYOS RSONBIaSa a LIS2L SQa 3S AyONBI as
From a planning perspectivelphenberger et al. (20168uggest that to boost AV adoption,
the government does not need to focus on narrowing tipender differences Rather, the
government should accentuate and propogate the benefits of AVs because doing so would not
2yte SyKFEyOS YSyQa | LIINBOAIFIGA2Y 2F ! 4% odzi I ft
both men and women would adopt Agsicker.
Not all researchers find or always find that gender differentiates AV adoption. Bansal and
Kockelman (2018) did not find @ractically significant relationshipetween gender and AV
adoption in Texas, whereas both researchers foitrid their coauthored article: Bansal et al.
(2016), which is a studyriAustin, Texas. The differenceay lie in the choice of different
geographic scal&kecalling fronChapter 2{raditions and social norms, and habits are important
O2y aiNHzO0Ga 27 thds@LavVSditinayalyobehe sokigdeyoaomic differences
and differencs in lifestyle and world viewbetween Austiites and the suburbarand rural
residentsof Texas that contribute to the opposite findings.
Panagiotopoulosand Dimitrakopoulos2018 surprisinglyfound that females are 32%
more likely to purchase or use AVs, and thus conalubat there is a huge gender difference in
intention to adopt AVs in Europe. However, the validity ofithisding is doubtablebecause
males comprise about sen tenths oftheir samples, while they did not weigh their data before

analysis. In addition, their sample size (n = 488y be too small to represent all Europeans
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When distinguishing PAVs and SAVs from each other, males and females are often not
significantly different. As introduced before shortly, Bansal et al. (2016) found gender is a
practicallyd A Ay AFAOLI yi Tl O02NJ SELX FAYAYy3I 1 dzAGAYAGSEQ
they noticed thatgender difference is not prominent if PAMsdaSAVs are discussed separately
Lavieri et al. (2017lIso noticed the same phenomenddowever,in this studya specific group
of males has significantly more interest in using SAVs for car sharing (but not for ride sourcing).
This group is males witt least one casharing experience. This significance is probably because
in Puget Sound, a higher proportion of males than that of females have tried car sfizaineri
et al., 2017)In Australian metropolitan areas, males and females are simildrein preference
to using SAVs either with or without dynamic rslearing Krueger, Rashidi, & Rose, 2D16 the
GTHA, gnder is not found significant fdmoth PAV and SAV adoptiofisaidlaw & Sweet, 2017)

It is not at all places that gender is notrsfgcant for PAV and SAV adoptioirsHaboucha
etal. (2017R & alsradgRv&alE drivers are noticeably more favorable of SAVs than Israeli female
drivers though this significance is not found in America and Canada. As the data from all the
three counties were analyzed using the same statistical models, Haboucha et al. (2017) is a
strong proof that geography as well as culture, religiand social norms play roles in shaping
YIHESaQ yR FSYIFHfSaQ AyidiSyidazya G2 |R2LIG t! +a&

3.1.3 Ethnicity, Citizenship, and Country of Residence

CKSNBE A& y2 aA3dYyATFTAOFYld RAFFSNBYyOS 06SiG6SSy
FNRY Y2NB RS@Sft 2LISR O 2largriaddileStiakes, Gighdr kicatbryndld € £ |
higher incomé& 0 Y & NA& I, . A3R)Aadie olvibusly mote worried about the security of AV
data transmission (Kyriakidis et al., 20B&zilinskyt al., 2015). Kyriakidis et al. (2015) provided
one reason for this difference: as people from more developed countries have more tiegasi
more valuable properties and belongings, the unpleasant outcomes of data misuse may be
severer accordingly. People from less developed countries value morefeosaliety than
property safety One key reason is that less developed countniage more fatalities from car

accidens.
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Although there is a lack ddtudies talking about the differences of less developed
countries in AV adoption, differences between some more developed courdaie$e found
Compared to UK people and Australians, Amesae more likeljo bed¥ S NE  Oabgud S NI/ S R ¢
legal liability, data privacy (lottan and destination tracking), interacting wition-selfdriving
vehicles, system performance in poor weather, and-dalfing vehicles not dving as well as
human drived ¢Schoettle& Sivak2004,LJ® Ho 0 @ ! Y LISc¥érdftely conddBetl 2 T (1 Sy
(Schoettle& Sivak 2004, p 23) about these itemsyhile! dza G NI € Al y& I NB 2FGSy ¢
(Schoettle& Sivak 2004 p. 23) about them. Despite these differenc8sloettle and Sivak2004)
specify that the people of the three countries overall are quite similar in terms of their
preferencesto AVs.Habouchaet al.(2017) indicate thatlsraeli and North American drivers have
drastic differences itheir attitudes towads AVsFirst of all, North American drivers are over 2
times more reluctant to replace their current vehicles with PAVs or SAVs (32.7% in North America,
FYR Mody:s AY LaANIStft0d ¢KAA RAFFSNBYOS O2yiNR
abandontheir current vehicles, and use both PAVs and SAVs (10.5% in North America, 17.4% in
Israel). In addition, Israeli drivers are 43% more prone to comprehensively use their current cars
and two types of AVs (PAVs, and SAVs) (16.5% in North America, andri2ziéél), and 50%
more preferred to use SAVs only (5.4% in North America, and 8.1% in Israel). In terrss of co
North American drivers camaore about purchasing cost, while Israeli drivers pay more aitbent
to subscription costOverall, Israelis ammore acceptant of AVs, PAVs, and SAVS.

There is a couple atudies discussing the relationship between ethnicity and AV adoption.
Pettigrew, Fritschiand Norman 2018 point out that in Australia, AVs have a potential to
increase the job accessibilyT AYRA ISy 2dza LIS2LIX S Fa Y2ad 2F (K
GKAT S RNA GS hdoybs niard@dsyyfoi Banygod<O Tz, AVs would help the indigenous
people acquire &igherjob accessibilityBansal & Kockelma@18 reveal thatm TexasWhite,
EuropeanWhite, or Caucasian Texans overall have almoshtemtion to use SAVeven ifthe

priceisfair, whereas other ethnicities do not have such a low intention.

30



3.1.4 Education

There is an intense debate on the relationship between ediocatand intended AV
adoption. Schoettle and Sivak (2014ijjamoet al., 018, and Shabanpouet al. (2018) argue
that the relationship is significant, and that people wélhigher highest completed education
more welcome AVs, more appreciate the batedf AVs, and are more likely to addpem first.
On the countryBansabhnd Kockelman2Q18), Zmud et al. (2016), ardavieri et al. (2017) argue
the opposite.

By analyzing the surveys of theidies, there exist some cluesglaining their differene.
Firstof all, the threestudies arguing the absence of the relationship between education and
intended AV adoptionall studiedplaces inUS The threestudies arguing the existence of the
relationship cover a much broader geographic gigze Tabl&.1). It is impliedthat the absence
of the significant relationship happens at some places in America, but not the whole Amlerica
addition, the significance may commonly exist in the developed countries except America.
Possiblythe significance between egtation andintended AV adoptionmay oftenfluctuates
aroundthe significance thresholdcross geographies. This guess is inferred from two sources.
Haboucheet al. (2017) admit that their found significance is weak, whereas Lavieri et al. (2018)
remindstK I & SRdzOF GA2y KIFa | fF 4GSyl despitefhaidheydlyy LIS 2 L.
not find the significanceThe latent effect is thabigher education would make people less averse
to acceping AVs

RegardingPAVs particularlyKyriakidis et al. (2A5) foundthat peole with a higher
education level are willing to pay more for both level 4 and leveAYs. It is partially because
they are more confident idriving a vehiclavithout a steering wheelUsing the GTHA residents
without a professional dgree or without a graduate degree as a reference group, Laidlaw and
Sweet (2017) found that the GTHA residents with a professional degree are more willing to pay
more for PAVs, and this relationship is outstandingly strongnédicine, dentistry, vetering
medicine and optometry are the considered majors of a professional degree, workers doing
medical science jobs may particularly value some characteristics of PAVs, which may include
Ffft26Ay3a GKSY (2 NDa baviegghdinkeBupten fioih atherpgoplev®enO | & S & :

they rest or work in a vehicl@n the contrary, Laidlaw and Sw&2017)did not find asignificant
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relationship between holding a general graduate degree and having a higher intention to
purchase PAV&robablyit is becausgheydza SR G KS LIS2L)X S 6AGK | o6 OK!
level of diploma or certificate as a reference group, which is usually not a way in which other
researchers study the impact of education. Usualtgearchers separatgeople with a diploma
orcertifidc 0 S f 2 6 SNJ (sklegyedrompe2l LA KSS { 2ANKK | avheOfisr@ihgz NDa R
a reference groupBy separatingthem, Shabanpour et al. (2018)eveal that people with a
graduate or professional degree would be early adopters of PAVa.similar wg, Haboucha et
al. (2018Qemonstratethat people with at least a college certificate are more willing to buy PAVs.
Therefore, it idfair to judged K 1LIS2L)X S 6AGK | o0l OKSf 2NDRa RS3
likely to be early consumers of PAVSs.

Talkng of SAVghe medical science graduates | YR G KS 3ISYy SN}t Yl ads!
degree holdersn the GTHA are major grogtending to use SAVs now atiten (Laidlaw &
Sweet, 2017)Comparinghe two groups the formeris willing to pay more for SAMer getting
access to transit stations, whereas the lattemore willing to use SAVSs for general uUSemilarly
Lavieri et al. (2017pund that the Puget Sound residentsith an undergraduate or a graduate
degree appear to have more passion for SAV. i'saddition,Haboucha et al. (201&bserved
that people with at least a college certificasge more willing to use SAVs. Therefore, the

attitudes ofwell educated people towards PAVs and SAVs are slyniiagh

3.1.5 Student status

Students aged 18r over are a major group favoring AWabolcha et al. (2017) argues
that drivers who have a student status wouikkly become early AV adopters in North America
and Israel. Zmud et al. (2016) found tt@me-based Austin students particularly intent doive
PAVsHence, PAVs have a potential to increase the molmfityome-based studentsThere is a

lack ofstudydiscussing the relationship between student status and intended SAV adoption.

3.1.6 Employment status

RegardingA\Vs, ilAmerica, UK, andustralg, fulltime employees would be a major group

to adopt AVs wherthey become market availableS¢hoettle & Sivak, 2014t is because they
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are moreconfident in AV safety, and more believe that AWsild contribute to a lower insurance
rate.

Regading PAVs, &ud et al. (2016) found thatome-basedAustin workers particularly
intent to drive more in an AMominant future. This is an evidence that the availability of AVs
would encourage more people to drive PAVs, and therefore increase the densiiofes on
road. LaidlavandSweet R017) also looked at hombased workers. They found that in the GTHA,
these peoplare significantly more willing to pay a higher price for PAVs. This significance is also
true for those who wrk more than 60 hours peweek probably because they want to have a
good rest on their way to and from their workplaces.

RegardingSAVs,Bansal and Kockelman (2018) did not find a practically significant
relationship between employment status a4V adoption in Texas, though unployed Texans
are noticed more likely to use SAVs as ftirece is reduced. This finding suggests that the
unemployed may become a major group to use SAVs {btilce is fair Narrowing the geographic
scale down tAustin full-time workers are likely tase SAVs at least once a mo(@ansal et al.,
2016).Nevertheless, this frequency is lolm the GTHApur of fivestudied employment statuses
have close relationships with SAV adoptigaidlaw & Sweet, 201L7Working at home and
working full time or jart time are thetop 2 socieeconomic variablestrongly related tantended
SAV adoption. In addition, people without a job or not in thlkour force, and those working
more than 60 hours per week are othigvo groupslikely to use 8Vs frequentlyAs peple of all
major employment status are associated with a higher likelihood of using, @&MfEoyment
statusisy 24 F 3I22R AYRAOI (2 NJ 2 The 2tifef QBEHA fediderstda oz 2 R 2
have a significantly more or less interest in usiny §Ahisis consistent with their finding that

in the GTHApeople more than 55 years old are much less interested in adopting SAVSs.

3.1.7 Occupation
As mentioned in Chapter 2, reluctance to lose the control of the steering wheel is a reason

why some peple would not want to adopt AVs. Thus, it is anticipated that professional drivers
would behostile to AVs, which is whateRigrew, Fritschiand Norman 2018 suppose. They
believe that the intensity of the hositility depends amhether they would findsatisfying
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alternative jobsafter AVs replace their socioeconomic functions, which is associated with how
much efforts that their current employers and the government would put to help them.

Laidlaw and Sweet2017)studiedthe impacts ofthree groups ofbccupations. Theare
(1) manufacturing, construction, and trades; (2) professional, management, and technical; and
(3) sales and service. None of them are significantly associated with PAV adoption, but the first
two groups are more or less significandlgsociated with SAV adoption. In specific, the GTHA
residents working in the first occupation group significantly more favor SBN'ghe contrary,
the GTHA residents working in the second occupation group are significantly less favorable of
SAVs under cain price and trip purposeHowever, reminded by section134, medical science

labourers should be excluded from this group as they favor SAVs.

3.1.8 Household income

Bansal and KockelImgR018 did not find a practically significant relationship betwe
household income anthtended AV adoption in Texas. The absence of this significance may be
RdzS (G2 GKS NBaSINOKQa AIy2NIryOS 2F LISSNI Ay T d
people with lower annual household incomes would like to@tddVs when 50% of their friends
have adopted themwhereashe majority of people with higher annual household incomes are
inclined to adopt AVs once 10% of their friends have adopted them. Therefore, people with
higher household incomes are much less jeative to peer influence. Moreover, annual
household income is an indicator of how sodffetent people would adopt AVs.

Ly GSNX¥&a 2F LIJS2 L)X SQa,ShindFobr staly(ZD$8) abservddttMO K | & ¢
Chicagoans with a household incoraEmore than $100,000 are resistant to the changes of
purchase price and fuel cost. On the contrary, people with less incomes would be more reluctant
to buy PAVs if the purchase cost or the fuel cost goes higarsal and Kockelman (20X8)d
Bansal et al. (203&ave similar findingsBansal et al. (2016) also found that median household
income is an indicator ovhether the households of a neighbourhood are overall favorable of
PAVsThe threestudiesdemonstratethe importanceof cost as a construct, and thimportance

is more prominent as theostgoes up.
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Despitethe consistency of the above two findingse relationship between household
income and intended PAV adoption is not consistent across geographies. For example, in the
GTHAmost income ranges arneot significantfor PAV adoptionexcept for the $0 to $15,000
range(Laidlaw & Sweet, 2018}imilar toBansal and Kockelmd2018) Q& &G dzReé Ay ¢ SE}
and Sweet (201830 not includepeer review as a mediator of the relationship between
householdincome and intended PAV adoption, which niage some importance of household
income.

Contrary to their findings about PAVs, Laidlaw and Sweet (2017) observedotimat
household incomegroups have a significant relationship withntended SAV adoption ued
certain costs antrip purpose.Similarly Bansal and Kockelman (2018) found in Texas that people
with a household income of less than $30,000 are more in favor of usingdd®Nfsthe price is

fair.

3.1.9 Personal income

Studiesfocusing on differat geographic scales have different findings on the relationship
between personal income and intended AV adoptibavieri et al. (2017)and Krueger (2016)
whose samples were frometropolitan areasdid not find the relationship significariKyriakidis
et al. (2015), andHaboucheet al. (20T), who collect samples at a national scaleund that the
relationship is implied significant and positive.

Focusing on a subgroup of the populatiorgbiducha et al. (2017) found that drivers of
low incomes would ot liketo replace their current cars withRAV while divers of high incomes
are overall in favor of the replacement if thmurchasecost is less than that of conventional
vehicles.However, if the purchase cost is higher than that of conventional les)ithe high
income drivers would be significantly discouraged to arrange the replacement. Thus, cost is a

mediator of the relationship betweepersonalincome and PAV adoption

3.1.10 Household Size
Bansal and Kockelman (2018), and Bansal et al. (20d.6pt find a practically significant

relationship between household size and intended AV adoptios noticed thatpractical
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significance is a stricter significance than statistical significance (Bansal & Kockelman, 2018;
Bansal et al.,, 2016)Thus,a statistical significance may exist between household size and
intended AV adoption.

Regardind®?AVs, Shabanpour et al. (2018) point out thatiseholds with more members
¢ especially those with at least 3 household membeese more prone to buyPAVsin Chicago,
lllinois. Theythink one reason is that parentgould like to use PAVs fock up and drop off their
childrenwithout their presence, whichvould spare more time to th@. They backed up their
thoughtby their finding that large households that seavehicles among their members are more
likely to buy PAVsHowever, this thought is suspicious because households with 3 or more
members do not have to have young dependeitghe GTHA, household size is not a significant
factor for PAV adoption (Laall & Sweet, 2017)This different finding may be caused thyee
reasons. First, the significance may vary across geographies. Stmndesigned their surveys
in different ways Shabanpour et al. (2018) asked their survey participants lots of scenario
guestions, and then asked them whether they would buy®A&/ as describedOn the contrary,
the survey that Laidlaw and Sweet (201i8edRA R y 28 | a1 LIS2L) SQa ogAf f .
different traits. Hencea largehouseholdin the GTHAnay have atronger preference to buy
PAVs of certain traitS'hird Shabanpour et al. (2018) treat households with at least 3 members
as a group, while Laidlaw and Sweet (2017) do not indicatedbesyp.

In the GTHA, houselsbkize is a significafactor for SAV adation: households with more
members are likely to use SAVs more frequenthfy when the pricas fair (Laidlaw & Sweet,
2017) In addition, using SAVs for accessing transit would obviously reduce the significance of
household size for SAV adopti@ifferent from Laidlaw and Sweet, Bansal and Kockelman (2018)
and Bansal et al. (2016) can only find a significant impact of household size on SAV adoption when
the priceis high,though the significance is not consistent in their studied high price range
Synthesizing the three studie#, seems that the significance of household size for SAV adoption

do exist, but only at certain priseMeanwhile, thesignificancevaries at different geographies.
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3.1.11 Household children

Someevidence shows that the umber of children in a household has insignificant
impact on intended AV and PAVadoptions (Bansal & Kockelman, 2018mud et al., 2018
Laidlaw & Sweet, 20)However, its impact on intended SAV adoption is under debéigeger
et al. (2016) did not finthe impactsignificant in the metropolitan areas in Australia. Haboucha
SG ftfd 6unmTO F2dzyR GKFG Ay b2NIK ! Y ShNKDI

with at least 1 childs moderately yet significantly associated with a higher fava@@A&¥sin the

GTHAhowever, households with at least one member aged 15 or below are significantly less

inclined to use SAVs if the Sffenot used for accessing transit statiofhsidlaw & Sweet, 2017)
On the contrary, these households are signifitamtore prone to use SAMsSAVs areised for
accessing transit stations.

There are some factors that may explain the differences. First is geogreybigh was

clearly indicated aboveSecond is approach of data analysis. Haboucha et al. (2017) did not

discuss presence of children in household in terms of different prices of&@®\Msp purposes
while Laidlaw and Sweet (2017) did. Thi#gboucha et al. (2017) found one significant
correlation, wheread.aidlaw and SwedR017)found theimpact ofhousehold children igjuite

sensitive to trip purpose

3.112Dr i ver 6 s Li c e naeDri@ngcExgeaenaey
TKS AYLI OG 2F LkRaaSaairzy 2F | RNAGSEDA

mediated by somagentsSpecifically LJS2 LX S K 2 licéhdepd halving R sk VOTS Fap
PAVs typically do not want to buy PABsansal & Kockelman, 2018)his relationship is even

stronger if they are oldeand more experienced in driving. These people are also substantially

less interested in adding conrtagty to AVs. Thus, CAVs do not make PAVs more acceptable to

senior experienced drivers.

Somep 2L S 6A0GK I RNAOSNNa tAO0OSyasS | a oSttt

worry about cyber security and data privacy, and lack confidence in trabilgy of the vehicle

automation system. Kyriakidis et al. (2015) studied the correlations between 18 population

features and confidece in AVassociated data tramsission. They found thahe number of years

K2t RAY3 I RNA S NI dsolutd &8 Wefl @sSposiikapactibi tiscakfideheeS a i
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They also found that more experienced drivare generally more confident in the safety of AVs

without a steering wheelRecalling Chapter 2, the thesis realitest more experienced drers

are morereluctant to drivevehicles without a steering wheel because of a combined effect of

desire for control, hedonic motivation, habit, traditions and social norms, performance
expectancy, perceived usefulness, effort expectancy, facilitating condition, rarst flhus,

despite a strong trust in the reliability of PAVs, experienced drivers as well as people holding a
RNAGSNDRa tA0SyasS F2NJ Y2NB &@SINBE R2 y2i slyid
have been used to using the steering wheel, marexing their vehicles, anliving with their

developed driving habit.

PRaasSaarzy 2F I RNAOGSNRa ftAO0SyasS 2FGSy RAaal
2018; Bansal et al., 2016). Howevtite discouragement is mediated by the purpose of using
SAVsLY tdzZaS0G {2dzyRTI LIS2LX S 26yAy3 | RNADGSNIDa f A
not for onndemand vehicle servicekdvieriet al., 2017). The authothink one possiblaeason
Ad GKIG I RNAGSNR& f A OSsharify, hitavoeidRot i@ fde sotircing.S |y

Relating to the last paragrapla more concrete explanation is that many people who have a
RNAGSNRAE fAOSyasS KlirfitBnsett®dive, addah§ve deliebpedzi HahitBf G K S
using a steering wheel whemaveling; thus, they can accept an alternative travel mode still
coping with their current travel behaviors, but cannot accept a travel mode that would cause the
loss of their travel habits.

Like its impact orintended PAV adoption, the influence of ps&a & Ay 3 | RNA @S NI
on intended SAV adoptiois mediated by some agenti Texaslicensedoeoplehavea limited
passion fofSAV adoptiorfBansal & Kockelman, 2018his passion is even less if a Texan driver
is a Caucasian, experienced, or live &avay from a transit stationFor another instance
experienced Austin drivers as well as senior Austin drivers typically show few interest in using
SAVs (Bansal et al., 201Bansal et al. (2016) proposefew reasons. First, experienced drivers
conside that learning using SAVsa burden. Second, driving is enjoyable for them, so they do
not want to lose the joy. The first reasoeveab that perceived ease of ugeK | LJIS& &Sy A 2NJ R
intention to useSAVsThe second reason emphasizes that desirebntrol is a key construct
SELISNASYOSR RNAGSNEQ NBf dzOGlIyOS G2 dzaS {! +&ao
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NEYAYRa (KIFG Ll2aaSaairzy 2F || RNAGSNDa fA0Syas
while Laidlaw and Sweet (20) consider SAVs would have an important function: improving

LIS2 LY SQ& | OOS&aA0 A khédtherirehsorisNiayynaludé (hng unwilking vy &4 @ |
to share travel space with too many people, (2) suspedhiagSAVs would be primarily uséar

accessing transit stationand (3)believing thatusing SAVs would not be as tirsaving as PAVS.

3.1.13 Personal Vehicle Ownership

Generally, there is a lack of significant relationship between personal vehicle ownership
and intended AV adoption @dsal & Kockelmar2018). However, pople owning vehicles of

some level of automation are more acceptable of AZfaud et al., 2016; Konig & Neuma3®;17)

3.1.14 Household Vehicle Ownership

The relationship between household vehicle ownership andndied AV adoption varies
at different places. In Finlanéhouseholds without a camwhich usually rely on public transéte
significantly more enthusiastic about adopting Ai{djamo et al., 2018)On the contrary,
households with at least 4 cars typligado not welcome AVSn Puget Soundhe number of
vehicles in a householdas no significant relationshiwgith intended AVand PAVadoptions
(Lavieri et al., 20178milarly in the GTHAouseholds with 3 or more private vehicles do not
appear signittantly different fromother householdsn terms of WTP for PAVs (Laidlaw & Sweet,
2017) However, two subgroups should get an attentidfirst, households owning a vehicle
costing $30,000 or more are significantly more willing to pay more for PRW¥s.pant shows
again that income is positively correlated with the intention to adBptvVsSecond, households
owning a hybrid vehicle strongkesist PAVsSimilarly in Puget Soundxperience of using car
sharing would boost the likelihood that a householdheut or with only 1 vehicle wouldse
AVs for car sharing (Lavieri et al., 20IIis point reflects again that technology use is an
AYLRNIFY(d O2yaidNHzOG 2F LIS2L) SQa AyiaSydazy G2

RegardingsAVslLaidlaw and Sweet (2017) draws more attentiortlie households with
more private vehicles. They found thatthe GTHAhouseholds with 3 or more private vehicles

would besignificantly more averse to usif@8AVsf SAVsare not usedo accesdransit stations
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at a fair prize Thisaversionis actually outstandingly strong. This findinguggests that the
significant negative correlation between household vehicle ownership and intended SAV
adoption only exists under certain price and trip purpos®oking at some subgroups is
important as well. In the GA, households owning aehicle costing $30,000 or more, and
households owning a hybrid vehicle have significantly less favor of S#sitsgfSAVs isot for
accessing transit statioat a fair price (Laidlaw & Sweet, 201Thus, thehouseholds may use

SAVs more frequently they are used to access public transit

3.1.15 Vehicle Accident Experience

People who experiencedt least one vehicle accidefriot necessarilyncurred aninjury)
are usuallyfound to have better attitudes towards AVs, have aheigW TP, and would be future
early AVadopters (Bansal & Kockelman, 2018; Bansal et al., 2Biébanpour et al., 2018;
Kyriakidis et al., 2015). Theysuallysignificantly more appreciate the safety benefits of AVs
(Bansal & Kockelman, 2018; Shabanpoualgt2018). People with more experiences of vehicle
accidentsusuallymore value the safety benefits of AVs, and more want to adopt AVs (Bansal &
Kockelman, 2018). Moreover,removiRg = RNA OSNBRQ f AF oAt AGE AYy Ly |
lanesforA¥g 2 dzf R 602230 GKSA&S LIS2L) SQa LI aarazy F2N |
Not directly contradicting with the above findingsxperiencingone or more vehicle
crashes significantly redus&JS 2 L)t SQa 2ig the GFRANAidtaw & Sweet, 2017 is
unknown whether the lower WTP implies a lowmobability thatthey would eventuallybuy
PAVs. Hence, the GTHA residents with at least one crash history may still be willing to purchase
PAVs only if the purchase cost is low.
The relationship betweenrehicle accident experience and intended SAV adoptioots
stable. In TexasMore than one fatal or serious crashes experienced in past 15 yesirs
significantly related to a stronger wish to use SAVs as their primary or sole transportation mode
even ifthe price igo be high(Bansal & Kockelman, 201 &imilarly in Austin, Texa$e number
of experienced vehicle crashes is practically significantly and positively associated with the
inclination to use SAVs at least once a wee&nif the price isto be high (Bansal et al., 2016)

Thus,Bansal & Kockelman (2018) and Bansal et al. (2tdt@)reveal that people with at least 2
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fatal or serious crashesould quite rely on SAVsnd their loyalty to SA%% resistant to price
change Probably, that idbecause these people highly doubt their driving skidlad havelittle
trust in the safety of manually operated vehicles.

Different from the above twatudies Laidlaw and Sweet (2017) did not find a significant
relationship between crash experience andeimded SAV adoption in the GTHAobably it is
becausethey discuss one and more crashes altogether, whereas one crasmarelthan one
crashare discussed separately in the two case studies in Texas. It could also becauseliee

of peoplehavingexpeienced more than one severe crash is much less in the GTHA

3.1.16 Disability or Low Mobility

There are some observational evidence that people with a disabilitpwwmobility may
be more willing to adopt AVs, buaihe truth of the statement is yet to é further assessedn
Texas, this significance is indicatdzsent(Bansal & Kockelman, 2018)owever,in Austin, Texas,
Zmud et al. (2016) interviewed 11 people with a trasadtrictive disability. Thewere all highly
enthusiastic about AVbecause tky commonly anticipated thafAVs would fundamentally
improve their mobility If the 11people perfectly represent the peopleith travekrestrictive
mobility, then it would be true that travelestrictive disability would ensura high favor of
adoptingan AV.! RRAy 3 (2 %YdzR SiG fd S6unmc0OQa ljdzl £ A0
guantified thatChicagoans with a disability are willing to pay 27% more for AVs

As the study area of Zmud et al. (2016) is contained in the study area of Bansal and
Kocketnan (2018), it is necessary to figure out why the two sources suggesbsite
relationships.The reasommay bethat Zmud et al. (2016) particularly interviewed people with a
travelrestrictive disability, whereas Bansal and Kockelman (2018) studied tb&e wisabled
population. As not all disabilities cause a decreadeavel mobility, the answers of people with
a nontravelrestrictive disabilitynay havediluted the effect of travetestrictive disability on AV
adoption. The differene of the two souces may also suggetstere are lots of disabled people
without a reduced travel mobility in Texas as well as its city: Austin.

There are some observational evidence that people with a disabililgwomobility may

be more willing to purchase PAVBrom an assessment ofhe textual responsedo their
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international surveyfrom people with a definite physical impairment or disabjlBazilinskyyet
al. (2015 observed thatpeople with mobility issuesre quite looking forward to the market
availabilityof Ad8® C2NJ 6 KSYX ! a4 ¢g2dzZ R fA]1Sfteé& KSfLI (KS
They highly value this potential because they want to gain more mobility, and travel around
independently Laidlaw and Sweet (2017) noticed thdtet GTHA residents with a pdigal
disability seem more willing to pay more for PAVs, though this tendency is insignificant.

In the GTHA, people with a disabilaye significantly more reluctant to use SAVs if the
price isto behigh(Laidlaw & Sweet, 2017)hus, to increase thefavor of SAV.ghe price should
be controlled at a fair leveln addition, SAVs should not be exclusively used for accessing transit
because thigxclusionwould makethem dramatically less favableof SAVsNeverthelesseven
if the price ido befair, the attractiveness of SAVs to thepeople would not be significantly high.

Krueger et al. (2016) studied a subgroafppeople with declining mobility in Australia.
They firsthypothesized that either seniors aged 65 or over, or seniors aged 75 or outd e
a major age group more favoring using SA¥sausemany seniors aged 75 or more lost their
legal right to drivedue to theirdeclined health, while SAVs dotNB lj dzA NB dza SNB (2 Kl
license However, their hypothesis was rejected by theéata analysisThis finding suppostthe

finding from Section 3.1.that seniors have a much lower interest in SAVs.

3.1.17 Two Insufficiently Studied Variables
Bansal and Kockelman (2018) do not find that the number of workers in a household, and

marital status have a practically significant relationship with AV adoption. Future AV researchers
can verify this relationship, and also check whether the two variables have a significant

relationship with intended PAV or SAV adoption.

3.2 Impacts of the Travel Characteristics of Individuals

8 of the 19 sources used in Section 3.1 also comprehensively modeled the relationship
0S06SSyYy GUKS (N} @St OKINIOGSNRadGAOa 2F AYRAODAR
& Kockelman, 2018; Bansal et al., 80Zmud et al., 2016; Shabanpour et al., 2018; Krueger et
al., 2016; Haboucha et al., 2017; Konig & Neumayr, 2017; Laidlaw & Sweet, 2017). They will be
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used for this sectiorAs most of thestudies discuss PAVs and SAVs separately, the section would

put more efforts in discussing the impacts of the travel characteristics on the adoptions.

3.2.1 Trip purpose
Regarding PAV adoptioBansal et al. (2016) fountthat Austinites viho drive to work

alone ardikely to pay more than $10,000 to adielel 4 automabn. It is unsure whether it is true
at other places.

RegardingSAV adoption Bansal and Kockelmar2@18 found in Texas thaa larger
number of recreational trips is associated with a higher likelihood of using 8A¥/the tendency
persists evenf the price is highKrueger et al. (201&jsedtrips for an educational purpose, or
for going back home as basasdfound that two trip purposeg shopping, and medical or dental
appointmentcA A AYAFAOF yiGft e RSONBIF &S YSiNgSWastwkhaut y ! dza
dynamic ridesharing.In addition, ro studied trip purpose (work, shopping, leisure, and medical
or dental appointment) is significantly related the ! dza ( NJikélikood/o Bing SAVs with
dynamic ridesharing Thus, leisure as wels@asual trips is not significant in the SAV adoption in
the metropolitan areas in Australia. Moreover, trips for work or school seem more involve SAVs
there. Therefore, Bansal and Kockelm201@®, and Krueger et al. (2016) infer that trip purpose
may besignificantly related to intended SAV adoption at some plaBesn if the significance

exists,the influential trip purposes wouldary from one place to another.

3.2.2 Transportation mode

Fequency of driving is not significantly associated viittended AV adoption Konig &
Neumayr, 201).

Regarding PAVSs, tl@THAresidentswho often driveare likely tobecomeearly adopters
of PAVsl(aidlaw & Sweet, 20)7 Otherprimary travel modes are notindicators of the GTHA
NBaARSydaQ f A1 SeASoBBRINRBafsal arid Kdckelingh32018), Bansal et al.
(2016),and Kyriakidis et al. (2015eople who drive more frequently are more likely to be early
adopters of PAVs.
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Regarding SAVSNAA Y NB G N} @St Y2RS A& | ykefhgod afOF G 2 NJ
adopting SAVd @idlaw & Sweet, 20)7When SAVs are not for accessing transit, people who
often drive would not use SAVs. However, when SAVs are for accessing transit, people of all
primary transportation modes would beery passionate about sing SAV.sThus, the general
public in the GTHA would be acceptable of using SAVs for increasing transit accessibility. Despite
so, the passion of frequent drivers is obviously lower, widahsal et al. (201@&)lso noticed

Although not varying SAV pridérueger et al. (2018)ave similar findingasLaidlaw and
Sweet (2017). Thefound that compared to those whose primary transportation modes are
cycling and walking, Australians whose primary transportation modes are driving, taking public
transit, or wsing both modes are more willing to use SAVs without dynamieshdeng, and
transit users are more passionate about SAVs than drivers regardless of SAVIhgesso
found thatpeople often comprehensively using multiple transportation modes preferse SAVs.
Moreover, they noticed that frequent casharing usergjuite prefer to adopt SAVs with dynamic

ride-sharing.

3.2.3 Travel frequency

NdzYo SNJ 2F RNAGAY3I SNNFYyRa A& Fy AYRAOFG2N
Haboucha et al., 2017%pecifically, people who rarely drive or who do not drive express more
enthusiasm towards AVs, while people with more daily driving errands would be more likely to
keep their current vehicle, without a replacement by an AV. The second half of the rel@pon
is consistent with a prior finding that more experienced drivers tend not to adopt AVs

Regarding PAV$) the GTHAthe residents who use cdemand drivng servicesno more
than once a wek have a substantial passion to bBRVs, with a higher WTPaidlaw & Sweet,
2017) Furthermore, the less they use -@iemand driver services, the more passionate they are
for PAV purchase. Thud)e attitudes of ondemand drivingservices users towards PAVs are
differentiated by their frequencies of using the sees.Thesefindings areharmonious with a
previous finding that frequent drivers are more likely to adopt PAVs.

Haboucha et al. (2017) found thati b2 NI K ! YSNAOF FyR L&NJ St =
2y UKS gle G2 $2N] 2N A\asnoKdghificank rel&ionShip avith the KS R |
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LIS2 L)X SQa AYGSYRSR t! = | RiusdheirfindingdsidiFfededtdadidiat S G |
of Laidlaw and Sweet (2017). It is noticed that Haboucha et al. (2017) impledemalyss at a
national scale, whal Laidlaw and Sweet (2017)ddit at a metropolitan scale. Hence, the
difference in geographic scale may be a source of their difference.

Regarding SAVs) ithe GTHAthe frequency of using edemand driving services is
significantly and positively reladeto intended SAV adoptiofhaidlaw & Sweet, 2017)herefore,
frequent ondemand driving services users have drastically different attitudes towards PAVs and
SAVs. Recalling that people who frequently drive, people who have a high household income,
and people whose households have more private vehicles also have different attitudes towards
PAVs and SAVS, it is necessary to discuss and model PAV adbf#dnsseparately.

Haboucha et al. (2017) found that North! YSNA OF 'y R L&NJF Stiss (KS
2y UKS ¢gle G2 $2N] 2N Ay GKS YARRES 2F GKS RI
LIS2LX SQa AYUSYRSR {! 2 [FTR2LIAZ2Yyd | 26SOSNE Ay

items in a trip, they would be more reluctant to use SAVSs.

3.2.4 Trip Distance / Travel Time

Regarding PAVs, a longer travel distance and a longer travel time both contribute to a
stronger desire to purchase PABansal and Kockelman (2018) mentdrhat distance from
workplaceto home is positively and significaély correlated to WTP for level 4 automation,
though this correlation is not practically significaf@ansal & Kockelman, 2018h addition,
Shabanpour et al. (2018) revedlthat a longer annualehicle miles travele@VMT), and a longer
travel time contribute to a higher demand for PAVs. Similarly, Kyriakidis et al. (2015)
demonstrated that people who travel a longer distance udyalre keener to purchase PAVS.

Trip distance is also an important factor for intended SAV adoptionPractically
significanty, astheRA a i YOS FNRY 2y Sa@rést tkadsy Satioit decréasedn 2 NJ K S
Austiniteis more likely to become one of the first to adopt SAVs as his or her primary or sole
transportation mode and vice vers@Bansal & Kockelman, 2018he likdihood is higher if the
price is lowerThus, in Austin, people would be in favor of using SAVs for a short run to a transit

station, especially ithe price igo befair. Ly G SNX&a 2F GKS (NRA LBamalaidl y O
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et al. (2016) identiéd that the relationship betweeihe distance and intended SAV adoptimn
practically significant and positive when the price is fagthe price riseaver the fair rangethe
significance quickly weakens, and finally disapp&aus,a fair SAV pricenaytrigger peopleto
live far away from their workplaceAlthough not considering the variation of SAV price
Haboucha et al. (2013&Jso arguehat people who needs to spend a longer time émmmuting

are more favorable of SAVs.

3.3 Impacts of Land Use

It is challenging to findtudies discussing the impacts of land use At adoption. This
challengewvasalso mentioned bychelecter (2018). Only one paper has been found to exclusively
model the impa&ts Nodjomian and Kockelman (2018).summary of somef their important
findings is in Appendii.

Some papers also model the impacts, thougt exclusively(Laidlaw & Sweet, 2017;
Bansal & Kockelman, 2018; Bansal et al., 2016; Liljamo et al., 2018). These papers will be used for
the discussion in this seon. In addition, Laidlawt al.(2018) have some brief discussions on the
impacts. Thus, it will also be used.

Contrary to thefew amount of articles discussing the impacts of land use on AV adoption,
there are many articles discussing the impacts obAdption on land use. Some of them include
Bansal and Kockelman (201Bpnsal et al. (2018¥mud et al. (2016Heinrichs (2016Meyer
et al. (2017) Rice and Tomer (201, 7%chlecter (2018)Soteropoulouset al. (2019) Henaghan
(2018) Larson and Zha(?017) Zhang (2017)Bertoncello and Wee (2015and Hawkins and
Habib (2019)

The importance of these articles have been carefully evaluated. Fiisaware that the
impacts of AV adoption on land use do not necessarily provide implications amgeets of
land use on AV adoption. For example, Heinrichs (2016), Rice and Tomer (2017), Soteropoulous
et al. (2019), Henaghan (2018), Zhang (2017), Bertoncello and Wee (2015), and Hawkins and
Habib unanimously support that AVs, PAVs, and SAVs woudusik a reduction in parking
spaces, with a loss of approximately 15% of current parking spaces in-anBAWorld, and

approximately 90% of current parking spaces in an&@#yworld. However, it is not reasonable
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to say thatthe places with more parkimp spaces would be more harmonious to AV, PAV, and SAV
adoptions. That is because it would be the built environment resulting from a conversion from
parking spaces that would have some influences, while it is uncertaimmany parking spaces
would be lostin the future, where the loss would eventually happerhat exact built
environment would be produced, and hananyof the spaces would be converted into AV drop
off areas instead of a built environment (Heinrichs, 2016eRi Tomer, 2017; Soteropouloas
al., 2019; Zhang, 2017).

Understanding how AVs would change land uses has limited implications on
understanding how land uses would affect AV adoptions also because the change of land uses is
a very slow procesg even slower than the slow change thfe workplace locations and the

residential location®f the population(Wegener, 2004).

3.3.1 Population Relocation

Although land use change is a very slow process, a large population relocation due to the
general availability of AVs would still shape fature land uses, and would question the logic of
usingthe current socioeconomic and travel characteristics of population, anduaed to model
the PAV and SAV adoption potential of a platkus, it is necessary texaminewhether the
relocationwould be in a large scale.

Many researchers have found that the relocation would be in a small doalexasit is
expected thaapproximately8in 10peoplewould not make theelocation Bansal & Kockelman,
2018 Bansal et al., 2016). Among those who ¥dolike to relocate themselves, roughly half of
them would move farther away froma central city, while the remaining would move in the
opposite directionTypically, those who would like to move awieym acentral city have already
lived in the suburb, Wwile those who would like to move into the central city have already lived
close to the central cityThus, the distance of most Texans to their central cities would not
radically change.

Zmud et al. (2016)sed a qualitative approach to explore wéymeAustiniteswould like
to relocatedue to AV availabilitySome would like to move away from the central digcause

GKSe GKAYy]l] GKS K2dzaSa FIFENIKSNIFglkeé FTNRBY (KS
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facilitating condition of realizing thegoal of living in a better house that makihem wishto

move towards the suburlSome seniorwish to move closer to the central ciyecause thewre

losing their confidence in driving, and thus need to use alternative travel modes, while using SAVs
is considered a good alternative for therthey also explain that they anticipate SAvV<e
concentrated in the more populated central cityhese explanatiors remind that although
seniors in general have much less favor of A%Vs, and SAVs (see Sec3idrll), transportation
planners may not ignore the attraction of SAVs to some seniors as well as the economies of scale
of using SAVs in denser areas.

The proportionof the populationin other geographic areasho would like to relocate
due to AVss typcally much lower than that in TexaSoteropouloset al. (2019) noticed from a
review of more than 3@tudiesthat this proportionis usually forecaste@t no more than 5%in
addition, seniors are a major group intending to move to the suburb, while y@a@ople are a
major group intenthg to move to the central city.

Meyer et al. (2017) uskroad capacity and accessibility to model the population
relocation due to AV availability. They argue that both PAVs and SAVs would encourage peopl
to use a vehid for commuing. Thus, the already craded roads in the central city would be
more crowded and less accessible, while the suburban and rural roads would have an ample
space to accommodate the increasing vehiabdume.As PAVs and SAVs would support ong
distance commuts, many people would move further away from their central cities so as to
enjoy a better traffic and accessibility. Therefore, both PAVs and SAVs would contribute to urban
sprawl. The logic of Meyer et al. (2017) is that accessibilityeféaiently predict where people
would relocate but this logids likely problematicThis is because one than 30studies argue
that SAVs would contribute to an increagkinner city population, rather than inner city decay
(Soteropouloset al, 2019) Zhang (2017) supplements that SAVs would indeed contribute to a
longer commuing distance, but this contribution does not guarantee a longer comngut
RA&AGEFYOS FTNRY 2ySQa K2YS (2 2ySQa OSyidaNIrt OAQ
addition, Zhang (2017) poied out some concrete reasons why people would not move away
from the central city due to the availability of SA¥#st, the waiting time of SAVs would be

shorter in denser areas, so the best efficient use of SAVs would not be in sabutlal areas.
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Secondbpetter educatioral institutions and resourceare usually not in rural areas but in city or
town centers. They willttract people to stay closer to thenThird, there woulde much lesgob
opportunities inrural and suburban area

Urban morphologyis a mediator of the impcts of AVs, PAVs, and SAVs on population
migration. Herinrichs (2016) believe that the land use impacts of AVss,Rfd SAVs would be
different at different types of cities. He classified cities into thretegaries: (1) regenerative git
whichis characterized by development focus oenergysectorrelated technologdes intense
competitionwith other cities to attract population, and a relatively coan urban landscap€2)
hypermobile city, which is chacterized bya development focus ofifestyleand-commercial
benefit-oriented technology cooperation between the public and the private sectors, and a
continuous and sprawled urban landscape; and (3) endless city, which is characterized by limited
and pasive technological development, weakly powered government, and a fragmented urban
landscape with a low population density. In an-ddminant world, a current regenerative city
would develop into a large region with a central business district and multipéé urban centers,
and would have SAVs more commonly used than PAVs. A hypermobile city would have young
people moving to and staying in the central business district. It would also havenkimyne
people moving to the suburb and even the nearby ruraas. It is implied that SAVs would be
more important in the central business district, while PAVs would be more important in the
suburb and rural areas. An endless city would be sprawling, and its centraébsiglistrict will

be decaying. PAVs would dorant there.

3.3.2 Distance from the Central City
Sction3.3.1 seemingly implies that distance from the central city is an indicator of where

would locatethe people whowould more preferAVs, PAVs o§AVavhen AVs becomearket
available However,this implication is verified not true in Tex@B8ansal & Kockelman, 2018).
More verifications need to be donm other placeshefore deciding the general truth of ith
implication

Distance from the central city may be an indicator of SAV adoption. Band#l@rkelman

(2018) found that thér'exans living more than 10 milgs km)from downtown are willing to use
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SAVs, thouglwvhetherit is practicaly significantis not directly mentionedThis findingcontrasts

the argumentthat SAVs are only important inglcentral city. However, the importance of SAVs

in the suburb needs more research to be confirmed and explained. Bansal and Kockelman (2018)
also found that thelexans living in proximity to and in urban centers are anticipated to be more
favarable of SAVsf the price isto befair. This finding is consistent with the relevant finding of

Soteropouloset al. 019)(see SectioR.3.1).

3.3.3 Population Density
There is a significant relationship between population density and intended AV adoption.

In Texa, it is practically significant that the less thepulation dengy, the higher the proportion

of people who are in favor of adopting AlBansal & Kockelman, 2018)ljamo et al. (2018) have
an opposite finding. They classifiddnland into (1) denselypopulated area, (2) sparsely
populated urban area,rad (3) sparsely populated area. Then, tlieynd that the proportion of
Finns favoring AVs is the highest in the first area, and the lowest in the third area. In addition, the
proportions are obviouy dfferent in the three areas. Thus, in Finland, a higher population
density is associated with a higher likelihoodMdf adoption There are two possible explanations
on the difference of the twastudies. First, the relationship between population densitpca
intended AV adoption may vary across geographies. Second, the default meakiivs ohay
vary across geographies, while as shown by previoussations and sections in this Chapter,
the impact of a factor is often different for PAVs and SAVs.

Regardng PAVSs, here is m practical significance between population density and
intended PAV adoptionn Texas(Bansal & Kockelman, 2018)his insignificance should be
checked in other geographies.

Regarding SAVshdre is m practical significance between polation density and
intended SAV adoptiom TexagBansal & Kockelman, 2018Jowever, when the geographic
scale is downscaled to the capital city of Texagractical significance emergeSAVs are more
adaptable in the census blocks with a higher plagion density (Bansal et al., 2016)This
difference suggests that discussing SAVs as well as PAVs and AVs at a scale larger than a

metropolitan scale may dissipatbe significance of population densitinferred from Laidlaw
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and Sweet (2017), the GTHeésidents living in and neaensdy populated areas, such as urban

and suburban centers, are more favorable of using SAVs.

3.3.4 Job Density / Employment density

There is no practical significance between employment density and intended AV adoption
in Awstin, Texas (Bansal et al., 2016). However, it does not nteammbsentin other cities and
metropolitan areasBy measuring job density by the number of jobs within ten kilometers of
2ySQa fAQGAY3 ySAIKO 2 dzNK 2 2 R A Dceiaked With ahigieNpas2igndo RSy .
for PAV adoption (Laidlaw & Sweet, 2017). The significance presents for SAV adoption as well
only if SAVs are not exclusively for accessing transit at a fair prieeestingly, in the range of
$0.50/km to $1.50/km, the higér the price, the stronger the significance. Thus, the significance

of job density is resistant to price change.

3.3.5 Housing Type
Housing type is not significant for intended PAV adoption in the GTHA (Laidlaw and Sweet,

2017). There is a mere sign#it and positive relationship between living in an apartment and
intending to use SAVs when the price is fair and when they are not for accessing traikaw
and Sweet (2017) consider the mere significance as an important evidence that peoplenliving i

and near densely populated areas aremndikely to use SAVs

3.3.6 Household density

The impacts of household density may vary across geographi@aiget Sound, people
living inthe census blocks with a household density of at least 3,000 housepetdsjuare mile
(1,158 households per square km) are significantly more willing to adopt both PAVs and SAVs
(Lavieri et al., 2017)However, an interesting phenomenon exists in Austin, Texactical
significance with intended SAV adoption is lost whepulation density is replaced by household
density(Bansal et al., 2016The loss may reflect that population density is a better measure to

consider for planning SAV as well as AV and PAV adoptions. There is one dvideppert this
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reflection: popuation density directly reveals how many peomleéhe consumers of PAVs and

SAVZ live in a unit area, whereas household density does not.

3.4 Summary of Chapter 3
This chapter provides a profile of the impacts of (1) the socioeconomic characteoistics

individuals, (2) the travel characteristics of individuals, and (3) land use on intended AV, PAV, and
SAV adoptions. Tab&2summarizes what are expected to be generally tabeut the impacts,
from the reviewed 24tudies. This table would be a goadsource for the plannerand policy

makersaround the world, especially those in developed countries
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Table3.2Impacts of Studied Variables on Intended AV, PAV, and SAV Adoptions

Variable \ AVs \ PAVs | SAVs
Impacts of the Socioeconomic Characteristicdmdividuals
Age G C ¢ (price sensitive)
Gender Male: + X X
Femaleg
Citizenship Varies from country to Varies from country to Varies from country to
country country country
Ethnicity Indigenous people Indigenous people Indigenous people
(Australia)¢ (Australia):¢ (Australia)g
Whites / European Whites / European Whites / European
Whites / Caucasiss: ? Whites / Caucasians: ? Whites / Caucasians
(Texas)g
Education Some places: + + + (price sensitive)
Student status + Homebased students: + ?
All dudents: ?
Employment status Fulktime: + Fulktime: + Jobless: +
Homebased: + Not in the labour force: +
Work > 60 h: +

Homebased: +
Full time/part time: +
Work > 60 h: + (price

sensitive)
Retired: x
Occupation Professional driverg Professional dver: ¢ Professional driverg
Manufacturing, Manufacturing,
construction, and trades] construction, and trades:
X +
Professional, Professional,

management, and
technical (excluding
medical science
labourers): x
Sales and service: X
Medical science: +

management, and
technical (excluding
medical science
labourers) (price
sensitive)
Sales and service:
Medical science: + (price
sensitive)

Number of workers in
household

X

?

Household income

+ (place sensitive)

+ (place sensitive)

No observable linear
correlation. Some
household income range
may be significant under
certainprices or trip

purposes
Personal income Generally: + (geographic Generally: ? ?
scale sensitive) Driver: +
driver: +
Household size ? Relationship depends or] + (price sensitive)
vehicle traits
Household children X

X

Relationship depends on

price and trip purpose
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Table3.2 Continued

Variable AVs PAVs SAVs
Marital status X ? ?
5NA GSNDA ? C Ondemand SAVE
occupancy / driving As carpooling SAV drive
experience +
Private vehicle (PV) Generally: x Generally: x To use odemand SA\
ownership Not owning an Own > 1 vehicle: + To be carpooling SAV

automated vehicle: ?

Own an automated

driver: +

Owning an automated vehicle: +
vehicle: +
Household vehicle InFinland:q Generally: x ¢ (price sensitive and trip

ownership

In Puget Sound: x

Own a relatively more
expensive PV: +
Own a hybrid vehicleg

purpose sensitive)

Vehicle accident
experience

In general; +

< 2 severe crash
experience: X

> 1 severe crash
experience:

Disability / low mobility

Travetrestrictive
disability: +
General: x

Positive (insignificant)

¢ (price sensitive)

Impacts of the Travel Characteristics of Individuals

Trip purpose

?

?

Vary from place to place

Transportation mode

Impact is different
between PAVs and SAV|

Primary travel mode =
driving: +

Primary travel mode: vary
from place to place, but
often driving:q
Ridesharing users: +
Multi-mode travelers: +

Travel frequency

# daily driving errands;

# Ondemand driving
services use per moht¢
# errands on the way to
work or in the middle of
the day: x

# Ondemand driving
services use per month:
# errands on the way to
work or in the middle of
the day: x
Often transport lots of
items on a tripg

Trip distancd travel time

Distance fom workplace:
+

Distance from workplace
(1) fair price +
(2) high price x

Impacts of Land Use

Population Relocation

Impacts depend on type
of AVs

Encourage a small portio
of the population to
move farther away from
the central city and local
urban centers

Encourage a small portio
of the population to
move closer to the
central city and local
urban centers

Distance from the central
city

X

In and near the central
city or local urban
centers: +
In the suburb: ?
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Table 3.2 Continued

Variable AVs PAVs SAVs
Population density Varies over geographies ? At a metropolitan scale: 4
At a provincial/state
scale: x
Job density Employment| # jobs within 10 km of # jobs within 10 km of # jobs within 10 km of
density 2ySQa K2V 2ySQa K2V 2ySQa K2V
Housing type ? X Apartment: + (price
sensitive and subject to
trip purpose)
Townhouse: X
House: x
Household density ? %1,158 households/kf | 1,158 households/kr
+ +

Notes:

+ Significant positive correlation
¢ Significant negative correlation
X No significant correlation

? Unknown or unclear correlation
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Chapter 4. Methodology

This thesis has used Chter 2 and Chapter 3 to find out many factors that influences
2ySQa RSOAaAAZY YI | A JhHetwd ghapters ar& theteffortobanswefifg the ! + & @
first research question. They reveal that talking PAVs and SAVs together as AVs is proatematic
the impacts of a variable on them are often different. Thus, there is no necessity to model AV
adoption potential. Hencehis chaptemould only model the PAV and SAV adoption potential in
the urbancontext

As Table8.1reflects, many AV researchers @&dop a survey to assess what variables are
AAIAYATFAOLyGEte NBfFGSR (2 GKS LIS2LX SQa AyidSyi.
NBfFGA2YyaKALIA FNBX YR gKIFG @FNRAFO6fSEa I NBE NBf
a geographiarea. f the sampés of a survey well represettie whole population of the area,
the survey results can be formulated into mathematical equatiowhich provide scores
representing the PAV and SAV adoption potential in the area. As Chapter 3 indicates that some
variables significant in one location are not significant in another, this approach accurately finds
the variables that have a significant impact in a particular area, and thus accurately models the
potential inthe area. However, not all urban areas hatgficient resources, funding, and time
to design and conduct a survey, and analyze and formulate the survey results. Therefore, the
planners of some municipalities would prefer to find and use a commonly true model to decently
model the PAV and SAV adaptipotential n their municipalities, though the model may not
generate the most accurate results.

Chapter 3 also indicates that multipitudies find the same relationship between a
GrNRAIFoftS YR 2ySQa AyiliSyidAizy (2 clodhdiThis ! +a 2
indication justifieghat there exist commonly true models that yield the PAV and SAV adoption
potential of most (if not all) municipalities. Therefore, this thesis comprehensively reviewed
20KSNJ ! + NBaSH NIowdSshida Becth KSRy WA X olf v6R G KI G dza dz
intention to adopt PAVs or SAVS. Later, the thesis would assessuities that assign a weight
to each of their studied variables. Through teelectionand assessment processes, the thesis

would eventual formulate a few mathematical equations that can be commonly used in
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evaluating the PAV and SAV adoptiortguaial in a municipaty, or an urbanarea As no AV
researchers have formulated the equations, this thesis is the first effort to creatmthess

The thesis is awarthat the socioeconomic profile and land uses of an urban areg var
internally. Thus, the PAV and SAV adoption potential varies internally in the area. Hence, to also
model the variation, an urban area would be divided itite censis geographic units (CGU)
the same hierarchysuch as the census tracts (CTs) in Canada, and the census blocks in America.
Hence,tiis the PAV and SAV adoption potential in each CGU that would be modeled.

In addition to creatinghe modelk, the thess would introduce some methods of usiting
modeling resultsto analyze the PAV and SAV adoption potentiathe urban area. This
introduction would build a methodological foundatidar the next chapter, which would be a

case study of the potential in E6GTHA.

4.1 Modeling the PAV and SAV Adoption Potential in a CGU

4.1.1 The Scoring Model
Social scientists often use a linear regression, or a linear model to simulate the

relationship between a response variable and its explanatory vasa®nplevorks include the
studies listed in Tabl@.1that use a quantitative method with a definite sample sizhus, the
thesis chooses to formulate PAV and SAV adoption potent@liirear equations, and the thesis
callsthem scoring modelsThe general fornof a scoring model is

w O oo E oo (1)
where wis an adoption potentialscore;® B hw are the normalized quantified importancef
the explanatory variable for ; and & 8 hd indicate the weights of their corresponding

~

explanatory variablein the generation of the scorRarticularly, @ & E &  phon
Tip handN  Tip .
4.1.2 The Database for the Modeling
Census datas a commontype of data to whid planners and researchers have access.

However, dfferent countries may differ somewhat in terms of the specific data for collection. To
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make sure the eventually built models are usable in the GTHA as well as other municipalities and
metropolitans in Carda, the variables not collected by the 2016 Canadian census data (hereafter
referenced agt 1t KS O Sy & daét beRyualifiet ag a molidirfy variable.addition, how a
modeling variable is measured will be tailored to how the data of the variali@lected by the

census.

4.1.3 Three Scenarios for the Modeling
Asmentioned in Chapter 3, PAV and SAV adoptions should be discussed sepémately

addition, a variable may affe@ y SQa Ay (i S yIA% gifferendiy2at difféteht rices.
Therefore,the thesis will create¢hree scenarios for modeling: (1) adopting PAVS, (2) adopting
SAVs with a fair price, and (3) adopting SAVs with a high price. Adopting PAVs is not differentiated
by different price levels because reviewedstudy has modeledintended PAV adoption at
different costsDue to a similar reason, thereould beno scenaridor adopting SAVs with a low
price because no reviewestudyhas modeledhis price scenario.

It is aware that Laidlaw and Sweet (2017) demonstrate the importancdisoiissing
AYGSYRSR {!'x FR2LIIA2Yy Ay ({SNMaweaFin fdditod@ ¥F dzy O
Laidlaw and Sweet (201 /o other studies have this discussioifherefore SAVs as a means of

accessing public transit is not fully explored, so no ades will be created due to this means.

4.1.4 The Variables Chosen for the Modeling

For the simplicity of the scoring modefey each adoption scenario, 6 variables will be
chosenasthe explanatory variablefor modeling (hereaftereferenced agmodeling variable$).
To selectthe variables, the following steps will be followdgrst,the variables without a 2016
Canadian census data are disqualified. Second, the variables identified as not significant and not
sufficiently studied in Chapter 3 ardasqualified. Third, the abstracts and conclusions of all
reviewedstudiesin chapters will be reexaminedIf the importance ot variablgor an adoption
scenariois mentioned in tle abstract or the conclusionf a study, it will be considered
emphasizd by thestudyfor that scenarioParticularly for the last two scenarios, it is noticed

that only threestudies discuss intended SAV adoption by different priddaisthe thesis
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Table4.1 Qualification of Reviewed Variables from Chapter 3

by Laidlaw and Sweet
(2017); Haboucha et al.
(2017)

by Laidlaw and Sweet
(2017); Lavieri et al.
(2017); Haboucha et al.
(2017)

Variable Intended PAV adoption in Intended SAV adoption Intended SAV adoption
the GTHA (fair price) in the GTHA | (high price) in the GTHA
Socioeconomic Characteristics of Individuals
Age Importance emphasized | Importance emphasized | Importance empasized
by Laidlaw and Sweet by Laidlaw and Sweet by Laidlaw and Sweet
(2017); Bansal and (2017); Bansal and (2017); Bansal and
Kockelman (2018Bansal | Kockelman (2018); Bansy Kockelman (2018); Bansi
et al. (2016); Shabanpou| et al. (2016); Lavieri et al| et al. (2016)
et al. (2018); Haboucha g (2017); Krueger et al.
al. (2017) (2016); Haboucha et al.
(2017)
Gender Disqualified byChapter 3 | Disqualified byChapter 3 | Disqualified byChapter 3
(no significant impact) (no significant impact) (no significant impact)
Citizenshp Disqualifiedby Chapter 3 | Disqualified byChapter 3 | Disqualified byChapter 3
(not sufficiently studied) | (not sufficiently studied) | (not sufficiently studied)
Ethnicity Disqualifiedby Chapter 3 | Disqualifiedoy Chapter 3 | Disqualifiedoy Chapte3
(not sufficiently studied) | (not sufficiently studied) | (not sufficiently studied)
Education Importance emphasized | Importance emphasized | Importance emphasized

by Laidlaw and Sweet
(2017)

Student status

Disqualified byChapter 3
(not sufficientlystudied)

Disqualified byChapter 3
(not studied)

Disqualified byChapter 3
(not studied)

Employment status

Importance not
emphasized by any
reviewedstudies

Importancenot
emphasized by any
reviewed studie

Importance not
emphasized by any
reviewedstudies

Occupation

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by an
reviewedstudies

Number of workers in
household

Disqualified byChapter 3
(not studied)

Disqualified byChapter 3
(not studied)

Disqualified byChapter 3
(not studied)

Household income

Importance emphasized
by Bansal and Kockelmal
(2018); Bansal et al.
(2016); Shabanpour et al
(2018)

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by any
reviewedstudies

Personal income

Disqualifiedby Chapter 3
(not sufficientlystudied)

Disqualifiedby Chapter 3
(not studied)

Disqualifiedoy Chapter 3
(not studied)

Household size

Disqualified by Chapter 3
(no generally true impact]

Importance not
emphasized by any
reviewedstudies

Disqualified byChapter 3
(no significant impact)

Household children

Disqualified by Chapter 3
(no significat impact)

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by any
reviewedstudies

Marital status

Disqualified byChapter 3
(not studied)

Disqualified byChapter 3
(not studied)

Disqualified byChapter 3
(not studied)

5 NRA di&hsRdriving
experience

Disqualified for lack of
census data

Disqualified for lack of
census data

Disqualified for lack of
census data
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Table4.1 Continued

Variable

Intended PAYV adoption in
the GTHA

Intended SAV adoption
(fair price) in the GTHA

Intended SAV adoption
(high price) in the GTHA

PV ownership

Disqualified for lack of
census data

Disqualified for lack of
census data

Disqualified for lack of
census data

Household vehicle

Disqualified for lack of

Disqualified for lack fo

Disqualified byChapter 3

ownership census data census data (no significant impact)
Vehicle accident Disqualified for lack of Disqualified for lack of Disqualified for lack of
experience census data census data census data

Disability/ low mobility

Disqualified for lack of
census data

Disquaified by Chapter 3
(no significant impact)

Disqualified for lack of
census data

Travel Characteristics of Individuals

Trip purpose

Disqualified by Chapter 3
(not sufficiently studied)

Disqualified byChapter 3
(lack of generally true
findings)

Disqualified byChapter 3
(lack of generally true
findings)

Transportation mode

Importance emphasized
by Laidlaw and Sweet
(2017); Bansal and
Kockelman (2018); Bansi
et al. (2016); Kyriakidis ef
al. (2015)

Importance emphasized
by Laidlaw and Sset
(2017); Bansal et al.
(2016); Lavieri et al.
(2017); Krueger et al.
(2016)

Importance supported by
Laidlaw and Sweet
(2017); Bansal et al.
(2016)

Travel frequency

Disqualified for lack of
census data

Disqualified for lack of
census data

Disqualified ér lack of
census data

Trip distance travel
time

Importance supported by
Shabanpour et al. (2018)
Kyriakidis et al. (2015);
Haboucha et al. (2017)

Importance supported by
Haboucha et al. (2017)

Disqualified byChapter 3
(no significant impact)

Land

Us

Population relocation

Disqualified for lack of
census data

Disqualified for lack of
census data

Disqualified for lack of
census data

Distance from the central
city

Disqualified byChapter 3
(not sufficiently studied)

Importance emphasized
by Laidlaw ad Sweet
(2017); Bansal and
Kockelman (2018); Bans
et al. (2016)

Importance emphasized
by Laidlaw and Sweet
(2017); Bansal and
Kockelman (2018); Bansi
et al. (2016)

Population density

Disqualifiel by Chapter 3
(not sufficiently studied)

Importance emphasized
by Bansal et al. (2016)

Importance emphasized
by Bansal et al. (2016)

Job density /
employment density

Importancenot
emphasized by any
reviewed studis

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by any
reviewedstudies

Housing type

Disqualified by Chapter 3
(no significant impact)

Importance not
emphasized by any
reviewedstudies

Importance not
emphasized by any
reviewedstudies

Household density

Importance not
emphasized by any
reviewedstudies

Importance emphased
by Lavieri et al. (2017)

Importance not
emphasized by any
reviewedstudies

assumes that when survey participants are asked about their intention to use SAVs without being

provided with an assumed price, they would assume the price to be fair. Therefioe
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conclusions from the studies not discussing SAVs by price scenarios will be usedstamitugo

that the price of SAVs would be fair. Tabl&summarizes the works done through the first three
steps. Fourth, the variables not emphasizgdany reiewed studis will be discussed because
the importanceof some of themmay havebeen ignored byAV researcherfrom a planning
perspective Thus, this step tries to identify one or a few variables that have been ignored by the
scholars, and that must begluded in the scoring modelinigpr an adoption scenario. Fifth

through afurther discussion, thehesis will decide théinal chosen variables for the modeling.

4.1.4.1 Two Scoring Models for Intended PAV Adoption

Table4.2indicates thathere arefive primarycandidatedor the scoring modeling fohie
PAV adoption in the GTHA bagse their importance is emphasized by at least snaly. Three
of them belong to the socioeconomic characteristics of individuals: age, education, and
household income. Tavof them belong to the travel characteristics of individuals: transportation
mode, andrip distance As the meanings of the five variable® relatively independentand as
the number of primary candidates is less than 6, all of thegimmary variabks will be used for
the scoring modeling for theatended PAV adoption in the GTHA.

There isa need to find one more candidate to reflect the imp=at land use on intended
PAV adoptionThere are two such candidates. One is job density. The other sehoid density.
Job density is chosen because of its uniquenessfléicts the number of people going to a census
tract, so itisassodbS R GAGK LIS2L)X SQa | & ¢ SThus, Hages Witk A NJ @S
higher job densityare likely tohavea highertraffic volune of PAVsand also SAV# should be
emphasized that job density is the only variable tdaectlyNBE Ff SO a LIS2 L) SQa RS
that is not disqualified byrable4.1in any of the three scenario3herefore, @b densitywill join
the scoring modeling faall three scenarios.

The thesis decides to create two scoring models for each scenario because of a challenge.
All reviewedstudies use different approaches to study the impactsaievariables on intended
PAV or SAV adoptis, and the variables and the number of variables that they discuss are usually
different. Thus, it is impossible to check whether the relative importance of one variable is

consistent among a fixed set of variables. Hence,dh@lenging to assign axactweight to a
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variable. One way to circumvent the challenge is to asstinaeall modeling variables are equally
important. Another way is to give an overall assessment of the ranks of the importance of the
varialdes in each relevanstudy, and use aet of weights to demonstrate the result of the
assessmenfThe two ways will yield two models for each scenario.

Despite that two models are created for each scenario, the thesis would give the models
produced by the second way more emphasis. There aereasons for it. First, the first way
assumes that all modeling variables are equally important, but in reality, the importance of
modeling variables are not necagily the sameThisrealitydoes not mean that creating a model
assuming all modeling vables being equally important is meaningless becauseuld be used
to compare with the model assuming all modeling variables not necessarily being equally
important. Particularly, the thesis would examine whether the latter model would produce a
different result from the former model, and how much the difference would be.

Table4.2 showsthe ranks of the importance of the six variables as demonstrateith®&y
modeling results of selectestudies. Theyhave at least 5 modeled variables that the thesi® als
studies. To illustrate howtoread tfié 6 f S GKS OSft f ¢ P ofkhe vacabléds 2 dzi
that Laidlaw and Sweet (2017) modeled are what the thesis also studegnwhile, they are
found significantly associated with intended PAV adoptiobaidlaw and Sweet (2017Among
the 9 variables, the importance of age is ranked the sixth in Laidlaw and Sweet (2@tif)srof
intended PAV adoptiaThe ranks then converted to a percentil@+9 = 6 6= 67th percentilg.
Through this conversioithe importance and rank of each modeling variatotem allthe studies
become comparable.

Assuming the average percentiles of rank in Tabl2 well indicate the relative

importance of the six variables for the intended PAV adoption, the first scoring rizodel
W - -0 -0 -0 -O -® (2)
where, as adopted to the 2016 Canadian census data,

w isthe normalizedpercentage of people who la a university certificatediploma or degree

at bachelor level or aboyén a CGUwhich measures education;
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Table4.2 Thelmportance of 6 Variables for Intended PAV Adoption

Variable Age Education Household Transportation | Trip distance /| Job density
income mode travel time
Laidlaw and | 6th out of 9 2nd out of 9 1stout of 9 7th out of 9 9th out of 9
Sweet (2017) | (67th (22nd (11th (78th (100th
percentile) percentile percentile percentile percentile
Bansal and 2nd out of 6 6th out of 6 5th out of 6
Kockelman (33rd (100th (83rd
(2018) percentile percentile percentile
Bansal et al| 7th out of 8 8th out of 8 1st out of 8 5th out of 8
(2016) (88th (100th (13th (63rd
percentile percentile percentile percentile
Shabanpour et| 5th out of 7 4th out of 7 1st out of 7 7th out of 7
al. (2018) (71st (57th (14th (20ah
percentile percentile percentil percentile
Average 65th 22nd 67th 35th 82nd 100th
percentile of
rank
Percentile of | 35th 78th 33rd 65th 18th 10tht
importance
Normalized 0.15 0.33 0.14 0.27 0.07 0.04
importance

1 The percentileof importance is actually Oth, but it is adjusted to 1@t the recognition of the importance of job density.

w is the normalized percentage of people whose main mode of commuting is driving a car, a
truck , or a van, amoniipe people who are at least 15 years old, who live in a private household,
and who are employed, in a CGU, which measures transportation mode;

w isthe normalizedpercentage of people whare 15 to 34 years olith a CGUwhich measures
age;

w isthe normalizedpercentage of private householdls aCGUw~hoseannualtotal incomeare

at least $100,000wvhich measures household incormne

w isthe normalizedpercentage of people who spdrat least 30 minutes for the commute from
their homes to theiworkplaces, among the people who report their comimngttime from their
homes to their workplaces, whare at least 15 years old, who live a private household, and
who are employedijn a CGUwhich measuregip distance

W is the normalized numér of jobsper square kilometein aCGU) which measures job densijty
and

wis the AV adoption potential score of theGU) generated from ityalues ofw, w, ®, ®, ®,

andw .
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This model assumes that the importance of housdhakcome, education, age, transportation
mode,trip distance and job density for intended PAV adoption is the same.
The second scoring model is
W O TP O T VR WD (3)
where the meanings ofo, w,w,®, w, ®, andware the same as those of Equation (2). This
modelassumes that the importance of household income, education, age, transportation mode,

trip distance and job density for intended PAV admm is not necessarily the same.

4.1.4.2 Two Scoring Models for the Intended SAV Adoption at a Fair Price

This subsection is to create two scoring models for the SAV adoption assuming the price
of SAVsvould be fair. By Section}44.1, job density ia modeling variable for this scenario. Now,
5 more modeling variables need to be chosen.

Table4.1lindicates that there are 7 variables whose importarieor the adoption scenario
has been emphazed by at least onestudy. 2 of them belong to the socioenomic
characteristics of individuals: age, and education. 2 of them belong to the travel characteristics
of individuals: transportation mode, antip distance 3 of them belong toland use: distance
from the central citypopulation density, and householtensity.

Although not disqualified by Tabke 1, the qualifications oftiree of the seven variables
are arguable. First, sectidh2.4points out that the conclusion of Haboucha et al. (2017) on the
impact of trip distance on intended SAV adop is likely unsuitable for an urbaarea, whereas
Haboucha et al. (2017) is the ordudy emphasizing the significance of the impact. Therefore,
trip distanceis removed from the candidateSecondSections 3.3.1 and 3.3.2 revdhht the
impact of distance fronthe central city is not linear. Rather, it is in the central city and in the
narrow belt adjacent to the central city that SAVs are most favdreavever, nastudymentions
how wide the belt isThus, it is challenging to develop a strategy to measuralistance from
the central city. Therefore, it is removed from the candidatesspite of this challenge, the
studies emphasizing the importance of distanfrom the central city reminthat this importance
can bepartially covered by the importance pbpulation densityand job density This is because

the central city and the adjacent belt have a high density.

64



As the meanings of household density and population density highly overlap, it may not
be ideal to include both in the modeling. Ssction3.36 points out that population density is a
better choice, compared to household density, population density becomes the second chosen
modeling variable for the scenario.

After age, education, and transportation mode join population density and job density,
there needs to find one more variable to join the modeling proc@$eere are five variables
whose importance for the scenario is not emphasized by stogies. They are employment
status, occupation, household income, household size, and housingAypeg them, hidlaw
and Sweet (2017) identifgmployment statusas the moststatistically influential variable,
followed by household irmme, and occupation. Section 3.I@&minds that employment status
is not a practical indicator of intended SAV adopticechuse ngarticular so@l group stands
for this variable In terms of household incoep Laidlaw and Sweet (2017) dot find any income
groupssignificantlymore favoring SAV adoptiat a fair price though they found many income
groupshave substantialy less passion for SAVs. As Laidlaw and Sweet (2017) found people doing
a few types of occupations particularly more favor SAVs, occupation is chosein tthe
modeling.

Like section 4.4.1, two equations will be generatedssuming the average perdgdes
of rankwell indicate the relative importance of the six variables for the intended SAV adoption
scenario, thehird scoring model is

W -0 -0 -0 -0 -0 -® (4)
where, as adopted to the 2016 Canadian census data,
w is the normalizedpercentage of people whose main mode of commutisagding (but not
driving) a car, a truck , or a vamsing public transit,walking;or cycling, among the people who
areat least 15 years old, who live in a private household, andaveemployed, in &Gl which
measures transportation mode;
w is thenormalizedpercentage of people aged 15 or ovarthe labour force whose National
Occupation Classification (NOC) occupatiaresone of the following: (1) trades, transport and
equipment operators and related occupations; and (2) occupations in manuiiagtand utilities

in a CGU, which measures occtipag;
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w isthe normalizedpercentage of people who lva a university certificate, diploma or degree
at bachelor level or above m CGUwhich measures education;

w isthe normalizedpercentage of people who were 15 to 34 years old @GUwhich meastes
age

w isthe normalized number of jobs per square kilometeani€@GUwhich measures job density;
w is the normalized number of people per square kilometer inC&U which measures
population densityand

wis the SAV adoption potential sire of theCGUgenerated from itsvalues ofw, w,®, ®, ®,
andw . This score refers to the cadleat the price of SAVs would be faithis model assumes
that the importance oftransportation mode occupation education age, b density and

population density for intended SAadoptionat a fair pricas the same.

Table4.3Thelmportance of 6 Variables for Intende8AV Adoptionat a Fair Price

Variable Age Education Occupation Transportation | Population Job densiy
mode density
Laidlaw  and| 10th out of 13 | 7th out of 13 6 out of 13 1st out of 13 11th out of 13
Sweet (2017) | (77th (54th (46th (8th (85th
percentile) percentile) percentile) percentile) percentile)
Bansal and
Kockelman
(2018)
Bansal et al. 6th outof 6
(2016) (100th
percentile)
Average 77th 54th 46th 8th 100th 85th
percentile of
rank
Percentile of 23rd 46th 54th 92th 10th? 15th
importance
Normalized 0.10 0.19 0.23 0.38 0.04 0.06
importance

1 The percentile of importance is actually Oth, but it iguated to 10th for the recognition of the importance of population
density.

The fourth scoring model is
W TP RO M WD WE W (5)
where the meanings ab, w,®, w,®, w, andware the same as those of Equation (4). The

weights of each variable are assgghthrough a similar process as the one producing Equation (3)

(see Table 4.3). This model assumes that the importance of transportation mode, occupation,
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education, age, job density, and population density for intended SAV adoption at a fair price is

not necessarily the same.

4.1.4.3 Two Scoring Models for the Intended SAV Adoption at a High Price

This subsection is to create two scoring models for tineended SAV adoption assuming
the price of SAVwould behigh. By section 4.4.1, job density is a adeling variable for this
scenario. Now, 5 more modeling variables need to be chosen.

Table4.lindicates that there aré variables whose importance for the adoption scenario
has been emphasized by at least ostudy. 2 of them belong to the socioeconoeni
characteristics of individuals: age, and educatibof them belong to the travel characteristics
of individuals: transportation mode of them belong to land use: distance from the central city,
and population density As discussed in sectionl#.2, distance from the central city will not
participate in the modeling, while the other four variables will participate in the modeling.

Now, there needs to find one more variable to join the modeling process. Thersiare
variables whose importance for ¢hscenario is not emphasized by astudies. They are
employment status, occupation, household income, househdiddren, housing type and
household densityAmong them, Laidlaw and Sweet (2017) identiéegloyment statusas the
most statistically infliential variable, followed by household income and occupation. Due to the
same easons as mentioned in sectiorll4t.2, occupation is chosen join the modeling.

It is noticed that themodeling variables in section}44.2 and this section are the same.
Therefore, assuming the importance of the six variables is the santbddrighprice scenario,
the scoring model is

W -0 -0 -0 -0 - -® (6)
where the meanings ofo, w, w,», ®,®, andware the sameas those in Equation (4Jhis
score referdo the case that the price of SAM®uld be high. As Equation (4) and Equation (6)
are the same, assuming modeling variables having the same importance would not result in
different SAV adoption potential scores.

Equation (7) models thkigh-price SAV adption potential scoreassuming the modeling

variables do not necessarily have the same importance. This equation is
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W WO THHE T T T8O 7B (7)
where the meanings ab, w,w,®w,®, ®, andware the same as those of Equation (4). The
weights of each variable are assgghthrough a similar process as the one producing Equation (3)
(see Tablet.4). Through a comparison between Equation (5) and Equation (7), the fair price and
the high price scenarios both have the same modeling variables, though they often differ in their

weights.This differencegives a meaning to discussing intended SAV adoption at different prices.

Table4.4Importance of 6 Variables for Intende8AV Adoptionat a High Price

Variable Age Education Occupation Transportation | Population Job censity
mode density
Laidlaw  and| 9th out of 14 5th out of 14 8th out of 14 1st out of 14 12th out of 14
Sweet (2017) | (64th (36th (57th (7th (86th
percentile) percentile) percentile) percentile) percentile)
Bansal and 2nd out of 9
Kockelman (22nd
(2018) percentile)
Bansal et al| 8th outof9 9th out of 9
(2016) (89th (100th
percentile) percentile)
Average 58th 36th 57th 7th 100th 86th
percentile of
rank
Percentile of 42nd 64th 43rd 93rd 10th? 14th
importance
Normalized 0.16 0.24 0.16 0.35 0.04 0.05
importance

1 The percentil®f importanceis actually 0%, but it is adjusted to 10% for the recognition of the importance of population density.

ComparingEquations (2) to (7)some differences exist between the equations for
intended PAV adoption and thoseorfintended SAV adoption. First, they differ in how
transportation mode is measured@he equations modeling intended PAV adoption model driving,
whereas the equations modeling intended SAV adoption model the transportation modes
excluding drivingSecondthe equationanodelingintended PAV adoption use household income
and trip distance agtwo modeling variables, while the equatiomaodeling intended SAV
adoption use occupation and population density as two modeling variablesr commonality
is that they usethree same modeling variables: education, age, and job density, though their
weightsoften differ. Therefore, it would be interesting to see whether the two types of equations
with many similarities would generate drastically differdP&V and SAV agdtion potential

scores in a CGU
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4.2 Mapping the AV Adoption Potential in the GTHA

No study hasbeen found to have mapped the PAV or SAV adoption potential in a
geographic area. Thus, no researchers have been found to have visualized the PAV or SAV
adoption potential of a geographic area, and analyze the visualized patterns. Thus, this thesis
would like to put the first effort to implement the visualization and the adoption potential
patterns analysis. Section 4.1 provides the tools to find the PAV ANdaSoption potential
scores of a CGU. Now, Section 4.2 would discuss how the scores can be mapped and analyzed in
a case study of the GTHA.

ArcMap is a commonly used tool for mapping. One of its recent versions ArcMap 10.5.1
will be used. 7 shapefilesare acquired to help visualize and analyze the PAV and SAV adoption
potential variations in the GTHA (see Tahlefor a brief description of each shapefile). Tahlg
indicates that mapping and analysis will be done at the census tract THvislis beause it is a

CGU level at which Canadian planners often map and analyze data.

Table4.5 Sources of the Shapefiles used in All Maps

Description of the shapefile Source

Boundaries of the census tracts in Toronto CMA, Hami| Statistcs Canada (2018b)
CMA, and Oshawa CMA
Boundaries of the regional (upp&er) municipalities in the| Ontario Ministry of Natural Resources (2012
GTHA
Boundaries of the local (lowdier) municipalities in the GTHA Ontario Ministry of Natural Resources (2012

Highways The Gvernment of Ontario (2015b)
GO train stations The Government of Ontario (2016)
GO train railways DMTI Spatial (2014a)
Water bodies DMTI Spatial (2014b)

The specific mapping procedures are as followserAbne of Equations (2) to (7)
generatesscores for all the census tracts in the GTHA, thesares will be classified into 5 groups,
using the classification method: natural breaks (Jenks). This classification method is unique from
20KSNJ Of FaaATFAOlI GA2Y YS( K2R aurakgyoups iikHerént ih the Of | 4 &
RFEGFE o[l 6 3 [ 2f fthaytdeDoundariagol thelgups arenusually locAtRd
GKSNBE UGKSNBE FFNB NBfFuGA@Ste fFNES 3IHLkA o0S0sS
natural breaks (Jenks) allows the censagts in the GTHA to be naturally grouped based on
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their scores Thisgroupingwould show the locationand clusterof the census tracts that have
a relatively higheor lower PAV or SAV adoption potential

It should be reminded that as mentioned befpfequation (2) is basl on a less robust
assumption tharthat of Egaution (3); hencdhe result from Equation (2) would be primarily
used for a comparison with the result from Equation. (Byus, the thesis wouldrimarily the
maps and results produced IBguation (3¥or discussion and analysiBeople being interested
in seeing the cartographic result from Equation (2) can rgkagh D1 in Appendix .[Due to a
similar reason, the result from Equation (4) would be primarily used for a comparison with the
results from Equation (5) and Equation (7), and its cartographic result would be placed in
AppendixD as a supplementary information.

In addition to making maps lgguations (2) to (7jour other maps will be produceddne
map would show the areas that hawigh scores in both PAV and SAV adopiotential if the
SAV price is to be fair. TeBecond mawould be a similar one, but the SAV price is assumed to
be high.The third and fourth maps would show the areas that have low scores in both PAV and
SAV adption potential at the two price scenario€hapter 5 will provide a clearer definition on

what scores are considered high or lowith reference to Tabl&.3).

4.3 Tools and Methods for Finding the Planning Implications from the Maps

The mapsproducedfrom Equation (3), Equation (5), and Equation (7) would provide
important information on where locate the areaghere either PAVs or SAVs would be more
lesslikely to be adoptedTo find the exact locations of the are#ise ArcMap base map: Imagery
with Labels will be added for referenc@oogle Maps (2019) will be atlherimportant reference
whenexamining the land uses in the aredsis examination will reveal some characteristics of
the areas.

In addition to the qualitative examination, two Excehtsstical tools are useful in
identifying whether a quantity is significantly different between inside and outside the areas. One
tool isthe Ftest function. The other ithe t-test function. TheFtest functionNB LJ2 NI &- & (0 K S
tailed probability that he variances in Arrayl and Array2 are not significantly dijfeiie¢

(Microsoft Excel, 2013, para). Thus, at a confidence level of 95%, if éadt result is less than

70



or equal to 0.05, the variances of two arrays of data are considered significaféisedtfin a t
test. On the contrary, if an-test result is larger than 0.05, the variances of the corresponding
two arrays of data can be reasonably assumed the same -test.tThet-test function reports
the probability that the means of two arrays @éta are not significantly different. That is to say,
at a confidence level of 95%, if defst result is less than or equal to 0.05, the means of the
corresponding two arrays of data are significantly differérterefore the Ftest andthe t-test
provide statistical evidence on whether a quantity in an area differs so significantly from that
outside the area that the difference is an identity or characteristic of the area.
As the shapefiles of GO train stations and GO train railways are availables #nedGO
train service is an important regional public transit service for the residents in the GTHA, the
thesis would do some further analysts the sake of the transportation planners in the GTHA
to find somepublictransit-planningimplications ofthe PAV and SAV adoptigrotential in the
GTHA. Particularlyhe thesis woulduse the Rest function and the test function to check
whether the service areas of the GO train stations in the GTHA have higher or lower overall PAV
or SAV adoption potentiahan those outside the areas. In addition, the thesis would use the
same functions to check whether the GO train lines differ significantly in their overall PAV or SAV
adoption potential. Moreover, the thesis would calculate the overall PAV and SAV adoption
potential scores of each GO train station in the GTHA, and check whether the service area of
some stations has a particularly high or low PAV or SAV adoption potential.
Toanswer the two questionghere is a need to define the station service areagmts
of parkand-ride (driving a vehicle to a GO train station and then take the tramg) kissand-ride
(riding a vehicle as a passenger to a GO train station and then take the Haimgver, Metrolinx,
which is responsible for GO train services, doeshave a clear definition on it, though it has a
clear definition in terms of walend-ride (walking to a GO train station and then take the train)
I OO2NRAY3I (2 aSIiNRtAYE o6uHnny0Q& RS Rdtioghkréar 2y 27T
A dhe areawithin an approximate 500 metmadius of a transit station, repsenting about a 10
YAYdziS 6Ff1¢é 6L yyod ¢KdzaX mn YAydziSa Aa AYL)
Now, it is time to figure out how long a person can tranel0 mnutes from a GQrain

station by driving a vehicle (i.e. park and ride), or riding a vehicle as a passenger (i.e. kiss and ride).
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Metrolinx (2008) defines I NJi S NJ& I [&] highRoluiRe urbaréroadiwith at least four lanes,
having a typical speed litrof 50 to 60 km/hour and typical spacing between traffic signals of 200
to 400 metres. The typical volume of an arterial road is less than 20,000 vehicles/day and it
connects to collector roads, otharterial roads and expressway@®. 85).Accordinglythe thesis
assumes that all parand-ride and kissaand-ride passengers travel primarily on arterial roads to
a GQOtrain station, and always need to wait for one or a few red lights. Thus, the average speed
of their vehicles is assumed 42km/h. Therefore ervice radius @& GO train statiors assumed
7km.

Through a testirawing of the 7km service buffer of all the GO train stations in the GTHA,
it is found that many census tracts are served by multiple GO train stations. However, the
residents in the ensus tracts would only use the station closest to them. Therefore, the actual
service area of a GO train station is often a portion of its 7km buffer, and only covers the census
tracts whose closest station is itself.

It is common that a portion of a ceus tract is closest to one station, while the other
portion is closest to another. To keep the definitisimple, the parkandride and kssand-ride
service area of a GO train station consists of the census tracts whose closest GO train station is
the station,asmeasured from the centroids of the census tracts; and whose distances from their
centroids to the station is no more than 7 kilometers@ dza Ay 3 GKS & FSI (dz2NB
ArcMap 10.5.1, all the census tra¢polygon featuresare convertedo points(point features)
FYR GKS&AS LRAy(da INBE GKS OSyiNPZARENE Fi A1XKISs OBK
train stationclosest to each centrdiis found, along with the distance between them. Then, by
using the Select By Attributdanction of Archap 10.5.1 to limit the distancat no more than
7km, the service area of a GO train station is identifidthe average PAV and SAV adoption
potential scores of the census tracts in the service area are the overall PAV and SAV adoption
potential scores of the stationlt shouldbe clarified that the different geographic sizes of the
census tracts would not cause an unacceptable bias or error because all census tracts have a
similar number of residents (Statistics Canada, 2R18

To get a sense dhe internal variance of the scores in the service area, scores will be

calculated at 3 buffers: 1km buffer, 4km buffer, and 7km buffer. To test whether the score of
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selected service areas significantly differ from that of another selected #red;test function
andthe t-test functionwill be utilized.

In order to get more accurate findings on the GO train system, the shapefiles of GO train
stations and GO train railways are edited. Through a scrutiny of the locationspdititdeatures
representirg the GO train stations against the ArcMap base map: Imagery with Labels, it was
surprisingly found thathe point features are often offset from the actual locations of their
corresponding stationsSome features even hawn offsetof 100 meters to 700 eters from
their true station locations. Therefore, the features representing the GO train stations are
manually moved to the true locations with reference to the base nidgen, York University GO
train station is removed because it is soon to be decorsiormed. Later, two missing stations are
added, again with reference to the base map. They are Downsview Park, and Gormley. As there
is no line feature representing the railway from Richmond Hill GO train station to Gormly GO train
station, such line featws are manually added with reference to the base map. Last but not least,
the features representing GO train stations outside the GTHA are removed, except the one
representing Bradford GO train station. This exception is due to the fact that Bradfoedertine

station for some GTHA residents.
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Chapter 5: Findings

This chapter presents the finding®m the works as described irh@pter 4. The findings
will be organizedin the following waysSection 5.1 will present the numeric and cartographic
findings from Section 4.1 and Section 4.2, except for those on GO train stations. The findings will
demonstrate some phenomena that are often found in ar@ath high or low PAV or SAV
adoption potential score. Section 5.2 will particularly present the findir¢svant to GO train

stations.

5.1 Areas in the GTHA with a High or Low PAV or SAV adoption Potential Score

5.1.1 Numeric summary

There are 1,4@ census tracts in Toronto CMA, Hamilton CMA, and Oshawa CMA. Their
geographic spans highly overlap with theographic span of the GTHA. As the data of Statistics
Canada areetrieved by CMAs the data from the three CMAs are used to model #&Vand
SAVadoption in the GTHA.

It is observed tha$ census tracts do ndtavedata for all the modeling variablesydugh
their existing data contribute to the normalization of all modeling variabl@sspite their
contributions, Excel does not generatevalues fo them due to their data flaws. This problem
further causeshe relevant Excel she&b be unableo be joned with therelevantattribute table
of the census tracts in ArcMal0.5.1 Thus, to mak Microsoft Excel2013and ArcMap 10.5.1
function smoothly,mapping and data analysis exclude tBeensus tractsin addition, the9
census tracts have no or few rdents, so the planning significance of assigning a score to them
is not high.As thereare only9 out of 1,426 ((6%) census tracts excludethe validity of the
findings in the chapter persists.

Table 5.2 numerically summarizes the modeling results ae t&THA scale. The full
meanings of variables in Talieare explained in Tabk 1. Evident from the statistical summary
dzy RSNJ a. ST2NB vy 2 Narthefcdnbub tiiakt2iythe GN KA diftdvidsi@in the
compositions of highly educated pelep the high income, people who primarily drive, people

who primarily do not drive, and long commuters. Although the census tracts overall do not differ
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a lot in the compositions of the younger generatiamd the people whose occupations belong

to the NO@7 and NOC 09 classifications, some of them have a quite ogh@wver proportion

of one of the two types of people. In addition, the majority of the jobs and the residents in the
GTHA are located in some census trabtereover, there are two major chiacteristics of the
population in the GTHA. First, vehicles play a critical role in their life because most census tracts
have more than half of their residents dependeamt driving for commung. Second, in addition

to driving, most GTHA residents do rnatve an often usedlternativetransportation mode.

Table5.1 The Meanings of Som&ariable Names in the Tablexf Chapter 5

Variable Meaning

Age(15 to 34 years old) The proportion (out of 1.000pf people who were 15 to 34 years old in 2016
Education(xbachelor) | The proportion (out of 1.000pf people who had a university certificate, diploma
degree at bachelor level or above2016

Household income (| Theproportion (out of 1.000pf private households in a GTHA census tract whose 1

$100,000) income in 2015 were at least $100,000

Job density The number of jobs per square kilometer in 2016

Occupation (NOC = 0 The proportion (out of 1.000)f people aged 15 or over in the labour force whqg
or 09) National Occupation Classification (NOC) petions were one of the followingn

2016 (1) trades, transport and equipment operators and related occupat{bi3C =
07), and (2) occupations in manufacturing and utilitfBkOC = 09)

Population density The number of people per square kilometer in 2016

Driving The proportion (out of 1.0000f people whose main mode of commuting was driv
a car, a truck , or a van, among the people who were at least 15 years old, who |
a private householdand who were employed in 2016

Not Driving The proportion (out of 1.000)f people whose main mode of commuting was ridi
(but not driving) a car, a truck , or a van; using public transit; walking; or cycling, a
the people who were at least 15 years old, who lived in a private household, ang
were employedin 2016
Trip distanceX30 min) | The proportion (out of 1.000pf people who spent at least 30 minutes for the commt
from their homes to their workplaces, among the people who reported th
commuingtime from their homes to their workplaces, wheere at least 15 years olg
who lived in a private household, and who were employed in 2016

With reference to the weights of the modeling variabldse tstatistical summary under
GAftery 2 NIV I £ A T | G Ballgwés redegrchérs to Kn&@he typicalvalues of the modeling
variablesimeanz SD) before being weighed.

In terms of the scores, the assessed 1,417 census tracts all get scores of more than 14%.
Thus, all the census tracts have some potential for both PAV and SAV adoptions, though their

potential varies. In addition, the maximum scores never surpass 73%. It reflects that no census
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tract has high values in all the relevant modeling variables. Overall, the census tracts have much
less potential for SAV adoption (p = 0.0000), which indicates tmatGTHA residents are
generally more favorable of PAVs. When the price of SAVs rises, the overall SAV adoption
potential doesnot change much in the census tracts (p = 0.1387). It suggestS#&\tpricings

not a critical factor influencing the overalttitudes of the GTHA residents towards SAVSs.

Table5.2 Statistical Summary of the Modeling Resufisr the Census Tracts in the GTHA

Variable Before normalization After normalization
Max Min [Median| Mean SD Max Min [Median| Mean SD

Age (15 to 34 years old) 0.660 | 0.000 | 0.258 | 0.265| 0.061 | 1.000 | 0.000 | 0.391 | 0.403 | 0.090
Education jbachelor) 0.742 | 0.023| 0.278 | 0.305| 0.142| 1.000 | 0.000 | 0.353 | 0.390 | 0.197
| 2dzaSK2f R Ay Of v.897 p 64022 MrB883] /0.889 { 0.162 | 1.000 | 0.000 | 0.476 | 0.477 | 0.210
Job density 251,421 O 529 | 1,891 | 8,779 | 1.000 | 0.000 | 0.002 | 0.008 | 0.035
Occupation (NOC = 07 or 09)| 0.405 | 0.000 | 0.164 | 0.165 | 0.085| 1.000 | 0.000 | 0.404 | 0.407 | 0.209
Population density 82,434 0 3,533 | 4,997 | 5,951 | 1.000| 0.000 | 0.043| 0.061 | 0.072
Driving 0.931| 0.066 | 0.701| 0.645| 0.180| 1.000 | 0.000 | 0.734| 0.669 | 0.208
Not driving 0.911 | 0.068 | 0.290 | 0.345| 0.179 | 1.000 | 0.000 | 0.264 | 0.329 | 0.212
¢NA LI RA &Gy 0|S0.801% 0.600 | ¥365(/(00.542 | 0.102 | 1.000 | 0.000 | 0.686 | 0.677 | 0.127
y of Equation (2) 0.610 | 0.250 | 0.440| 0.437 | 0.066
y of Equation (3) 0.717 | 0.256 | 0.490 | 0.484 | 0.089
y of Equation (4) or (6) 0.583 | 0.142| 0.256 | 0.266 | 0.061
y of Equation (5) 0.652 | 0.174| 0.320 | 0.336| 0.091
y of Equaiton (7) 0.729 | 0.155| 0.324 | 0.341| 0.096

Note: the maximums and minimums of the response variables are not 1.000 and 0.000 because the response variditdes are t
sunmations of the normalizednodelingvariables. As theummingprocesshappens after thenodelingvariables are normalized,
the statistical summey of the response variablesliddzii dzy RSNJ ! FOSNI y2N¥Y I f AT I GA2Yy d&

Table5.2 also shows there are obvisudifferences between assuming the modeling
variables have an equal weight and assuming them not necessarily having an equal weight in
generating the scores. By comparing timaximums,medians and means of the results fro
Equation (2) and Equation (2nd then comparinghe alikefrom Equation (4) and Equations (5)
and (7), the latter assumption generally results in higher scdi@s.is arvidence that Equations
(3), (5), and (7) are more accuratmdels as they better differentiate the census traatth high
PAV or SAV adoption potential from those not.

AppendixCshows the statistical distributianof the modeling variableand the modeling
results. Itgraphicallyreflects the above findings from TalBe2 It more clearly demonstratabat
most jdbs and population cluster in a small number of census tradis. appendialso shovs

that more highly educated people tend tdocate in certain census tracts. dveover, the
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distributions of PAV adoption potential scores are pretty normal, whereas thaS&dfadoption
potential scores are slightly skewed to the right. It means thate census tracts have a relatively

lower SAV adoption potential score

5.1.2 Notes on the Maps and Some Descriptions

This chapter has a total of 11 maps. To help readerebenderstand the last 8 maps,
the first 3 maps provide some basic information on the GTHA. Map 5.1 presents the boundaries
and names of the uppeier municipalities in the GTHA. Map 5.2 shows the boundaries and
names of the lowetier municipalities inthe GTHAIt is noted that Toronto and Hamilton are
singletier municipalities.Map 5.3 introduceghe names of the GO train stations serving the
GTHA residents.

Table5.3shows the meanings of some descriptiamrsthe results from the indicesThe
clasdgiication of the ranges is based on the 5 classsgeneratedfrom the natural breaks (Jenks)

classification method.

Table5.3 TheMeanings of Some Descriptiors the PAV and SAV Adoption Potential Scores

Description Range
PAV adoption potential| SAV adoption potential SAV adoption potential
score score (fair price) score (high price)
Low 0.256 to 0.377 0.174 to 0.267 0.155 t0 0.275
Below average 0.378 to 0.452 0.268 to 0.329 0.276 t0 0.344
Average 0.453 t0 0.518 0.330 to 0.400 0.345 to 0.421
Aboveaverage 0.519t0 0.584 0.401 to 0.493 0.422 to 0.529
High 0.5851t0 0.717 0.494 to 0.652 0.530 t0 0.729
¢tKS KAIKgl&a Ay hydadFrNAR2 FFNBE Of I 3aAFTASR Ayl
secondary highways, tertiary highways, and the T"@esada HHK g e ® YAy 3Qa KA 3|
o2yYyYz2yfte (y26y |a GKS YI22NJ LINPOAYOALlIt KAIKgGI

highways. The TrarSanada Highway is not shown because it is away from the GTHA. Although
other levels of highways are not shown in timaps for a bettewvisualpresentation of the indices
results, their presence is considerathen analyzinghe importance of highways for intended

PAV and SAV adoptions.
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Map 5.1 The Uppefier Municipalities in the GTHA
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Map 5.2 The Lowefier Municipaliies in the GTHA
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Map 5.3 The GO Train Stations Serving the GTHA Residents
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5.1.3 The PAV Adoption Potential in the GTHA
Map 5.4 shows the variation of the PAV adoption potential in the GTAESessing its

indicated patterns, there is an obscure trendahthe PAV adoption potential increases as the
geographic location moves from Toronto to the inner suburb of the GTHA, andgietty
decreases as the location moves from the inner suburb to the outer suburb. Without doubt, the
reliability of the trend igjuestionablebecause there arareas with a high PAV adoption potential

in Toronto and the outer suburb, and there aaeeas with a low PAV adoption potentialthe

inner suburb.

Table 5.4 provides some explanations on why some areas have a high Pgwrado
potential. These areas typically haveuam more highly educated people, highcome
households, and people heavily depémgl on driving for communhg. In terms of their
predictabilities in the geographic locations of the areas with high PAV adoptoential,
education, household income, and dependermydriving are essentially the same, and quite
high.

It is noticed that the areas with a high PAV adoption potentialeiass young people,
and their job densities are relatively lower. It does ma¢an that the two modeling variables:
age, and job density are wrong choices for Equation (3). It just shows that the geographic
locationswith more young people and higher job densities do not highly overlap with the areas
with high PAV adoption potential

Table 5.5 provides some explanations on why some areas have a low PAV adoption
potential score. These areas typically haweich less highly educated people, higicome
households, and people heavily dep@mglon driving for commung. In addition, theyhave a bit
more young people. These characteristics are contrary to those of the areas with high PAV
adoption potential. Therefore, these characteristics are efficient in distinguishing the areas with
high PAV adoption potential from those having low RA&gption potential. It is also observed
that in the areas with low PAV adoption potential, there are a bit more long commuitetestms
of their predictability in the locations of the areas with low PAV adoption potential, education,

dependency in drivingand household income are essentially the same, and quite high.
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Map 5.4 The PA/ Adoption Potential in the GTHA
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Table5.4 Comparison between the Areas with High PAV Adoption Potentiatl Those Not

CTs with a high | CTs without a higf Different P-value

Variable Weight PAV a_\doptlon PAV gdoptlon ceof | F-test of 2-
potential score | potential score sample t

means

Mean SD Mean SD test
9RdzOIF A2y 0% OBB QrOIE 7 NID99 | 0.278 | 0.129 | 0.190 | 0.0000 | 0.0000
Driving 0.27 0.726 | 0.120 | 0.631 | 0.186 | 0.095 | 0.0000 | 0.0000
Age (15 to 34 years old) 0.15 0.244 | 0.060 | 0.269 | 0.059 | -0.025| 0.5299 | 0.0000
| 2dzaSK2f R Ay OR V% b %605 M 0.086 n /035 | 0.142 | 0.251 | 0.0000 | 0.0000
¢NA L) RAAGI y ©S0.08 % 0b52 | YOO§70| 0.541 | 0.104 | 0.011 | 0.0026 | 0.0976
Job density 0.04 1,061 | 4,696 | 2,033 | 9,299 -972 | 0.0000| 0.0228
PAV adoption potential scor¢ 1.00 0.619 | 0.029 | 0.462 | 0.075 | 0.157 | 0.0000 | 0.0000

Table5.5 Comparison between the Areas with Low PAdoption Potentialand Those Not

CTs with a low PA] CTs without a low Different P-value

Variable Weight adoption potential| PAV gdoptlon ceof | F-test of 2-
score potential score sample t

means

Mean SD Mean SD test
9RdzOI GA2Yy 0% 088 QK3I5S6 7 NIDS2 | 0.327 | 0.135 | -0.171 | 0.0000 | 0.0000
Driving 0.27 0.506 | 0.155 | 0.665 | 0.175 | -0.159 | 0.0194 | 0.0000
Age (15 to 34 years old) 0.15 0.274 | 0.052 | 0.264 | 0.061 | 0.010 | 0.0002| 0.0083
| 2dza SK2f R Ay OR 9% p &164 v 0.068 j /0428 | 0.144 | -0.259 | 0.0000 | 0.0000
CNALI RA&GF Y $S0.06 % 068 |YOA1Z80| 0.540 | 0.096 | 0.023 | 0.0000| 0.0347
Job density 0.04 1,714 | 2,977 | 1,923 | 9,368 -209 | 0.0000| 0.5270
PAV adoption potential scor¢ 1.00 0.337 | 0.030 | 0.507 | 0.073 | -0.170 | 0.0000| 0.0000

Scrutinizing the land uses in the areas with high PAV adoption potential with reference to
Google Maps (2019), some land uses often present in the areas. First, the neighbourhoods in the
areas primarily consist of sirgtietached houses, usually with lots of green spaces. Second, golf
course is a common landmark in these neighbourhoods. However, it should be reminded that the
presence of some or all of the land use characters does not guarantee that a neighbourhood has
high PAV adoption potential. Nonetheless, the presence of these land use characters is a good

indicator of whether a neighbourhood likely has high PAV adoption potential. In terms of

transportation facilities, most of the neighbourhoods have at least ogéway either crossing

or near them. However, it is not true that the presence of a highway is always related to the
presence of a neighbourhood high in PAV adoption potential because of two reasons. First, some

neighbourhoods with a high PAV adoption pdiahscore are far from a highway. Second, the
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highways also cross areas with a low or beboverage PAV adoption potential score. It should
be clarified that lack of public transit services is not a reason why some neighbourhoods have a
high PAV adoptiopotential score. It is because many of them are decently or well served by
public transit.

Scrutinizing the land uses in the areas witv PAV adoption potential with reference to
Google Maps (2019), some land uses often present in the afé@y. can beoarsely classified
into two categories. The first category is a mixture of industrial, business, and commercial uses,
with no or a few households. The second category is the residential use mixed wstheeh
businesses, or adjacent to a local or towenter. The zones for residential use often have
multiple housing types, though single detached house is usually the dominant Egeboth
categories, therésoften a GO train station or a subway station inside or nearby.

Comparing the land uses in tlaeeas with high PAV adoption potentiaith those in the
areas with low PAV adoption potential, some differences are evident. First, the former areas
often have a very low density, while the latter areas usually have a concentration of jobs. Second,
the infrastructure for vehicle driving isiuch more important in the former areas, while the
infrastructure forhigh-capacitypublic transportation isnuchmore important in the latter areas.

Whether assuming the modeling variables have the same importanceylekl different
patterns, buttheyare onlydiscernibleg not drastic at all. When assuming the modeling variables
have the same importance, there are 205 census tracts having high PAV adoption potential, and
183 census tracts having low PAV adoptionepdial. When assuming the opposite, there are
202 (3 less) census tracts having high PAV adoption potential, and 186 (3 more) census tracts
having low PAV adoption potential. The differences are obviously quite small, considering there
are 1,417 studied aesus tracts. Both assumptions indicate that there are slightly more census
tracts having high PAV adoption potential than those havimg potential in the GTHA.
Comparing Magb.4 with Map D1, the patterns of the PAV adoption potential in the GTHA
producedby both assumptions highly overlap, and MBA supports thefindings generated from
Map 5.4 Last but not leasthrough a scrutiny of Map 5.4 and Map D1, it is further found that
census tract scoring high from Equation (3) often score high from Equ&)pand always score

at least aboveaverage from Equation (2); and vice verskreover, a census tract scoring low

84



from Equation (3) often score low from Equation (2), and always score at most-bekrage

from Equation (2); and vice versa.

5.1.4 The SAV Adoption Potential in the GTHA
Map 5.5 showsthe variation of theSAV adoption potential in the GTHa#ssuming the

price of SAVs would be faMap 5.6 shows the same type of variation assuming the price would
be high.Assessingheir similarly indicaed patterns,there is atrend that the SAV adoption
potential decreasesvith fluctuationsasone moves fromDowntown Toronto (an area around
Union GO train station), tthe rest of Toronto, then to the inner suburb of the GTHA, and finally
to the outer suburb of the GTHAT helargest fluctuation occurs around Hamilton GO train station:
as one approaches the station, thpotential increases quickly from a low level to an above
average level. Although it does not reach a high level, this fluctuation rerthatian area in the
outer suburb of anothemetropolitan areamay have high SAV adoption potential. Nonetheless,
in the GTHA, all the areas with high SAV adoption potential are in Toronto.

Table 5.6 and Table 5.7 provide some explanations on why some hasa a high SAV
adoption potential. No matter whether the price would be fair or high, the areas with high SAV
adoption potential overall have quitelat more people not dependentrodriving for commung,
and substantially more highly educated and ygyseople. The areas also overall have a higher
job density and population densityn terms of their predictabilities in the geographic locations
of the areas with high SAV adoption potentialdependence from driving, education, age, job
density, and poplation density are essentially the same, and quite high.

It is noticed that the areas with high SAV adoption potential has less people whose NOC
occupations are either trades, transport and equipment operators and related occupations (NOC
= 07); or occuations in manufacturing and utilities (NOC = 09). It does not mean that choosing
occupation as a modeling variable is wrong for Equat)maifd Equation (7)It just shows that
the geographic locations with more people having the two types of occupation®t overlap
much with the areas with a high SAV adoption potential.

Table 5.8 and Table 5.9 provide some explanations on why some areas have a low SAV

adoption potential. No matter whether the price would be fair or high, the areas with a low SAV
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Map 5.5 TheSAV Adoption Potential in the GTHA&ir Pricé
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Map 5.6 TheSAV Adoption Potential in the GTHA{gh Priceg
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Table5.6 Comparison between the Areas with High SAV Adoption Poterdiad Those Not (Fair
Price)

CTs with a high | CTs without a higf Differen P-value
Variable Weight SAV e_ldopt|on SAV qdoptlon ceof | F-test of 2-
potential score | potential score sample t
means
Mean SD Mean SD test
Not driving 0.38 0.755 | 0.070 | 0.318 | 0.148 | 0.437 | 0.0000| 0.0000

Occupation (NOC=070r09) 0.23 | 0.063 | 0.047 | 0.172 | 0.082 | -0.109 | 0.0000| 0.0000
9RdzOF GA2Y 0o 0dl9 QrSH4 74 NIi33 | 0.291 | 0.132 | 0.213 | 0.8382| 0.0000
Age (15 to 34 years old) 0.10 | 0.403 | 0.098 | 0.256 | 0.042 | 0.147 | 0.0000 | 0.0000

Job density 0.06 | 16,212 | 31,270 | 935 1,548 | 15,277 | 0.0000 [ 0.0000
Population density 0.04 | 18,424 | 12,714 | 4,131 | 3,765 | 14,293 | 0.0000 | 0.0000
SAV adoption potential scor¢ 1.00 0.547 | 0.045 | 0.322 | 0.074 | 0.225 | 0.0000| 0.0000

—"

~

Table5.7 Comparison between the #eas with High SAV Adoption Potentiaind Those Not
(HighPrice)

CTs with a high | CTs without a higf Differen P-value
Variable Weight SAV e_ldopt|on SAV qdoptlon ceof | F-test of 2-
potential score | potential score sample t
means
Mean SD Mean SD test
Not driving 0.35 0.755 | 0.074 | 0.322 | 0.154 | 0.433 | 0.0000| 0.0000

Occupation (NOC=070r09) 0.16 [ 0.045 | 0.025 | 0.172 | 0.082 | -0.127 | 0.0000| 0.0000
9RdzOIF GA2Y 0o o4 QrSS8 4 NUB95 | 0.290 | 0.130 | 0.268 | 0.0014 | 0.0000
Age (15 to 34 years old) 0.16 | 0.414 | 0.102 | 0.257 | 0.043 | 0.157 | 0.0000 | 0.0000

Job density 0.05 | 18,788 | 33,404 | 950 1,587 | 17,838 | 0.0000 | 0.0000
Population density 0.04 | 18,817 | 13,712 | 4,258 | 3,964 | 14,559 | 0.0000 | 0.0000
SAV adoption potential scor¢ 1.00 0.594 | 0.055 | 0.327 | 0.076 | 0.267 | 0.0009 | 0.0000

—"

~

adoption potential overall have substantially less people not dependent on driving for
commuting, and less highly educated and young people. The areas also overall have a lower job
densityand population density. It should be emphasized that these characteristics are contrary
to those of the areas having high SAV adoption potential. Therefore, they are efficient in
distinguishing the areas with high SAV adoption potential from those hdamm@GAV adoption
potential. In terms of theirpredictabilitiesin the geographic locations of the areas witliv SAV
adoption potential,independence from driving, education, age, job density, and population
density are essentially the same, and quite high

Tables $Hto 5.9 demonstrate that the impacts of two variables on SAV adoption potential

are subject to the price change of SAVs. The first variable is education: as the price increases, the
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Table5.8 Comparison between the Areas withow SAV Adoptio Potentialand Those Not (Fair
Price)

CTs with a low SA| CTs without a low Differen P-value
Variable Weight adoption potential| SAV qdoptlon ceof | F-test of 2-
score potential score sample t
means
Mean SD Mean SD test
Not driving 0.38 0.171 | 0.046 | 0.410 | 0.166 | -0.239 | 0.0000| 0.0000

Occupation (NOC=070r09) 0.23 | 0.161 | 0.061 | 0.167 | 0.092 | -0.006 | 0.0000| 0.1877
9RdzOF GA2Y 0o O K2E3 2 N1104 | 0.320 | 0.150 | -0.057 | 0.0000| 0.0000
Age (15 to 34 years old) 0.10 | 0.236 | 0.032 | 0.277 | 0.063 | -0.041 | 0.0000 | 0.0000

Job density 0.06 434 553 2,433 | 10,236 | -1,999 | 0.0000| 0.0000
Population density 0.04 1921 | 1,342 | 6,178 | 6,556 | -4,257 | 0.0000| 0.0000
SAV adoption potential scor¢ 1.00 0.237 | 0.020 | 0.372 | 0.079 | -0.135 | 0.0000| 0.0000

—"

2

Table 5.9 Comparison between the Areas withow SAV Adoption Potentiabnd Those Not
(HighPrice)

CTs with a low SA| CTs without a low Differen P-value
Variable Weight adoption potential| SAV qdoptlon ceof | F-test of 2-
score potential score sample t
means
Mean SD Mean SD test
Not driving 0.35 0.171 | 0.048 | 0.408 | 0.167 | -0.237 | 0.0000| 0.0000

Occupation (NOC=070r09) 0.16 | 0.180 | 0.058 | 0.160 | 0.092 | 0.020 | 0.0000| 0.0000
9RdzOIF GA2Y 0o O K248 2 NP7 | 0.332 | 0.147 | -0.104 | 0.0000| 0.0000
Age (15 to 34 years old) 0.16 | 0.237 | 0.032 | 0.276 | 0.063 | -0.039 | 0.0000 | 0.0000

Job density 0.05 447 544 2,415 | 10,204 | -1,968 | 0.0000| 0.0000
Population density 0.04 1,935 | 1,360 | 6,144 | 6,546 | -4,209 | 0.0000| 0.0000
SAV adoption potential scor¢ 1.00 0.240 | 0.023 | 0.377 | 0.086 | -0.137 | 0.0000| 0.0000

—"

2

proportion of highly educated people increases in the areas with high SAV adoption potential,
and decreases inhe areas with low SAV adoption potential. It reflects that highly educated
people are not only favorable of using SAVs, but their favor is resistant to SAV price increase. The
second variable is occupation: as the price increases, the proportion of padmee NOC
numberiseither 07 or 09 decreases in the areas with high SAV adoption potential, and increases
in the areas with low SAV adoption potentialsliggess$ that increasing the price of SAVs would
strongly discourage the passion of the people hgwime occupations to use SAVSs.

Table5.10and Tablé.11reveal that the above changes on education and occupation are
significant. However, the other modeling variables do not significantly change as the price

fluctuates. It was previously mentioned tha@assuming whether the price would be fair or high
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Table5.10Comparison between the Areas with High SAV Adoption Potentiader a High SAV

Price and the Areas with High SAV Adoption Potential under a Fair SAV Price
CTs with the CTs with the

Weight | Weight highest SAV highest SAV Differen P-value
. in in adoption potential|{adoption potential of 2-
Variable . . ce of F-test
EquationEquation|  scores from scores from | sample t
@) (5) Equation (7) Equation (5) test
Mean SD Mean SD
Not driving 0.35 0.38 0.755 | 0.074 | 0.755 | 0.070 | 0.000 | 0.6321| 0.9771

Occupation (NOC=070r09) 0.16 | 0.23 | 0.045 | 0.025 | 0.063 | 0.047 | -0.018 | 0.0000| 0.0015
9RdzOI GA2Yy 0k O4 QKOBIO 2 NIB58 | 0.095 | 0.504 | 0.133 | 0.054 | 0.0034| 0.0035
Age (15t0 34yearsold) | 0.16 | 0.10 | 0414 | 0.102 | 0.403 | 0.098 | 0.011 | 0.7107 | 0.5040

Job density 0.05 | 0.06 | 18,788 | 33,404 | 16,212 | 31,270 | 2,576 | 0.5437 | 0.6133
Population density 0.04 | 004 | 18,817 | 13,712 18,424 | 12,724 393 | 0.4885| 0.8502
SAV adoption potential scor¢ 1.00 | 1.00 | 0.594 | 0.055 | 0.547 | 0.045 | 0.047 | 0.0562 | 0.0000

Table5.11Comparison between the keas withLow SAV Adoption Potential under BlighSAV

Price and the Areas withow SAV Adoption Potential under a Fair SAV Price
CTs with alow SA/CTs with a low SA|

Weight | Weight . P-value

ing ing adoption potential|adoption potential| Differen of 2-

Variable . . score from score from ce of | F-test
Equation|Equation| . } sample t
Equation (7) Equation (5) means
(7 (5) test
Mean SD Mean SD

Not driving 0.35 0.38 0.171 | 0.048 | 0.171 | 0.046 | 0.000 | 0.5107 | 0.8758

Occupation (NOC =070r09) 0.16 0.23 0.180 | 0.058 [ 0.161 | 0.061 | 0.019 | 0.4540| 0.0000
9RdzOI GA2Y 6% O0R4 QKOSL® 2 NI228 | 0.087 | 0.263 | 0.104 | -0.035 | 0.0007 | 0.0000
Age (15to 34 years old) 0.16 0.10 0.237 | 0.032 [ 0.236 | 0.032 | 0.001 | 0.9385| 0.6790

Job density 0.05 0.06 447 544 434 553 13 0.7535| 0.7519
Population density 0.04 0.04 1,935 | 1,360 | 1,921 | 1,342 14 0.7950 | 0.8887
SAV adoption potential scor¢ 1.00 1.00 0.240 | 0.023 | 0.237 | 0.020 | 0.003 | 0.0129 | 0.0625

would unlikely cause a significant change in the SAV adoption potential score at the GTHA scale
(p = 0.1387). Table 5.11 shks that the unlikelihood persists in the areas with low SAV adoption
potential. However, Table 5.10 shows that the overall SAV adoption potential score in the areas
with high SAV adoption potential would significantly increase. It does not mean that &megea

the price of SAVs would encourage people to adopt SAVs because of the two previously
mentioned unlikelihood. The cause of the increase may patrtially lie in the difference in the
number of census tracts having a high score. To clarify, there are 8asémacts having a high

SAV adoption potential score when assuming the price of SAVs would be fair, whereas there are
75 (namely, 14 less) census tracts having a high SAV adoption potential score when assuming the

price would be high. The reduction reftedhat rising the price of SAVs would discourage some

90



people who have a passion to use SAVs to use SAVs. However, as the favor of highly educated
people for SAVs is resistant to the price change, the proportion of highly educated people
significantly inceases. Thigncrease then boosts the overall SAV adoption potential score in the
75 census tracts.

When assuming the price of SAVs would be fair, there are 382 census tracts having low
SAV adoption potential. When assuming the price would be high, thexre8a5(7 less)such
census tractsThis very small chang®ovidesa reason why the overall SAV adoption potential
score in the areas with low SAV adoption potential almost do not change with the price.

Scrutinizing the land uses in the areas with H#V adoption potential with reference to
Google Maps (2019), some land uses often present in the afgpally,the neighbourhoods
in the areas are dominated bmid-rise to highrise apartment buildings, and their land uses are
diverse.They are on or rer at least one major public transit corridor, and their residents are
usually within a walking distance (500 meters) from a transit station. For most of the residents,
they are in a walking distance to a subway or a streetcar statios.undeniable thathe areas
cover some blocks dominated by single detached housgisthese blocks areften mixed with
someapartmentbuildings of various heightsywn houses or a number of orstreet commercial
or financialanduses Proximity to enighwaydoes not laveaclearrelationshipwith the locations
of the areas wih high SAV adoption potential.

Two types of neighbourhoods would likely loteeir high SAV adoptiopotential if the
price of SAVs rise@ne is the neighbourhoogsimarily consisting of studerrhousing. The other
is the neighbourhoods primarily consisting of single detached houses, with most of their
households not having a high household income. It is noticed that both types of neighbourhoods
have a commonality: most of tireresidents do nothave a high income. Thus, people and
households with a lower income would be more discouraged to adopt SAVs if the price is to be
high.

Scrutinizing the land uses in the areas with low SAV adoption potential with reference to
Google Maps (2019), some lanses often present in the aredsirst, in the urban and suburban
residential neighbourhoods having low SAV adoption potential, the land uses are typically those

presenting in the areas with high PAV adoption potential. Second, almost all the censss tract
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with a rural landscape dominated by farmlands or greenbelt areagith scatteredlargelot
houses; have low SAV adoption potential. The rural census traften have quite limited or no
access to public transit, and thus the residents there haveely on private vehicles for
commuing. Most of the areas with low SAV adoption potential have a close proximity to highway
as most people in the areas primarily drive.

Whether assuming the modeling variables have the same weigasmakediscernible
differencesWhen assuming an equal importance of all modeling variables, Equation (4%&nds
census tracts having adhi SAV adoption potential scoréhis numbeiis obviouslylower than
the corresponding numbers from Equation (5) (89 census tracts) andtiBqu7) (75 census
tracts).In addition, Equation (4) finds 354 census tracts haalogy SAV adoption potential score.
This number is somewhat lower than the corresponding numbers from Equation (5) (382 census
tracts) and Equation (7) (375 census tsgdcTherefore assuming an equal importance of the
modelling variables firglless census tracts having high or I8&YV adoption potential, and thus
is less efficient in differentiating the census tracts with high adoption potential from those with
low adogion potential.In Map 5.5, Map 5.6and MapD2, the difference in the number of census
tracts having low SAV adoption potential may not be noticeable, but the difference in the number
of census tracts having high SAV adoption potentidigsernibleg the total area of the areas
with a high score in Map2is less than those in Map 5.5 and Map SNbnetheless, the areas
scoring high from Equation (4) always have at least alawegage scores from Equation (5) or
Equation (7), and vice versa. Moreovere threas scoring low from Equation (4) always have at

most belowaverage scores from Equation (5) or Equation (7), and vice versa.

5.1.5 Differences between the Areas with High PAV Adoption Potential and the Areas with
High SAV Adoption Potential

Section5.1.3 and Section 5.4.discussed lots of characteristics of the areas with high PAV
adoption potential, and also lots of characteristics of the areas with high SAV adoption potential.
Table5.12provides a qualitative comparison between the two typesias

Table5.13and Tableé.14comparethe residents and the land uses of the areas with high
PAV adoption potential and those with high SAV adoption poten8akcifically, the areas with
high SAV adoption potential hageite more people notrelyingon driving for commuing, more
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young people, and higher population and job densities. They alsodustesless peopleelying

on driving for commuing, andquite less high income households. Also significantly, the areas
have more highly educated peopless long commuters, and less people whose NOC occupation
numbers are 07 or 09. However, the differences of the means of these three variables (education,
occupation, andrip distance) are less than 10%. These differences contribute to the result that
the two types of areas have big differences in their average PAV and SAV adoption potential
scores. This result reminds researchersigrdss PAVs and SAVs separately, which, as indicated

by Chapter 2 and Chapter 3, many AV researchers déohotv.

5.1.6 Differences between the Areas with Low PAV Adoption Potential and the Areas with
Low SAV Adoption Potential

Section 5.1.3 and Section 5.1.4 discussed lots of characteristics of the areas wkMow
adoption potential, and also lots of characteristiddlte areas with low SAV adoption potential.
Table 5.15 provides a qualitative comparison between the two types of areas.

Table 5.16 and Table 5.17 compare the residents and the land uses of the areas with low
PAV adoption potential and those of the aremith low SAV adoption potential. Contrary to the
findings from a comparison between the areas with high PAV adoption potential and the areas
with high SAV adoption potential, the areas with low SAV adoption potential, as compared with
the areas with IowSAV adoption potential, have quite less people relying ondriving for
commuing, and less population and job densities. They also have quite more people dependent
on driving for communhg, and quite more high income households. In addition, they hass |
young people, but the difference of means in age is small (less than 4%). Moreover, they have
obviously higher PAV adoption potential, and obviously lower SAV adoption potential. These
differences emphadgeagain that AV researchers should distingu?gkivs from SAVs when doing
research.

Similar to the findings from a comparison between the areas with high PAV adoption
potential and the areas with high SAV adoption potential, the areas with low SAV adoption
potential, as comparetb the areas with low AV adoption potential, haveore highly educated

people, less long commuters, and less people whose NOC occupation numbers are 0Xlso 09
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Table5.12 Comparison between the Areas with High PAV Adoption Potential and the Areas

with High SAV Adoption Pential

Items for comparison

Areas with high PAV adoptior

Areas with high SAVadoption

potential potential
Average sore Higher Lower
Typical location in a metropolitan The inner suburb The central city especially itg
area downtown

Proportion of all sudied CTs

14%

6% (fair price); 5% (high price)

Dominant housing type

Single detached houses

Apartment buildings of various
heights

Density of green space

Usually not lowoften high

Oftenlow

Presence of golf courses

Golf course is a common landmark

Nopresence of a golf course

Presence of farmlands or greenbe
lands

Sometimes

Rarely

Density of onstreet businesses

Usuallyzero to very low

Usuallynot low; often high

Density of industrial lands

Usually not present

Often not present

Proportion of area for mixed land
uses

Usuallyzero to very low

Usually not low

Proximity to highway

Often have at least one highwa
inside or nearby

Often have no highway inside ¢
nearby

Quality of public transit services

Most of the areas are served &
public transit, and many are
decently or well served. Howeve
bus is usually the only option. Son
areas have no or minimal access

public transit services.

Well served by public transit
usually with multiple types of publi
transit services to choose, whig
include bus, subway, streetcar, G(
train, and GO bus.

Table5.13 Comparison between the Areas with a High PAV Adoption Potential Score and the

Areas with a High SAV Adoption Potential Score (Fair Price)

Weight | Weight | CTs with ahigh | CTs with a high Differen P-value

. in in score from score from of 2-

Variable . . . ) ce of | F-test

Equation Equation,  Equation (5) Equation (3) means sample t

(5) (3) Mean SD Mean SD test
Age (15 to 34 years old) 0.10 0.15 0.403 [ 0.098 0.244 | 0.060 | 0.159 | 0.0000| 0.0000
9RdzOlF A2y 6% 0019 QKO8 4 NIK04 | 0.133 | 0.468 | 0.099 | 0.036 | 0.0007| 0.0208
| 2dzaSK2f R AyORYS p®.14 MM.A63 5 /0415 | 0.605 | 0.086 | -0.342 | 0.0008| 0.0000
Occupation (NOC =07 or09) 0.23 0.063 | 0.047 0.081 | 0.046 | -0.018 | 0.6079| 0.0024
Driving 0.27 0.233 | 0.072 0.726 | 0.120 | -0.493 | 0.0000| 0.0000
Not driving 0.38 0.755 | 0.071 | 0.264 | 0.118 | 0.491 | 0.0000| 0.0000
¢NRALI RAaGIY )OS o ®OF |YO550[ 0.130 | 0.552 | 0.087 | -0.037 | 0.0000| 0.0148
Job density 0.06 0.04 | 16,212 31,270| 1,061 | 4,696 | 15,151 | 0.0000 | 0.0000
Population density 0.04 18,424 | 12,714| 3,308 | 2,924 | 15,116 | 0.0000| 0.0000
PAV adoption potential scor¢ 1.00 0.456 | 0.087 | 0.619 | 0.029 | -0.163 | 0.0000| 0.0000
SAV adoption potential scor¢ 1.00 0.547 | 0.045 | 0.291 | 0.067 | 0.256 | 0.0000| 0.0000
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Table5.14 Comparison between the Areas with a High PAdoption Potential Score and the
Areas with a High SAV Adoption Potential Score (High Price)

Weight | Weight| CTswith ahigh| CTs with a high Differen P-value
. in in score from score from of 2-
Variable . ) } : ceof | F-test
Equation Equation|  Equation (7) Equation (3) means sample t
(7) (3 Mean SD Mean SD test
Age (15 to 34 years old) 0.16 0.15 0.414 | 0.102 [ 0.244 | 0.060 | 0.170 | 0.0000 | 0.0000
9RdzOI A2y 6% 04 QKOBS 2 NIB58 | 0.095 | 0.468 | 0.099 | 0.090 | 0.7147 | 0.0000
| 2dza SK2f R AYORYS p %14 mM.898 j s0AGD | 0.605 | 0.086 | -0.307 | 0.0096 | 0.0000
Occupation (NOC =07 or09) 0.16 0.045 | 0.025 [ 0.081 | 0.046 | -0.036 | 0.0000 | 0.0000
Driving 0.27 0.232 | 0.076 | 0.726 | 0.120 | -0.494 | 0.0000 | 0.0000
Not driving 0.35 0.755 | 0.074 | 0.264 | 0.118 | 0.491 | 0.0000 | 0.0000
CNALI RAAGE Y DS o6 @07 |YOM§0| 0.125 | 0552 | 0.087 | -0.063 | 0.0001| 0.0001
Job density 0.05 0.04 | 18,788 | 33,404| 1,061 | 4,696 | 17,727 | 0.0000| 0.0000
Population density 0.04 18,817 | 13,712| 3,308 | 2,924 | 15,509 | 0.0000| 0.0000
PAV adoption potential score 1.00 0.487 | 0.070 | 0.619 | 0.029 | -0.132 | 0.0000 [ 0.0000
SAV adoption potential scor¢ 1.00 0.594 | 0.055 | 0.291 | 0.067 | 0.303 | 0.0000 | 0.0000

Table5.15 Comparison between the Areas with Low PAV Adoption Potential and the Areas

with Low SAV Adoption Potential

Items for comparison

Areas with low PAV adption
potential

Areas with low SAV adoption
potential

Average sore

Higher

Lower

Typical location in a metropolitan
area

The central city

The outer suburb

Proportion of all studied CTs

13%

27% (fair price)26% (high price)

Dominant housing type

Outstde the industrial zonehouses
(primarily detached) mixed with
some town houses, or apartmer|
buildings of various heights

Largelot single detached houses

Density of green space

Usually not high, often low

sometimes zero

Usually not low; often high

Presence of golf courses

Sometimes present

Golf course is a common landmar

Presence of farmlands or greenbe
lands

Not present, or present in a loy
proportion

Commonly present

Density of onstreet businesses

Usuallynot zero; often not low

Absent, or dw

Density of industrial lands

High in many areas

Often not present

Proportion of area for mixed land
uses

Usually not zero; often not low

Absent, or low

Proximity to highway

Some areadave a highway insids
or nearby

Usually have at least one highwg
inside or nearby

Quality of public transit services

Have a decent access to trans
services

Many areas have no or lited
access to transit services
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Table5.16 Comparison between the Areas with a Low PAV Adoption Potential Score and the

Areas with aLow SAV Adoption Potential Score (Fair Price)

Weight | Weight| CTswithalow | CTs with alow Differen P-value

. in in score from score from of 2-

Variable . ) } : ceof | F-test

Equation Equation|  Equation (5) Equation (3) means sample t

(5 (3 Mean SD Mean SD test
Age (15 to 34 years old) 0.10 0.15 0.236 | 0.032 [ 0.275 | 0.048 | -0.039 | 0.0000 | 0.0000
9RdzOI A2y 6% 0019 QKOBS 2 NI263 | 0.104 | 0.157 | 0.081 | 0.106 | 0.0002 | 0.0000
| 2dzASK2f R AYyORYS pR14 MmAEW /0418 | 0.164 | 0.068 | 0.341 | 0.0000| 0.0000
Occupation (NOC =07 or 09) 0.23 0.161 | 0.061 | 0.241 | 0.076 | -0.080 | 0.0002 | 0.0000
Driving 0.27 0.820 | 0.047 | 0.509 | 0.151 | 0.311 | 0.0000| 0.0000
Not driving 0.38 0.171 | 0.046 | 0.482 | 0.150 | -0.311 | 0.0000| 0.0000
CNAL) RAGGFY DS o6 @07 |YO980| 0.093 | 0.563 | 0.128 | -0.065 | 0.0000 | 0.0000
Job density 0.06 0.04 434 553 1,714 | 2,977 | -1,280 | 0.0000 | 0.0000
Population density 0.04 1,921 | 1,342 | 7,223 | 7,443 | -5,302 | 0.0000 | 0.0000
PAV adoption potential score 1.00 0.529 | 0.065 | 0.337 | 0.030 | 0.192 | 0.0000 | 0.0000
SAV adoption potential scor¢ 1.00 0.237 | 0.020 | 0.403 | 0.067 | -0.166 | 0.0000 [ 0.0000

Table5.17 Comparison between the Areas with a High PAV Adoption Potential Score and the

Areas with a High SAV Adoption Potential Score (High Price)

Weight | Weight| CTswithalow | CTs with alow Differen P-value

. in in score from score from of 2-

Variable . . . ) ce of | F-test

Equation [Equation,  Equation (7) Equation (3) means sample t

(7) (3) Mean SD Mean SD test
Age (15 to 34 years old) 0.16 0.15 0.237 | 0.032 [ 0.275 | 0.048 | -0.038 | 0.0000 | 0.0000
9RdzOF A2y 0% 04 QKOS38 7 NU228 | 0.087 | 0.157 | 0.081 | 0.071 | 0.2684 | 0.0000
| 2dzaSK2f R AYyORYS P R14 MMA7ZLI /0432 | 0.164 | 0.068 | 0.307 | 0.0000| 0.0000
Occupation (NOC =07 or09) 0.16 0.180 | 0.058 [ 0.241 | 0.076 | -0.061 | 0.0000 | 0.0000
Driving 0.27 0.820 | 0.049 [ 0.509 | 0.151 | 0.311 | 0.0000 | 0.0000
Not driving 0.35 0.171 | 0.048 [ 0.482 | 0.150 | -0.311 | 0.0000 | 0.0000
CNALI RAAGF YOS o @07 |YO4§40| 0.092 | 0563 | 0.128 | -0.079 | 0.0000 | 0.0000
Job density 0.05 0.04 447 544 1,714 | 2,977 | -1,267 | 0.0000 [ 0.0000
Population density 0.04 1,935 1,360 | 7,223 | 7,443 | -5,288 [ 0.0000 | 0.0000
PAV adoption potential score 1.00 0.506 | 0.066 | 0.337 | 0.030 | 0.169 | 0.0000| 0.0000
SAV adoption potential scor¢ 1.00 0.240 | 0.023 | 0.403 | 0.067 | -0.163 | 0.0000| 0.0000

similarly, the differences of the means of these threeiables (education, occupation, and trip

distance) are less than 11%.

5.1.7 Areas Scoring High in Both PAV and SAV Adoption Potential

AlthoughSection 5.1.5 and Section 5.1.6 reveal tinare are drastic differences between
the areas with high PAV agtion potential andhe areas with high SA&tloption potential, there

existcensus tracts high in both PAV and SAV adopimential. There are only 3 such census

96



tracts when assuming the price of SAVs is to be fair. They are either around Union G@tiair)

or Exhibition GO train statiofsee Magb.7). When assuming the price of SAVs is to be high, there
IS one more census tract adding to the thrédeis around Summerhill subwayadion (see Map

5.8). Considering the low number of census tracts highoth PAV and SAV adoption potential,
there islittle need to develop an AV adoption plan or policy for the census tratisvever,
planners and policy makers may approach the residents there to better understand why they
prefer to adopt both PAVs andASs.

Table5.18and Tableb.19are two tentative efforts to exploresome differences between
the areas high in both PAV and SAV adopgiotential and those not.Table5.20is a tentative
effort to check the influence of SAV price change on the areasmlgith PAV and SAV adoption
potential. The reason why the efforts are tentative is that there are too few census tracts high in
both PAV and SAV adoption potential, and thus the validity of #8sts and the tests done for
the three tables may not besufficiently strong. Considering the three tables show
straightforward information, the thesis would not particularly emphasize any relationships from
the three tables. Nonetheless, they are some references for AV researchers, planner, and policy
makers b get a sense of some possible characteristics of the areas high in both PAV and SAV
adoption potential.

Scrutinizing the land uses in the areas high in both PAV and SAV adoption potential with
reference to Google Maps (2019), some land uses often prasdht areas. Unanimously, the
areas are very well covered by multiple types of public transit services, which include bus,
streetcar, subway, and inteegional passenger train. Moreover, their land uses are mixed land
uses. For the three census tractoand Union and Exhibition GO train stations, gk and
high-rise residential and commercial buildings are dominant. For the census tract beside
Summerhill subway station, there is no nrride and higkrise residential and commercial
buildings. Howeverits emergence as a census tract having high scores in both PAV and SAV
adoption potential in a higiBAVprice scenario does not deny that mige and higkrise
residential and commercial buildings are important landmarks in the areas high in both PAV and

SAV adoption potential.
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Map 5.7 Areas Scoring High in Both PAV and SAV AdopBotential (FairSAVPrice)
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Map 5.8 Areas Scoring High in Both PAV and SAV AdopEotential (HighSAVPrice)
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Table5.18 Comparison between the Areas High in Both PAV &&V AdoptiorPotential and
Those Not (Fair SAV price)

Weight | Weight | CTs highin both| CTs not highin Differen P-value
. in in PAV and SAV | both PAV and SA of 2-
Variable . ) . . ) i ceof | F-test
Equation|Equationjadoption potential|adoption potential means sample t
(3) (5) Mean SD Mean SD test
Age (15 to 34 years old) 0.15 0.10 0.646 | 0.010 [ 0.265 | 0.057 | 0.381 | 0.0867 | 0.0000
9RdzOlI GA2y 6% 0B8 QKOO 2 NIY10 | 0.036 | 0.304 | 0.140 | 0.406 | 0.1833 | 0.0000
| 2dzaSK2f R AYyORYH px bmMMAASS /0010 | 039 | 0.162 | -0.002 | 0.0113 | 0.8321
Occupation (NOC = 07 or 09) 0.23 0.021 | 0.006 | 0.165 | 0.085 | -0.144 | 0.0133 [ 0.0033
Driving 0.27 0.254 | 0.093 | 0.645 | 0.180 | -0.391 | 0.6575 | 0.0002
Not driving 0.38 0.733 | 0.093 [ 0.344 | 0.178 | 0.389 | 0.6722 | 0.0002
CNALI RAAGF Yy PS0.06 % on |YOdg80| 0.130 | 0543 | 0.102 | -0.115 | 0.1705 | 0.0512
Job density 0.04 0.06 | 33,331] 19,830 1,828 | 8,639 | 31,503 | 0.0008 | 0.1537
Population density 0.04 | 20,723 | 3,241 | 4,995 | 5,915 | 15,728 | 0.7246 | 0.0000
PAV adoption potential scor¢ 1.00 0.630 | 0.022 | 0.484 | 0.089 | 0.146 [ 0.1676 | 0.0047
SAV adoption potential scorg 1.00 0.609 | 0.050 | 0.335 | 0.090 | 0.274 | 0.7302 | 0.0000

Table5.19 Comparison between the Areas High in Both PAV and SAV AdoRimential and
Those Not (High SAV price)

Weight | Weight | CTs high in both| CTs not highin Differen P-value
. in in PAV and SAV |both PAV and SA of 2-
Variable . _ ) . . _ ceof | F-test
Equation| Equationjadoption potential|adoption potential means sample t
(3) (7) Mean SD Mean SD test
Age (15 to 34 years old) 0.15 0.16 0.543 | 0.180 | 0.265 | 0.057 | 0.278 | 0.0000| 0.0751
9RdzOF A2y 0% 088 QKO8 7 NIY0o4 | 0.032 | 0.303 | 0.140 | 0.401 | 0.0490| 0.0001
| 2dzZaSK2f R AyOR VS px bMMALK j/0A@ | 0389 | 0.162 | 0.056 | 0.6503| 0.4901
Occupation (NOC =07 or 09) 0.16 0.019 | 0.006 [ 0.165 | 0.085 | -0.146 | 0.0016 | 0.0000
Driving 0.27 0.276 | 0.089 [ 0.646 | 0.180 | -0.370 | 0.3855| 0.0000
Not driving 0.35 0.713 | 0.088 [ 0.344 | 0.178 | 0.369 | 0.3881| 0.0000
¢NALI RAAGH Yy ®S008 % on |YOMPB80| 0.118 | 0543 | 0.102 | -0.135 | 0.2875| 0.0079
Job density 0.04 0.05 | 25,921 | 21,439| 1,826 | 8,642 | 24,095| 0.0000| 0.1467
Population density 0.04 16,884 | 7,217 | 4,995 | 5,917 | 11,889 | 0.2295| 0.0001
PAV adoption potential scor¢ 1.00 0.619 | 0.026 | 0.484 | 0.089 | 0.135 | 0.0993| 0.0025
SAV adoption potential scor¢ 1.00 0.648 | 0.079 | 0.340 | 0.095 | 0.308 | 0.8417| 0.0000
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Table5.20Impact of SAV Price o8omeCharacteristics of the Areas High in Bd@\V and SAV
Adoption Potential

CTs high in both[ CTs not highin

Weight | Weight [ Weight i P-value
ing ing ing PAV and SAV |both PAV and SA) Differen of 2-
Variabl . . . i i i i f | F-
ariable Equation|Equation Equation adoption potential|adoption potential| ce O test sample

(high SAV price)| (fair SAV price) | means

3 @) (5) test
Mean SD | Mean SD

Age (15 to 34 years old) 0.15 0.16 0.10 | 0.543 | 0.180 | 0.646 | 0.010 | -0.103 | 0.0067 | 0.3918
9RdzOI A2y 6% 088 QK4 4 N®I19 | 0.704 | 0.032 | 0.710 | 0.036 | -0.006 | 0.7587 | 0.8603
| 2dzaSK2f R AyORYHS px bmnnIp0@446 | 0.100 | 0.388 | 0.010 | 0.057 | 0.0220| 0.3937
Occupation (NOC = 07 or 09 0.16 0.23 | 0.019 | 0.006 | 0.021 | 0.006 | -0.002 | 0.9565| 0.7062
Driving 0.27 0.276 | 0.089 | 0.254 | 0.093 | 0.022 | 0.8154| 0.8003
Not driving 0.35 | 0.38 | 0.713 | 0.088 | 0.733 | 0.093 | -0.020 | 0.8034 | 0.8112
CNRALI RAAGH Y PS0.08 % on |YAYO 0408 | 0118 | 0.428 | 0.130 | -0.020 | 0.7570| 0.8625
Job density 0.04 0.05 0.06 | 25,921 | 21,439 33,331| 19,830| -7,410 | 0.9508 | 0.7092
Population density 0.04 0.04 | 16,884 | 7,217 | 20,723| 3,241 | -3,839 | 0.3809| 0.5006
PAV adoption potential scor¢ 1.00 0.619 | 0.026 | 0.630 | 0.022 | -0.011| 0.9117| 0.6464
SAV adoption potential scorg¢ 1.00 1.00 0.648 | 0.079 | 0.609 | 0.050 | 0.039 | 0.6402 | 0.5567

5.1.8 Areas Scoring Low in Both PAV and SAV Adoption Potential

There exist census tractsw in both PAV and SAV adoptipotential. There are only 3
such census tracts when assuming the price of SAVs is to b&Hayare in Hamilton, Georgia,
and Claringtonsee Map5.9). Their locations are all in the outer suburb of the GTHA. When
assuming the price of SAVs is to be high, the number of such census tracts increases to 15, which
includes the previous 3 census tracthe locations of the 15 census tracts are in Hamilton,
GeorgiaClarington, Oshawa, Whitby, and Ajax (see Md). Thus, as the SAV price increases,
the areas low in both PAV and SAV adoption potential start encroaching the inner suburb from
the outer siburb. It is also noticed that even though the lowesr municipalities of Peel, and
Halton are either in the inner suburb or the outer suburb of the GTHA, they do not have any
census tracts low in both PAV and SAV adoption potential. Thus, being a ralityigip the
suburb of a metropolitan area does not mean it would have an area low in both PAV and SAV
adoption potential. Considering the low number of census tracts low in both PAV and SAV
adoption potential, there is little need to develop an AV adoptpdan or policy for the census
tracts. However, planners and policy makers could approach the residents there so as to better
understand why they have a low passion for both PAV and SAV adoptions.

Table 5.21 and Table 5.22 are two tentative efforts tplese some differences between

the areas low in both PAV and SAV adoption potential and those not. Table 5.23 is a tentative
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Map 5.9 Areas Scoring Low in Both PAV and SAV Adoption Potential (Fair SAV Price)
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Map 5.10 Areas Scoring Low in Both PAV and S¥léption Potential HighSAV Price)
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Table5.21 Comparison between the Areas Low in Both PAV and SAV Adoption Potential and
Those Not (Fair SAV price)

Weight | Weight | CTslow in both | CTs notlow in Differen P-value
. in in PAV and SAV | both PAV and SA of 2-
Variable . ) . . ) i ceof | F-test
Equation|Equationjadoption potential|adoption potential means sample t
(3) (5) Mean SD Mean SD test
Age (15 to 34 years old) 0.15 0.10 0.081 | 0.076 [ 0.266 | 0.059 | -0.185 | 0.0761 | 0.0000
9RdzOlI A2y 6% 0B8 QKOO 2 NIBS2 | 0.016 | 0.305 | 0.141 | -0.223 | 0.0657 | 0.0040
| 2dzASK2f R AYyORYWH px PMAMLD J /0068 | 039 | 0162 | -0.241 | 0.1157 | 0.0198
Occupation (NOC = 07 or 09) 0.23 0.254 | 0.014 | 0.165 | 0.085 | 0.089 | 0.1026 [ 0.0965
Driving 0.27 0.804 | 0.019 | 0.645 | 0.180 | 0.159 | 0.0235 | 0.0015
Not driving 0.38 0.221 | 0.014 | 0.346 | 0.180 | -0.125| 0.3851 | 0.0983
CNAL) RA&UGF Yy ®S0.08 % on |YO3YR0| 0.092 | 0.543 | 0.101 | -0.164 | 0.1817 | 0.0000
Job density 0.04 0.06 815 815 1,897 | 8,807 | -1,082 | 0.0227 | 0.1120
Population density 0.04 1,672 | 1,263 | 5037 | 5,958 | -3,365 | 0.1363 | 0.2555
PAV adoption potential scor¢ 1.00 0.333 | 0.010 | 0.485 | 0.089 | -0.152 [ 0.0377 | 0.0008
SAV adoption potential scorg 1.00 0.219 | 0.035 | 0.336 | 0.091 | -0.117 | 0.4082 | 0.0261

Table5.22 Comparison between the Areas Low in Both PAV and SAVpAdo Potential and
Those Not (Hig SAV price)

Weight | Weight | CTs low in both | CTs notlow in Differen P-value

. in in PAV and SAV |both PAV and SA of 2-

Variable . _ ) . . _ ceof | F-test

Equation| Equationjadoption potential|adoption potential means sample t

(3) (7) Mean SD Mean SD test
Age (15 to 34 years old) 0.15 0.16 0.219 | 0.066 | 0.266 | 0.059 | -0.047 | 0.4619| 0.0018
9RdzOF A2y 06 088 QKO8 7 NUDP8S | 0.025 | 0.307 | 0.140 | -0.219 | 0.0000 | 0.0000
| 2dzaSK2f R AyORYH px bMOMY H 005 | 0391 | 0161 | -0.194 | 0.0000| 0.0000
Occupation (NOC =07 or 09) 0.16 0.265 | 0.030 [ 0.164 | 0.085 | 0.101 | 0.0001 | 0.0000
Driving 0.27 0.750 | 0.032 [ 0.644 | 0.181 | 0.106 | 0.0000 | 0.0000
Not driving 0.35 0.242 | 0.022 [ 0.346 | 0.180 | -0.104 | 0.0000 | 0.0000
¢NALI RA&GI Yy PS008 % on |YO3§90[ 0.055 | 0.544 | 0.100 | -0.155 | 0.3603 | 0.0000
Job density 0.04 0.05 938 596 1,905 | 8,844 | -967 | 0.0000| 0.0005
Population density 0.04 2,779 1,610 | 5,055 | 5,979 | -2,276 | 0.0000 | 0.0001
PAV adoption potential scor¢ 1.00 0.356 | 0.021 | 0.486 | 0.089 | -0.130 | 0.0000| 0.0000
SAV adoption potential scor¢ 1.00 0.246 | 0.033 | 0.342 | 0.096 | -0.096 | 0.0001| 0.0000

effort to check the influence of SAV price change on the areas high in both PAV and SAV adoption
potential. The reason why the efforts are tentative is that there are very few census tracts low in
both PAV and SAV adoption potential, andgtihe validity of the fests and the tests done for

the three tables may not be sufficiently strong. Considering the three tables show
straightforward information, the thesis would not particularly emphasize any relationships from
the three tables. Noetheless, they are some references for AV researchers, planner, and policy

makers to get a sense of some possible characteristics of the areas low in both PAV and SAV
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Table5.23Impact of SAV Price on Some Characteristics of the Areas Low in Both PASAand
Adoption Potential

Weight | Weight | weight CTs lowin both | CTs low in both _ P_value
in in in PAV and SAV PAV and SAV |Differen of 2-

Variable adoption potential|adoption potential| ce of | F-test
sample t

Equation[Equation/Equation
a . a (high SAV price)| (fair SAV price) | means

3 @) (5) test
Mean SD | Mean SD

Age (15 to 34 years old) 0.15 0.16 0.10 | 0.219 | 0.066 | 0.081 | 0.076 | 0.138 | 0.2189| 0.0563
9RdzOI A2y 6% 088 QK4 4 N®I9 | 0.088 | 0.025 | 0.082 | 0.016 | 0.006 | 0.8558 | 0.4044
| 2dzaSK2f R AyORYHS px bmnnIpm0A% | 0.052 | 0149 | 0.003 | 0.048 | 0.8375| 0.4311
Occupation (NOC = 07 or 09 0.16 0.23 | 0.265 | 0.030 | 0.254 | 0.014 | 0.011 | 0.6350| 0.3869
Driving 0.27 0.750 | 0.032 | 0.804 | 0.019 | -0.054 | 0.5384| 0.0309
Not driving 0.35 | 0.38 | 0.242 | 0.022 | 0.221 | 0.014 | 0.021 | 0.1599 | 0.1091
CNRALI RAAGH Y PS0.08 % on |YAyYO 038 | 005 | 0379 | 0.092 | 0.010 | 0.1013| 0.2657
Job density 0.04 0.05 0.06 938 596 815 815 123 | 0.3088 | 0.4555
Population density 0.04 0.04 2,779 | 1,610 | 1,672 | 1,263 | 1,107 | 0.9304 | 0.1991
PAV adoption potential scor¢ 1.00 0.356 | 0.021 | 0.333 | 0.010 | 0.023 | 0.5436| 0.0900
SAV adoption potential scorg¢ 1.00 1.00 0.246 | 0.033 | 0.219 | 0.035 | 0.027 | 0.4351| 0.0250

adoption potential.

Scrutinizing the land uses in the arda® in both PAV and SAV adoption potential with
reference to Google Maps (2019ere are three categorieEach of them does not typically
exist in one or two municigaies. One category is a town or a local center surrounded by low
density or middensity residential units. One category is an industrial center surrounded by low
density or middensity residential units. The remaining category is the natural land or the
farmland, in which a small number of single detached houses are viSh#dirst two categories
have decent public transit services. The last category has limited or no public transit services.
Thus, the population density and job density vary a lohmareas. Thereforeghere is natypical

type of land usdor locatingwhere thelikely areasare.

5.2 The PAV and SAV Adoption Potential around the GO Train Stations in the
GTHA

As concluded in Section 4.3, areas within-kl@meter buffer of GO trairstations are
defined aghe service areas of the stations fibreir parkand-ride and kissand-ride passengers.
Map 5.11 shows the kilometer, 4kilometer, and “kilometer buffers of the stations.
Approximately, 8% (110 census tracts) of the GiBHAthe 1-kilometer buffer;66% (944 census
tracts) of the GHA is in the 4kilometer buffer; and87% (1239 census tracts) of the GTHA is in
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Map 5.11 The Service Areas of the GO Train Stations in the GTHA ford&aHRide and Kiss
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Table5.24 The PAV and SAV Adoptid?otential inside and outsideghe 7km Buffer of the GO
Train Stations in the GTHA

. . P-value
Outside the Differen;
i Inside the buffers of 2-
Variable buffers ce of F-test
sample t
means
Mean SD Mean SD test

Age (15t0 34yearsold) | 0.269 | 0.061 | 0.241 | 0.430 | 0.028 | 0.0000| 0.0000
9RdzOI GA2Yy 0% 0819PrO34353 NI202 | 0.076 | 0.117 | 0.0000| 0.0000

| 2dza SK2f R Ay OP V&9 b &16® |1 0.A68 J) /0427 | -0.084 | 0.0001| 0.0000
Occupation (NOC =07 or0d) 0.157 | 0.084 | 0.222 | 0.069 | -0.065 | 0.0013| 0.0000

Driving 0.617 | 0.175 | 0.834 | 0.085 | -0.217 | 0.0000| 0.0000

Not driving 0.373 | 0.174 | 0.152 | 0.058 | 0.221 | 0.0000| 0.0000
CNA LI RAAGI y Q.55 % 0d00 |YO4930| 0.099 | 0.057 | 0.8235| 0.0000
Job density 2,126 | 9,384 282 378 1,844 | 0.0000 | 0.0000
Population density 5508 | 6,187 | 1,695 | 1,777 | 3,813 | 0.0000| 0.0000

PAV adoption potential scorgs 0.482 | 0.092 | 0.501 [ 0.063 | -0.019 | 0.0000 | 0.0006
SAV adoption potential scorg
(fair price)

SAV adoption potential score
(high price)

0.348 | 0.089 | 0.250 | 0.052 | 0.098 | 0.0000 | 0.0000

0.355 | 0.093 | 0.243 | 0.045 | 0.112 | 0.0000 | 0.0000

the 7-kilometer buffer. As a large proportion of the GTHA is in thepaudkride and kissandride
service areas of the GO train stationgsinecessary and meaningful to assess whether the PAV
and SAV adoption potential in the service areas is different from those outside. Thus, comparing
the potential inside and outside thekilometer buffer is a major task.

Table 5.24 demonstrates wheth#nere exist some differences between the pamhkd-
ride and kissand-ride service areas of the GO train stations in the GTHA and the rest of the GTHA
in terms of the modeling variables and results. Significantly, the station service areas have much
more peple notrelying ondriving for commuihg, much more highly educated people, more
long commuters, slightly more young people, less people whose NOC occupation numbers are
07 or 09, less higmcome households, and much less people dependemtdriving for
commutng. In addition, they have higher population and job densities. These differences
comprehensively lead to two statistically significant results. First, the overall PAV adoption
potential in the station service areas is slightly (1.9%) lower thaiaihtside. Second, the overall

SAV adoption potential in the station service areas is approximately 10% more than that outside
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in both price scenarios. Therefore, their difference in SAV adoption potential is much more
prominent than their difference in RAadoption potential. In addition, a fluctuation of SAV price
would not change their difference in SAV adoption potential much.

Table 5.25 indicates that all the significant differences true at théometer buffer are
also true at the &ilometer buffe. Particularly, the difference of means of the PAV adoption
potential scores do not change much. However, the difference of means of SAV adoption
potential scores approximately reduces by a half in both price scenarios. The reduction reveals
that the peoge living between 4 kilometers and 7 kilometers from their home GO train stations
are much more willing to adopt SAVs than those living less than 4 kilometers from their home
stations. Major contributing factors to the reduction include large reductiontténdifferences
of means of the proportion of highly educated people, and the proportion of peopleeaiping
on driving for commuing as the radius is reduced from 7 kilometers to 4 kilometers. The minor
contributing factors include noticeable reducti®im the differences of means of the proportion
of young people, job density, and population density.

Table5.26indicates that in the kilometer buffer of the stations, mogif the significant
differences true at the -kilometer and the 4«ilometer bufers are also true at the-Rilometer
buffer. Particularly, the difference of means of PAV adoption potential scores do not change
much as the radius reduces from 4 kilometers to 1 kilometers. However, the difference of means
of SAV adoption potential scaefurther reduces by approximately in both price scenarios
Therefore, SAV adoption potential noticeably decreases as one gets closer to a GO train station,
though this potential keeps being much significantly higher than that outside the buffer radius.
In terms of the decrease in the overall SAV adoption potential near the stations between the 1
kilometer and the 4ilometer buffers, the contributing factors are small decreases in the
differences of means of the proportion of highly educated people, ttapprtion of people not
relying on driving for commutingand population density. It is noticed that from thekdlometer
buffer to the Xkilometer buffer, there is a large drop in the proportion of long commuters, but
it does not cause a large change ie tifference of means of the PAV adoption potential.

Building connections to Map 5.4, Map 5.5, and Map 5.6, the three maps actually reflect

the findings that near the GO train stations, there is lower PAV adoption potential, and higher
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Table5.25The PAVand SAV AdoptiorPotential inside and outside the 4km Buffer of the GO
Train Stations in the GTHA

. . P-value
Outside the Differen;
i Inside the buffers of 2-
Variable buffers ce of F-test
sample t
means
Mean SD Mean SD test

Age (15to 34yearsold) | 0.272 | 0.065 | 0.253 | 0.043 | 0.019 | 0.0000| 0.0000
9RdzOI GA2Yy 0% 0817 rO33F7 4 NI279 | 0.148 | 0.038 | 0.0427 | 0.0000

| 2dza SK2f R Ay OP %6 p 8159 W M.A3 j /0458 | -0.071 | 0.8898 | 0.0000
Occupation (NOC =07 or0d) 0.156 | 0.080 | 0.183 | 0.090 | -0.027 | 0.0027 | 0.0000

Driving 0.605 | 0.176 | 0.723 | 0.165 | -0.118 | 0.1124 | 0.0000

Not driving 0.385 | 0.175 | 0.266 | 0.160 | 0.119 | 0.0332 | 0.0000
CNA LI RAAGI y QD557 % 098 | YOA5$40| 0.103 | 0.043 | 0.1571| 0.0000
Job density 2,405 | 10,665| 875 | 1,822 | 1,530 | 0.0000 | 0.0000
Population density 5722 | 6,480 | 3,645 | 4,422 | 2,077 | 0.0000| 0.0000

PAV adoption potential scorgs 0.476 | 0.091 | 0.500 [ 0.084 | -0.024 | 0.0342 | 0.0000
SAV adoption potential scorg
(fair price)
SAV adoption potential score
(high price)

0.353 | 0.090 | 0.301 | 0.083 | 0.052 | 0.0551| 0.0000

0.360 | 0.094 | 0.303 | 0.088 | 0.057 | 0.1369 | 0.0000

SAV adoption potential. Visible from Map 5.4, the colored patches around many GO train stations,
such as Brampin, Bramaleaand Richmond Hill are overalighter than ther surroundings. It
meansthat the PAV adoptiopotentialnear the stations are lower than those fartheofn them.

Also visible from Map 5.5 and Map 5tBe colored patches arountanyGO train stations, such

as Hamilton, Newmarket, ar\hitby are overall darker than the surroundings. It means that the
SAV adoptiompotential near the stations are higher than those farther from them.

Now that the GO train station service areas have less PAV adoption potential, and more
SAV adoption potetral, it is necessary to cheakhether the seven G@ain lines differ a lot in
their nearbypotential.

Table 5.27, Table 5.28, and Table 5.29 are some works done for the check. Generally
speaking, around Richmond Hill Line and Milton Line, there aremosly higher PAV adoption
potential, compared to other lines (see Table 5.27). The higher potential do not fluctuate much
inside their parkandride and kissand-ride service areas. Near Milton Line, there is also an

obviously less SAV adoption potentalall radii of the three buffers and in both SAV price
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Table5.26 The PAV and SAV Adoptid®otential inside and outside the 1km Buffer of the GO
Train Stations in the GTHA

. . P-value
Outside the Differen;
: Inside the buffers of 2-
Variable buffers ce of F-test
sample t
means
Mean SD Mean SD test

Age (15t0 34yearsold) | 0.291 | 0.084 | 0.263 | 0.056 | 0.028 | 0.0000| 0.0012
9RdzOI GA2Yy 0% 0834 QrO34 4 NIB02 | 0.141 | 0.032 | 0.8733] 0.0212

| 2dza SK2f R Ay OP ¥®8 p &15b 1 0.8% /4 /0462 | -0.067 | 0.4220 | 0.0000
Occupation (NOC =07 or0d) 0.143 | 0.067 | 0.167 | 0.086 | -0.024 | 0.0010| 0.0008

Driving 0.554 | 0.181 | 0.652 | 0.179 | -0.098 | 0.7877 | 0.0000

Not driving 0.435 | 0.178 | 0.338 | 0.177 | 0.097 | 0.8486| 0.0000
CNA LI RAAGE Y Q.55 0di2 |YO5¢#10| 0.101 | 0.017 | 0.1164 | 0.0984
Job density 6,151 | 25,816| 1,536 | 5,115 | 4,615 | 0.0000| 0.0651
Population density 6,454 | 5,663 | 4,909 | 5963 | 1,545 | 0.5324| 0.0089

PAV adoption potential scorgs 0.466 | 0.086 [ 0.486 | 0.089 | -0.020 | 0.7063 | 0.0246
SAV adoption potential score
(fair price)

SAV adoption potential scorg
(high price)

0.378 | 0.097 | 0.332 | 0.090 | 0.046 | 0.2032| 0.0000

0.387 | 0.107 | 0.337 | 0.094 | 0.050 | 0.0379| 0.0000

scenarios, and this difference increases as one shrinks the service radilialjge8.28 and Table
5.29). However, the SAV adoption potential near Richmond Hill Line is signifloargtyonly if

the service radius is reduced to 1 to 4 kilometdtgeflects a previous finding that within the
service area of a typical GO traiatsbn, the SAV adoption potential decreases as one approaches
the station. Thus, the GO train lines having higher PAV adoption potential nearby does not
necessarily have lower SAV adoption potential nearby.

Table5.28and Tables.29 show that Kitchener he is the only line having an obviously
higher SAV adoption potential nearby. The significance is essentially stable across-dgagark
ride andkissandride service areas. laddition, Kitchener Line has an obviously lower PAV
adoption potential nearbyand this difference is overall stable internally in its station service area
(see Table 5.27).

Table 5.27 shows that Lakeshore East Line and Stouffville Line have obviously lower PAV

adoption potential nearby, and this difference is the largest withia tkilometer buffer.
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Table5.27The PAV AdoptioPotential of the Seven GO Train Lines in the GTHA

In the 7km buffer| In the 7km bufferg Differen P-\;azlue
GO train line of the line of other lines ce of F-test of &
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.476 0.102 0.483 0.090 | -0.007 | 0.0152( 0.3533
Lakeshore East 0.445 0.078 0.489 0.093 | -0.044 | 0.0028 | 0.0000
Milton 0.536 0.070 0.475 0.092 0.061 | 0.0000| 0.0000
Kitchener 0.449 0.080 0.490 0.093 | -0.041 | 0.0060 | 0.0000
Barrie 0.493 0.100 0.481 0.091 0.012 | 0.1243| 0.1707
Richmond Hill| 0.553 0.070 0.474 | 0.091 0.079 | 0.0004 | 0.0000
Stouffville 0.455 0.081 0.487 0.093 | -0.032 | 0.0156 | 0.0000
In the 4km buffer| In the 4km bufferg Differen P—\;azlue
GO train line of the line of other lines ce of F-test Of &
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.469 0.097 0.477 0.090 | -0.008 | 0.1584  0.3075
Lakeshore East 0.439 0.074 0.483 0.092 | -0.044 | 0.0012| 0.0000
Milton 0.531 0.072 0.468 0.091 0.063 | 0.0017 | 0.0000
Kitchener 0.438 0.077 0.485 0.092 | -0.047 | 0.0044 | 0.0000
Barrie 0.483 0.104 0.475 0.090 0.008 | 0.0437 | 0.5443
Richmond Hill| 0.550 0.070 0.468 0.089 0.082 | 0.0049 | 0.0000
Stouffville 0.454 0.079 0.481 0.093 | -0.027 | 0.0111 | 0.0003
In the 1km buffer| In the 1km bufferq Differen- P-\;azlue
GO train line of the line of other lines ce of F-test Of 2
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.456 0.104 0.469 0.080 | -0.013 | 0.0571 | 0.5128
Lakeshore East 0.402 0.066 0.477 0.085 | -0.075 | 0.2640| 0.0012
Milton 0.505 0.059 0.460 0.088 0.045 | 0.1294 | 0.0710
Kitchener 0.435 0.054 0.472 0.090 | -0.037 | 0.0292 ( 0.0322
Barrie 0.479 0.061 0.465 0.087 0.014 | 0.6710| 0.7370
Richmond Hill| 0.534 0.050 0.459 0.086 0.075 | 0.1043| 0.0090
Stouffville 0.444 0.081 0.471 0.087 | -0.027 | 0.8160 | 0.1961
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Table5.28The SAV AdoptioRotential of the Seven GO Train Lines in the GTHA (Fair Price)

In the 7km buffer| In the 7km bufferd Differen; P-value

GO train line of the line of other lines ce of | F-test of 2-
means sample t

Mean SD Mean SD test
Lakeshore Wegqt 0.312 | 0.080 | 0.356 | 0.089 | -0.044 | 0.0677 | 0.0000
Lakeshore East 0.340 | 0.075 | 0.350 | 0.091 | -0.010 | 0.0009 | 0.0824
Milton 0.311 | 0.043 | 0.353 | 0.092 | -0.042 | 0.0000 | 0.0000
Kitchener 0.388 | 0.077 | 0.339 | 0.089 [ 0.049 | 0.0060 | 0.0000
Barrie 0.326 | 0.081 | 0.351 | 0.089 [ -0.025 | 0.2334| 0.0039
Richmond Hill| 0.342 | 0.075 | 0.349 | 0.090 | -0.007 | 0.0103| 0.3516
Stouffville 0.358 | 0.069 | 0.346 | 0.092 [ 0.012 | 0.0000| 0.0381
In the 4km buffer| In the 4km bufferd Differen; P-value

GO train line of the line of other lines ce of F-test of 2-
means sample t

Mean SD Mean SD test
Lakeshore Wegt 0.312 | 0.080 | 0.358 | 0.090 [ -0.046 | 0.3614 | 0.0001
Lakeshore East 0.346 | 0.072 0.354 | 0.093 | -0.008 [ 0.0002 | 0.2352
Milton 0.313 | 0.045 | 0.359 | 0.093 | -0.046 | 0.0000 | 0.0000
Kitchener 0.392 | 0.076 | 0.344 | 0.090 [ 0.048 | 0.0068 | 0.0000
Barrie 0.326 | 0.086 | 0.356 | 0.090 [ -0.030 | 0.6365| 0.0037
Richmond Hill| 0.336 | 0.073 | 0.355 | 0.091 | -0.019 | 0.0088 | 0.0228
Stouffville 0.354 | 0.068 | 0.353 | 0.094 [ 0.001 | 0.0000| 0.8103
In the 1km buffer| In the 1km bufferd Differen; P-value

GO train line of the line of other lines ce of | F-test of 2-
means sample t

Mean SD Mean SD test
Lakeshore Wegqt 0.379 | 0.088 | 0.377 | 0.100 | 0.002 | 0.5278 | 0.9085
Lakeshore East 0.383 | 0.067 | 0.377 | 0.101 | 0.006 | 0.0892 | 0.8110
Milton 0.319 | 0.058 | 0.386 | 0.099 [ -0.067 | 0.0480| 0.0016
Kitchener 0.423 | 0.080 | 0.369 | 0.098 [ 0.054 | 0.4467 | 0.0357
Barrie 0.293 | 0.019 | 0.382 | 0.097 | -0.089 | 0.0087 | 0.0000
Richmond Hill| 0.329 | 0.049 | 0.382 [ 0.099 | -0.053 | 0.0359| 0.0135
Stouffville 0.364 | 0.072 | 0.381 | 0.102 | -0.017 | 0.0825| 0.4690
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Table5.29The SAV AdoptioRotential of the Seven GO TraiLines in the GTHA (High Price)

In the 7km buffer| In the 7km bufferg Differen P-\;azlue
GO train line of the line of other lines ce of F-test of &
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.319 0.083 0.363 0.093 | -0.044 | 0.0462 | 0.0000
Lakeshore East 0.340 0.077 0.358 0.096 | -0.018 | 0.0002 | 0.0033
Milton 0.324 0.042 0.360 0.097 | -0.036 | 0.0000| 0.0000
Kitchener 0.382 0.085 0.349 0.094 0.033 | 0.0616 | 0.0000
Barrie 0.328 0.072 0.354 | 0.094 | -0.026 | 0.0003 | 0.0000
Richmond Hill| 0.371 0.076 0.354 | 0.095 0.017 | 0.0034 | 0.0235
Stouffville 0.364 0.064 0.354 | 0.097 0.010 | 0.0000| 0.0662
In the 4km buffer| In the 4km bufferg Differen P—\;azlue
GO train line of the line of other lines ce of F-test Of &
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.336 0.089 0.365 0.094 | -0.029 | 0.3941 | 0.0004
Lakeshore East 0.346 0.073 0.363 0.097 | -0.017 | 0.0000 (| 0.0199
Milton 0.325 0.044 0.366 0.098 | -0.041 | 0.0000| 0.0000
Kitchener 0.385 0.085 0.354 | 0.095 0.031 | 0.0822 | 0.0001
Barrie 0.324 0.072 0.364 | 0.095 | -0.040 | 0.0022 | 0.0000
Richmond Hill| 0.364 0.074 0.360 0.096 0.004 | 0.0021| 0.6077
Stouffville 0.360 0.062 0.360 0.099 0.000 | 0.0000| 0.9334
In the 1km buffer| In the 1km bufferq Differen- P-\;azlue
GO train line of the line of other lines ce of F-test Of 2
sample t
means
Mean SD Mean SD test
Lakeshore Wedt 0.394 0.099 0.385 0.110 0.009 | 0.5973| 0.7128
Lakeshore East 0.381 0.066 0.389 0.113 | -0.008 | 0.0309 | 0.7069
Milton 0.324 0.060 0.397 0.110 | -0.073 | 0.0232 | 0.0012
Kitchener 0.425 0.093 0.381 0.108 0.044 | 0.5666 | 0.1205
Barrie 0.286 0.025 0.392 0.107 | -0.106 | 0.0159 | 0.0000
Richmond Hill| 0.353 0.058 0.391 0.111 | -0.038 | 0.0532 | 0.2975
Stouffville 0.369 0.064 0.392 0.115 | -0.023 | 0.0045( 0.2176

However, in terms of difference of means, the two lines do not differ much from other lines in

nearby SAV adoption potential (see Table 5.28 and Table 5.29).
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Table5.28and Tables.29indicate that Lakeshore West Linasan obviously lower SAV
adoption potential nearby, but most of the lower adoption potential concentrate between the 4
kilometer and the “ilometer buffers of its stationsSomewhat differently, the two tables also
indicate that Barrie Line has a notid#alower SAV adoption potential nearby, and the difference
is the largest in the -kilometer buffer. For both lines, they do not differ much from other lines
in nearby PAV adoption potential. Synthesizing all the differences as well as the similathes of
lines, it is found thaa line having a relatively higher PAV adoption potential does not necessarily
have a relatively lower SAV adoption potential, and vice versa. In addition, a line having a
relatively lower PAV adoption potential does not neceggahave a relatively higher SAV
adoption potential, and vice versa.

Appendix-reminds that even in a line, different stations can have obviously different PAV
and SAV adoptiopotential around them. For instance, in Kitchener Lities parkand-ride and
kissand-ride service area of Georgetown GO train station has much higher PAV adoption
potential, and much lower SAV adoption potential, relative to the service areas of other stations
in Kitchener Line.

Four stations are worth a particular mentioninghe parkandride and kissaand-ride
service area of Gormley GO train station has the highest PAV adoption potential (l6&fgas
the parkandride and kissand-ride service area of Weston GO train station has the lowest PAV
adoption potential (0.370)The parkandride and kissand-ride service area of Union GO train
station has the highest SAV adoption potential (0.539 for thepiage scenario, and 0.579 for
the highprice scenario), whereas the paakdride and kissand-ride service areas of Liolnville
GO train station has the lowest SAV adoption potential (0.212 for thepfaie scenario, and
0.219 for the higkprice scenario). The maximums and minimums reflect again that the highest
PAV adoption potential scores often occur in the inner shbef the GTHA, while the lowest
often occur in TorontoThey also reflect again that the highest SAV adoption potential scores
often occur at and round the downtown area in Toronto, while the lowest often occur in the

outer suburb of the GTHA.
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Chapter 6: Conclusions

As mentioned in Chapter 1, this thesi®ige of thefirst worksto explore the geography
of PAV or SAV adoption potential, indexing the potential, rayiding insights and implications
on AV adoption for planners and policy makeérsthis Chapter, Section 6.1 will summarize the
answers to the three research questioas posed in Chapter. 1ISection 6.2 will briethe

limitations of the research, whil8ection 6.3 will discus¢ke areas for further research.

6.1 Findings

6.1.1 Factors influencing the Potential Adoptions of PAVs and SAVs

To find the factors influencing the potential adoptions of PAVs and SAVs respectively,
Chapter 2 reviewed the technology adoption theories relevant to AV adopfiable 2.1 and
Table 2.2 summarize theguments of the theories relevant to AV adoption, and provide an
2POSNIBASE 2F GKS 1S@& FFLOG2NBR SyO2dzNy 3Ay3a 2N
However, the theories do not clearly distinguish PAVs from SAVs, while many scholars as
mentioned in Gapter 3 found that the impact of a factor on PAV adoption may differ from its
impact on SAV adoption. ThereforY researchers and technology theorists need to expand the
current AV adoption theories so as to recognize the difference between PAVs arsd SAV
Particularlythe theorists need to test the impacts of the factors as summarized in Table 2.1 and
Table 2.2 on PAV and SAV adoptions.

As efforts to expand the theories, some scholgras mentioned in Chapter 8 have
modeledthe impacts of at leasbne of three types of factors on AV, PAV and SAV adoption
respectively. The three types of factors are (1) the socioeconomic characteristics of a population,
(2) the travel characteristics of a population, and (3) the land use characteristics of where the
population live. The nature of these factofhpacts are summarized in Tal3e2, which clearly
indicates that many factors differ in their influence on potential PAV adoption and potential SAV
adoption. For this reason, potential PAV adoption and po&r8AV adoption are two relatively
independent concepts, and that it is meaningless to find and model the factors influencing

potential AV adoption.
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6.1.2 Assessing Potential PAV and SAV Adoptions in the Urban Context
Chapter 3 identifies three approaeh that AV researchers have useduttderstand AV

adoption First and most commonly used, a survey, an interview, or both are conducted to
quantify theinfluence2 ¥ | aSdG 2F Q@I NAlIofSa 2y LIS2L) SQa Ay
a fewstudies, iMDf dzZRAYy 3 GKAA GKSairaz aeyikKSaiaAlsS az2ys$s
decision making on PAVs and SM\sugh a systematic review of the literatur@hird, some
researches model how the general availability of PAVs and SAVs would impact thentesdide
locations of a population, which they believe would have a long term impact on the PAV and SAV
adoption potential of a placddowever before this thesisthere has been ngtudyindexing the
adoption potential of PAVs and SAdsa specificgeographt unit, such as a census geographic
unit. In addition, no one has mapped the potenaalossa city or a metropolitan area. Therefore,
there has been natudy generatingfindings andsuggestions for planners and policy makers
through the two approachedhus, the thesis is the first effort to narrow the two research gaps.

Coping with the data availability of the 2016 Canadian Ceastise census tract level
and implementing a systematic literature review, the thesis selected 6 variables that are key
fadors reflecting the locations of the people favoring PAVs, and assigned a weight to each of
them. The two steps helped produce a linear equation, indexing the PAV adoption potential of a
census tract. The range of the indexed potential is from 0.000 t601.Both inclusively. The
closer to 1.000 the potential is, the higher the potential. After the PAV potential of all the census
tracts in the GTHA was indexed, ArcMap was used to map their potential usingléeshatural
break classification schem&he produced map demonstrates where, in the GTHA, there exists
high PAV adoption potential, and where there exists low PAV adoption potential. The same
process was utilized to produce the map showing the SAV adoption potential in the GTHA in two
scenarios: he price of SAVs would be fair, and the price would be high.

Although the thesis only models the PAV and SAV adoption potential in the GTHA, the
same processes can be implemented in any otltbanareas in Canada using the 2016 Canadian

Census data. Inhe future, when new Canadian Census data become available, the same
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processes can be done in the GTHA as well as other Canaildamareas to monitor the change
of the potential.

Outside Canada, researchers can check whether they have data for thelesra
described in Equations (3), (5), and (7) for their studied urban area. If they have the data, they
would be able to go through the same processes to assess the PAV and SAV adoption potential
there. If the data of one or more variables are not aud#athey would have two approaches for
consideration. First, they may cheekether there existlata of a reasonablalternative variable.

For example, if there existno data for household income, but for personal income, the
researcher may use the datar personal income to model the impact of income. Second,
researchers may reference to Table 3.2 and Table 4.1, and see which variables are significant for
an adoption scenario, and have data available. Then, they need to find a new weight for each of

sekcted variable.

6.1.3 Implications for Planners and Policy Makers

Chapter? introducest 2 0a 2F FFOG2NBR SAUGKSNI SyO2 dzNJF IAY =
to adopt AVs. From these factors, planners and policy makers can learn the lessons as tabulated
in Table 6.1.

Chapter 5 provides a case study of the PAV adoption potential and the SAV adoption
potential in the GTHA. From the case study, planners and policy makers, especially those in the
GTHA, can learn lots of lessons.

Thefirst lesson is on thehoices of PAV and SAV testing corridors. Places with high PAV
adoption potential tendgo cluster in the inner suburb, while places with high SAV adoption
potential tends to cluster in the Downtown. Thus, before allowing a general operation of AVs due
to aconcern of the safety of the vehicles (the concern was discussed in Chapter 2), planners are
recommended to choose some roads in the inner suburb for testing PAV operation, and some
roads in the Downtown for testing SAV operation.

The second lesson is ¢ime target groups of people who may be approached in a plan or
policy development. In the areas with high PAV adoption potential, there are more highly

educated peoplemore highrincome households, anthore people heavily dependent on driving
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Table6.1 Lessons from Chapter for Planners and Policy Makers

Finding

Suggestion

PAVs and SAVs are
independent concepts.

relative

Plan and policy making on AVs should take into consideration
differences of PAVs and SAVs; and may design different goalstivage
rules, principles, and items for PAV adoption and SAV adoption.

Some people have concerns on tl
life safety and cyber security of AV

The government develops safety standards for PAVs and SAVSs. In ad
the government may consider providingrfding for the research on A
safety, especially on the technology improving AV safety.

Many people wish that drivers
would not be responsible for th¢
accidents caused by PAVs.

The government needs to assess this wish, and decide whether driver
be canditionally waived of their responsibilities for an accident. Mg
importantly, the government should identify the roles and responsibilit
of the drivers and the passengers in a PAV or SAV.

Policy incentives would encourag

The goernment comprehensively uses incentives and deterrents to g

seniors, but many seniors doot
prefer AVs, especially SAVs, due
various reasons.

people to adopt AVs. LIS2 L) SQa O2yadzYLliaAzya 2y t! +xa |
good traffic condition and a sustainable transportation.
AVs would improve the mobility o ¢ KS 32 FSNYYSyd YIF& RSaA3ay | LINJ

PAVs and SAVs, and teach them how to use the two types of vehicle

The preparedness of the traffi
infrastructure for AV adoptin is a
key factor influencing AV adoption

The government should make a long term plan to install the necesg
facilities to assist AV operation, and maintain them. Particularly,
government should consistently provide enough budget for
installaton and maintenance.

Some people hesitate adopting A\
because they do not know how t
interact with nonAVs.

The government should be aware that there would be a transition pe
when both norAVs and AVs would operate on road. Thus,
government may enduct a research to find the approximate length of t
period, and design new traffic rules or modify current traffic rules
facilitate a harmonious interaction between AVs and #vis.

People can do things not relevant {
driving in an AV.

The governmant may need to detail the allowed activities in an AV.

A better fuel efficiency woulc
facilitate AV adoption.

The government may financially support the research on improving
fuel efficiency of AVs. The government may also assess the pots
impacs of PAVs and SAVs on the environment, and take a
accordingly.

Household income directly
AYyFitdSyO0Sa 2y SQi
PAVs.

The government may comprehensively utilize taxing and finar
incentives to regulate the demand for PAVs as wellassSand the traffig
volume of PAVs as well as SAVs.

for commuting, whereas there are less young people. In the areas with low PAV adoption
potential, there are less highly educated people, lessmgbme households, and less people

heavily dependent o driving for commuting. Thus, planners and policy makers may approach

these people, and takeare of their concerns on PAVs in thcess ofAV adoption plan and

policy development. In the areas with high SAV adoption potential, there are more people not

relyingon driving for commutg, and highly educated and young people, whereas there are less

people whose occupations fall in one of the two categortesdes, transport and equipment
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operators and related occupations (NOC = 07); and occupations infaaring and utilities
(NOC = 09)In the areas with low SAV adoption potential, there are less people not dependent
on driving for commung, and highly educated and young people. Thus, planners and policy
makers may approach these people, and take cditbeir concerns on SAVs in theocess oAV
adoption plan and policy development.

The third lesson is on the land use planning for AV adapUsually in the areas withigh
PAV adoption potential, there are ledensity residential development, lotd green spacesnd
one or more golf coursesn addition, they usually have a highway going through or nearby.
Moreover, they usually have a low job density. Usually in the areas with low PAV adoption
potential, the typical land uses fall in one of twategories. The first category is a mixture of
industrial, business, and commercial uses, with no or a few households. The second category is
the residential use mixed with some @ireet businesses, or adjacent to a local or town center.
Usually in the aras with high SAV adoption potentigthere are mixed land uses, higlensity
development, transHoriented development, and one or more transit corridors. In addition, they
have higher job density and population density. Usually in the areas with low &pficn
potential, there are rural lands, and natural lands. In addition, they have one or more highways
going through or nearby. Moreover, tranditendly developmentand infrastructure areoften
invisible.

Plannersand policy makershould be awarethat a land use characteristits often
associated with contrastglevels of PAV adoption and SAV adoption. Thus, the places that would
have a high PAV volume would likely to have a low SAV volume, and vice Hensa, this
implication may need to be cor@red when forecasting future vehicle voluminisimplication
alsoSOK2Sa [/ KIFILIWSNI pQa FTAYRAyYy3IaA GKFEG G§KSNB | NB
adoption potential, and also very few census tracts low in both PAV and SAV adoption potential.
In addition, planners and policy makers may use the typical land use characteristics as a guide to
find the stakeholders more favoring or disliking either PAV adoption or SAV adolftite.
planners and policy makeo$ a municipalityconsider it a necefly to havecertain ranges of PAV
volume and SAV volume in an area, they may consider integrating certain land use policies into

their long term plans.
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The fourth lesson is othe pricing of SAVs. Changing the price of SAVs from a fair level
($0.37/km t0$0.85/km) to a high level ($0.86/km to $2.00/km) would usually not much change
the SAV adoption potential of a census tract. It reflects that the pricing of SAVs on SAV adoption
is quite minor.Nonethelessthe people whose NOC is 07 or 09, students, awtihcome
households for SAV adoption are passionate to adopt SAVs, but their passion would dramatically
drop if the price level of SAVs rises. To help them have a decent access to SAVs, planners may
need to coordinate with SAV operators in terms of thecipg. If necessary, policy makers may
YIS || LRfAdOe 2y &dzooaAiARAT Ay3 G4KS GKNBS 3INPdzLl

The fifth lesson is on the necessity of distinguishing PAVs from SAVs. Comparing the areas
high in PAV adoption potential with those high in SA¥pdidn potential, their residents have
different socioeconomic and travel characteristics, and their land uses are different. Therefore,
planners and policy makers should bear in mind that PAVs and SAVs are two independent
concepts. In addition, their planand policies should sufficiently distinguish the two concepts.

Thesixthlesson is on regional rail transit planning. This lesson is more specifically for the
planners at Metrolinx.In the parkandride and kissand-ride service areas of the GO train
stations serving the GTHA residents, there is a higher SAV adoption potential, and a lower PAV
adoption potential. This finding suggests that it may be feasible to use SAVs to increase the
accessibility of the GO train stations as well as the ridership af&® However, the PAV and
SAV adoption potential varies from line to line and from station to station. Bh&ji N2 AVA Y E Q &
adoption planmay classify its train stations into some categofi@sed on the PAV and SAV
adoption potential in their pardandride and kissandride service aregsand then prepare
planning itens specific for each categoriég supplement, Metrolinx may also consider drafting
some planning itemspecificfor each train station, such as the number of parking spaces for
PAVs and AVs respectively, and the redesign of the station areas. If necessary, Metrolinx may
utilize its right to price its parking spaces, and guide more people to use SAVs to access GO train

stations.

6.2 Limitations
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6.2.1 Choices of the Modeling Variables

The thesis createdhree indicesto model the adoption potential of PAVs and SAVs in a
CGU. Eacindex consists of 6 variables belonging to one of three types of factors: (1) the
socioeconomic characteristics of a population, (2) the travel charactergdtegpopulation, and
(3) the land use characteristics of where the population live. Chapter 2 remsgttat there are
YEye 20KSNJI AYLERNIOFyYyd FlFOG2NR Ay TFfdzsSyOAay3d LIS2L
GSKAOf S OKI NI OlG SNR ad hadits, >peer yiffedées, miglibAnpoynatiorh G & |
dissemination, and government incentives and policies (see details in Zdldad Table2.2),
but the equations do not reflect the impacts of these factors. This ltoitais not inevitable
becausethese fators either are difficult to be quantified, or do not have data from the 2016
Canadian census. Thus, the equations are arguably the best models utilizing the census data and

facilitating mapping.

6.2.2 Weights of the Modeling Variables

The weights in Eeation (3), Equation (5), and Equation (7) are not necessarily the same,
and they wereestablished throughreview of three selectedtudies. The number of selected
studies is low, but they are the usabs&udies that could be found so far. Thus, it is itable to
use the findings of only threstudies to help create the equations that are supposed to be
generally true in modeling the PAAhd SAV adoption potential in the urbaontext. As AV
research efforts continue, it would be possibtedffer more rdined weights.

It is also noticed that there is more than one way to decide the weights of modeling
variables, such as sensitivity analysis. However, due to time constraint, the thesis does not

manage to use more methods to generate more sets of weigtmnd,do a comparison.

6.3 Opportunities for future studies
6.3.1 Model Improvements
As mentioned before, as more relevant studies are published, AV researchers could re

evaluate the prominence of quantifiable variables, and consider whether the inditles thesis
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need to be modified or refined. In addition, AV researchers may do a sensitivity analysis to

generate a new set of weights, and compare their modeling results with the ones in the thesis.
As mentioned before, the weighis Equation (3), Equen (5), and Equation (7) are

based on the findings of threstudies. After some years, there would likely to maeademic

workslike the threestudies, with their study areas covering otherban areas. At that time, a

new literature review can be condted to check whether a variable should replace an existing

modeling variable, and whether the weights of the existing variables should béufeel.

6.3.2 Technology Adoption Theoretical Models for PAV Adoption and SAV Adoption

There has been theoretit models on the adoption of AVs. Howeuigre hasbeenno
completetheoretic modelson the adoption of PAVs and the adoption of SAieugh many
NBEaSI NOKSNBE KI @S S@Ffdad 6§SR GKS LINBYAYSYyOS 27
intention to adbption PAVs or SAVs, such as those reviewed in Chaptar theoristsmay do
more case studies innstudiedurbanareas, and see whether the findings from the thesisl
the reviewed literatures referenced in the thesilso exist thereln addition, theymay test the
prominence of other types of factors that may have been ignoféxse works would contribute
to the theorization.Nevertheless, after AVs becoragailable AV researchers should verify the

theories, and make necessary refinement.

6.3.3 Understanding Carpooling SAVs

Table 3.1 reflects that there is ery limited number of researches having studied
carpooling SAVs in particular. Although-@emand SAVs and carpooling SAVs are not exclusive
from each other, only focusing estemand SAVs may nbe sufficient in understanding SAVS.
Thus, AV researchers are encouraged to do more studies on carpooling SAVs, and clarify the

relationship between ordemand SAVs and carpooling SAVS.

6.3.4 Planning the Urban Parking Spaces

By running the models inhe thesis, all planners in Canada would know the current

demands for PAVs and SAVs across their cities or metropolitan areas. The demands provide
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implications on how much parking space is needed for PAVs, and how much for SAVs. Building
upon these implicabns, planners could study whether and how they shouldiesign and plan

their urban parking spaces.
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Appendix A: Estimated Driving Cost in Ontario (2016)

Vehicle category Annual mileage (km) Unit cost ($/km)
Compact 10,000 0.65
20,000 0.38
30,000 0.28
Crossover 10,000 0.79
20,000 0.45
30,000 0.36
Intermediate 10,000 1.05
20,000 0.60
30,000 0.45
Luxury 10,000 1.22
20,000 0.67
30,000 0.51
Pickup trucks 10,000 0.77
20,000 0.45
30,000 0.36
Sport 10,000 0.84
20,000 0.48
30,000 0.38
Subcompact 10,000 0.58
20,000 0.34
30,000 0.26
SuUv 10,000 0.88
20,000 0.51
30,000 0.39
Van 10,000 0.84
20,000 0.48
30,000 0.38
Average 10,000 0.85
20,000 0.48
30,000 0.37

SourceCanadian Automobile Association (2018); Baihkanada (2018). Tabulated by Jiajun Zhang.
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The table above shows the cost of driving a private vehicle in Ontario in 2016. All the costs
were generated following a few steps. Frist, the cost of driving a private vehicle in Ontario in 2018
was retrievedrom Canadian Automobile Association (2018), using its default setting. The setting
assumes that people travel 45% of their trips on city roads and 55% on highhalgo assumes
that the fuel cost is $1.026/L. In addition, the setting has various agsans for the purchasing
and maintenance costs for different vehicle categories. After the retrieval, all the costs were
converted into their values in 2016 using the inflation calculator of the Bank of Canada (2018).
It is noticed that the average annutaavel distance of light vehicles wa6,000 km in
Ontario in 2008 Natural Resources Canada, 2R08hen, it is meaningful to estimate the unit
cost ($/km) for an average private vehicle travelling 16,000 km a year. It is known from the table
that the wnit cost of driving a private vehicle does not decrease linearly, so it is reasonable to find
a parabolic equation to estimate the cost. Two models have been tried.

One model generates an exponential equation by assuming the unit cost decreases

exponentially in the rangef 10,000 km to 20,000 km. The equatiorwis

3 ,
where wis the annual kilometers traveled in a year by a privateiclehandwis the unit cost in
$/km. It givesF $0.00/km whenw= 16,000 km. As this result is lower than $0.48/km, this model
iS not accurate.

The other model generates a quadratic equation by modeling a quadratic parabola most

closely passing tugh three points (10000, 0.85), (20000, 0.48), and (30000, 0.37). The equation

iIsSW () w —, wherewis the annual kilometers traveled in a year by a private

vehicle, andwis the unit cost in $/knfFree Mathematic3 utorials, 2018)It givesw= $0.5968/km
whenw= 16,000 km. Comparing the result with the unit costs of a private vehicle travelling
10,000 km and 20,000 km, this result is a reasonable estimation. Therefore, it habhas

assumed that in 20165 THAprivate vehicledrivers spendb0.60/kmin driving on average.
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Appendix B: More Relationships between Land Use and AV Adoption

Nodjomian and Kockelman (2018) is one of the very few (if not the only one) article that
exclusively models how land uses afféd/ adoption. For the modeling, the authors used two
datasets. One dataset includes 1,423 samples containing household location data. The other
dataset contains 2,588 samples about their decision making on AVs in long distance (>50 mile,
i.e. > 80 km) treel.

Particularly, Nodjomian and Kockelman (2018) studied the impacts of 5 land use variables
on AV adoption. The 5 variables are density, diversity of land uses, urban design, destination
accessibility, and distance to transit. They found three of theenraportant for the AV adoption
in America.

The first variable idiversity of land usedNodjomian and Kockelman (2018) measured it

in three ways: (1) a common measure, which eqa']al]‘s,I , and which

suggests the importance of household density and job density; (2) trip equilibrium index, which

equalsﬂl_I , and which suggests the importance of travel frequency and trip

distance; and (3) regional diversity index, which is a function of population and employment. The
explicit expression of this fwtion is not introduced in their paper. All of the measures indicate
that a good diversity of land uses would significantly discourage AV adoption, and a poor diversity
of land uses would significantly encourage people to move farther from the central city

The second variable idestination accessibilityNodjomian and Kockelman (2018)
measured it in five ways: (1) number of jobs within ardiBiute drive, (2) number of jobs within
a 45minute transit ride, (3) distance to the nearest grocery store, (@pdice to work or school,
and (5) distance to downtown. These measures indicate the importance of some reviewed
variabledn this thesisjob density, trip purpose, trip distance, and distance from the central city.
Nodjomian and Kockelman (2018) use theseasures to indicate that a good access to hon
residential land uses would significantly discourage AV adoption. Moreover, a long distance to
destination would significantly influence people to move closer to the central city.

The third variable igesigh. Nodjomian and Kockelman (2018) measured it in two ways:

(1) density of transportation facilities, in facility miles/acre; and (2) intersection density. Only
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density of transportation facilities is significantly as well as positively associated witofst/am,
whereas intersection density has no significant relationship with AV adoption in America.

Although Nodjomian and Kockelman (2018) reveal lots of important relationships
between land use and AV adoption, their findings may not provide too muchnimgfl
information to this thesis. That is because most of their conclusions do not distinguish SAVs from
PAVs, wherea€hapter 3demonstrates that PAVs and SAVs often have different relationships
with the same variable. Thus, it is unknown whether thgngicances persist when PAVs and
SAVs are discussed separately. Secon@hapter 3 showshe findings true at a nainal scale

may not be true at an urbascale.
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Appendix C: Graphs of Statistical Distributions
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Trip distance (30 min dongen

Equation (2)
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Appendix D: The PAV and SAV Adoption Potential in the GTHA,

Produced by Equation (2) and Equation (4)

See the maps on the next 2 pages.
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Map D1 The PAV Adoption Potentiahithe GTHA, Produced by Equation (2)
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Map D2 The SAV Adoption Potential in the GTHA, Produced by Equation (4)
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Appendix E: Atlas of the Maps on the Modeling Variables

This appendix list9 maps about the spatial distribution of the population havingecsic
socioeconomic or travel characteristics, or the spatial distribution of a land use identity. All the
numbers in the legends are the normalized values generated during the modeling process.

Census tracts having &her proportion of population having a certain characteristic, or a higher

job or population density have a redder color.
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Map EL Age:Spatial Distribution ofPeople Aged 15 to 34 in 2016

* GO train station

——— Go train railway

Highway

- Water body

0.006 - 0.225

. 0.226-0.268
[ 0269 - 0.337
I 0338 -0471
B o472- 0660

:] Boundary of upper-tier municipality
[:l Boundary of lower-tier municipality
Age (15 to 34 years old)

:700,000 7 |

0 10 20 40 60 80

148

7

1

Kilometers
100




Map E2Education:Spatial Distribution of Peoplélaving at least 8achelof Begreein 2016
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Map E3 Household Income: Spatial Distributionf é4dlouseholds with a Totaincome ofat Least
$100,000 in 2015
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Map E4 Occupation: Spatial Distribution of People Whose NBO7 or 09in 2016
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Map E5 Transportation Mode: SpatibDistribution of People who Primarily Drove between

Home and Workplace in 2016
tJ
o

Z

N

A

GO train station
——— Go train railway 1
Highway
\:I Water body
Boundary of upper-tier municipality
Boundary of lower-tier municipality
Driving
0.066 - 0.355

0.356 - 0.531

I 0532-0677
B o678-0.793
B o794 - 0931
=)
:700,000 7 | 1

Kilometers
0 10 20 40 60 80 100

N 2 LI

152



Map E6 Transportation mode: Spatial Distribution of People who Primarily Did not Drive
between Home and Workplace in 2016
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Map E7 Trip Distance: Spatial Distribution of Pelgp Who Usually Spent 30 Minutes for
Commuing from Home to Workplace in 2016
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