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TRANSm Overview of Study

* Four components
* Survey
 Descriptive Statistics
* Inferential Models and Scenarios
* Focus Groups

* Parallel Studios

 Planning for Autonomous Vehicles: Imagining Alternative Futures (Fall
2016 for City of Toronto Transportation Services)

o Autonomous Vehicles in the Greater Toronto and Hamilton Area: A
Discussion on Policy and Professional Perspectives (Winter 2017 for
Metrolinx)
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TRANSZLIY)

Outline

» Policy Background

« Technology Background

« Existing Literature

* Research Approach

» Descriptive and Model Results

 Conclusions
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Transportation Policy and the Political
TRANSm Economy

e Farmers & Mud =
* Predict and Provide =
« Managing Demand -

 Broad Policy Expectations -

« P77
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Ontario Policy Context:
TRANSm Very Mode-Centric

* Bad Good
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Transportation Policy and the Political
TRANSm Economy

« Growth Plan (2006 / 2017)

 Provincial Policy Statement (2005 / 2014)
 Planning Act (1983... 20006)

« Greenbelt Plan (2005 / 2017)

« Oak Ridge Moraine Conservation Plan (2002)

 Climate Change Mitigation and Low-carbon Economy Act
(2016)

* Requirement to “conform” with provincial policy and plans
based on Planning Act.
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Transportation Policy and the Political
TRANSm Economy

* Transit
» “compact, transit-supportive communities...”
* “reducing dependence on the automobile...”
» “providing convenient access to intra- and inter-city transit.”

« “.... balance of jobs and housing in communities... to increase the modal share
for transit, walking and cycling.”

« “prioritizing transit and goods movement over those of single occupant
automobiles.”

« “... municipalities... travel demand management.... Increase the modal share of
alternatives to the automobile.”

« “... increasing the modal share of transit...”

 “... higher order transit and inter-regional transit links between urban growth
centres...”
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TRANSZeJIYD Planning Process

 Transportation Infrastructure Process
« MTO’s GGH Multimodal Plan
* Metrolinx’s RTP

« Environmental Review Process
* Environmental Assessments
 Transit Project Assessment Process (T-PAP)
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Ontario Policy Context:
TRANSm Very Mode-Centric
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Ontario Policy Context:
TRANSm Very Mode-Centric

* Bad Good
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Technology
Background
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TRANSZIYD What are automated vehicles?

* Private Autonomous Vehicle (PAV)
. Shared Autonomous Vehlcle (SAV)

| I I“nml‘ 1 : ; i
§ ﬁ“"‘:;lllq“
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Why might autonomous vehicles matter
TRANSm for planning?

» Technology & behavior
* |Incentives and choices
e Habits

 Planning and outcomes
« AVs may change travel behavior
« AVs may change other things planners (or the public) care about

 Planning and politics
« AVs may redistribute benefits and costs (across functional areas &
people)
* AVs may be powerful as discourse
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Behavioral elements of AVs, planning,
TRANSm and policy

Observed ] Individual Household Land use Current travel Technology
characteristics characteristics characteristics characteristics behavior knowledge &
information
| )
Y
\ Short-term choices
First-order ] E.g. AV use,
prospective mode choice, trip
travel distances
impacts )
Second-order Longer-term choices
prospective ] Medium-term choices E.g. Household
behavioral E.g. AV ownership, location choice, land
impacts from automobile ownership use changes
travel and AV use | v
Common policy e.g. congestion alleviation, emissions & environment better job and economic
objectives with d improvement, opportunities,
prospective complete communities &
impacts from better quality of life, growth management, improved safety
behavioral changes
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Existing
Literature
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TRANSZ;IY) Differences in consumer interest

* Information « Study types
« Technology familiarity » SP survey descriptive statistics
e Travel « SP survey data and inferential

models
« Conjoint analysis
* Forecasts and simulations

« Auto ownership
« Existing travel behavior

* Land Uses
e Urban

 Individual characteristics
* Age
« Gender
» Physical disabilities
« Green values
* Education

* Household characteristics
 [ncome
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Research
Approach
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TRANSZEIYD Key Question

Who is expected to adopt and use autonomous vehicles?

1. Purchasing a private AV
2. Using shared autonomous vehicles, not to access/egress public transit

3. Using shared autonomous vehicles, to access/egress public transit
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TRANSm GTHA AV Consumer Survey (Nov. 2016)

* Internet Survey: 15-25 minutes (20-min. mean); N=3,201

« Sample Approach
« Stratified by region, sex, age

Region No. of % of
Respondents Respondents

e Qverview Durham Region

* Household & Individual Demographics  Hatton Region o e
« Employment and Commuting o = 9-4%
 Residence & Household 300 9.4%
+ Vehicles Ownership and Daily Travel ~ 7¢¢ ko 05 15.6%
» General Attitudes Toronto 1200 N
* Driverless Car Attitudes Y ereaion
- Driverless Cars and Public Policy B >0t 15-7%
3201 100.0%
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Region{ofaYork

Regionlof,Reel

Regionfof,Durham

o Region of,Halton I Cityjofjioronto

‘(" Pearson International Airport

—— Major Highways

City/of,Hamilton )
—— Major Roadw ays

Lake Ontario

[ | other census Divisions
Census Division (City or Region)

10 20 40
Kilometers




TRANSZe;IYD Informed participants

Some automated cars can make dnving easier or safer but would still require a human dnver.

These vehicles include dnver assistance technologies. such as:
automatic parallel parking
vehicle communications to identify upcoming road conditions
adaptive cruise conirol, and
automatic braking.

Other automated vehicles are dnveress cars which can navigate the strests with no need for 3 human dnver

These vehicles currently look like conventional cars.
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TRANSZOIYD Identified some possible costs/benefits

Some dnveress buses have also been designed and developed.

I 43%
Automated vehicles may improve the safety of fravel.
Car collisions resufted in almost 2,000 fatalities and more than 10,000 serious injuries in Ganada in 2013 (Transport
Canada, 2013)

016. At that time

30
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Highlighted differences in ownershi
TRANSZTLIY) mgde% P

Driverless and automated cars could play several possible roles in passenger travel in the future.

Possibility A. Private ownership

Privately-owned driveriess and automated cars may primarily be purchased by individuals and used as they wish.
Possibility B. Shared use
Shared driverless cars may primarily be used as fleets of roaming taxis which can be hailed or scheduled

electronically. "Shared," means anybody can use them for a fare, not that you must share a ride with someone else.

Possibility C. Private and shared use

Both privately-owned and shared driverless cars could become common.

Possibility D. No future for driverless cars

Both privately-owned and shared driveriess cars could play a very small or non-existent roles in the future of

transportation.
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TRANsm Key dependent variables

If you are purchasing a new vehicle, how much more would you be willing to pay for it
to be available as a fully driverless car as opposed to a conventional car ?

| would not buy a driverless car

Less than $1,000

$1,000-$4,999

$5,000 to $9,999

$10,000 to $14,999

More than $15,000

| 0%

If Uber-style shared driverless cars can pick you up and drive you anywhere in the Greater Toronto Area for a price of
$0.50/km, how often would you use this service for commuting or other trip purposes (not including

accessing public transit)?
Flesze selact one.
Mever
Less than ocnce per month
Between one and 3 times a month
At least once 8 week

Caily
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TRANSm Model Framework

* Ordered Probit Model

 Estimated
 Stated interest to use/purchase at different price thresholds

« Accounted for
« Socioeconomic Characteristics (age, income, gender, household size)
» Technology (smartphone ownership)
* Disability
« Collision history
» Recent travel (Uber ownership/use, regular commuting, auto travel)
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Descriptive Results
Model Results

Results
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TRANSZIYD PAV stated premium

Private AV Share
30.00%
25.00%
20.00%
15.00%
10.00%
0.00%
Nothing < $1000 $1000-$4999 $5,000 - $9,999 $10-$15k > $15,000
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SAV trips at different prices ($ per
TRANSm kilometer) not to/from public transit

SAV trips, except to/from transit
80.00%

70.00%
60.00%
50.00%

40.00%

30.00%
20.00%
10.00%
0.00% L — —

$0.50 $1.00 $1.50

mNever m<1 permonth 1-3 per month At least once a week mDaily
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SAV trips to/from transit at different
TRANSm prices ($ per kilometer)

SAV trips to/from transit
80.00%

70.00%
60.00%

50.00%

40.00%
30.00%
20.00%
10.00%
0.00% - — —

$0.50 $1.00 $1.50

mNever m<1 permonth 1-3 per month At least once a week mDaily
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“For what type of trips do you imagine using

TRANS

Uber-style shared driverless cars

(independent of accessing public transit)?”

Work Trips. Frequency of stated Shared AV use at $0.50/km

Primary Commuting Mode Newver Less than g 1-3 times d At least on{ Daily
Non-commuter 2.90% 9.50%| 13.80%| 26.50%| 22.60%
Auto driver (alone) 8.50%| 17.10%| 32.60%| 54.40%| 86:30%]|
Auto driver (with others) 18.00% 36.30%| 40.40%

Auto passenger 0.00%]| 40.80%

Taxi/Uber 0.00% 56.40%

Motorcycle 0.00%

Walk 0.00%| 28.60%]| 35.10%| 64.80%

Bicycle 0.00%

GO Transit 22.60%| 36.70%| 45.30%

Public Transit (excluding GO Transit) 2050%| 35.40%| 58.00%| 86:60%]
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“For what type of trips do you imagine using
TRANSZO;IYD Uber-style shared driverless cars
(independent of accessing public transit)?”

Entertainment/Recreation. Frequency of stated Shared AV use at $0.50/km

Primary Commuting Mode Newver Less than g 1-3 times d At least on{ Daily
Non-commuter 12.50%| 52.20%

Auto driver (alone) 28.00%

Auto driver (with others) 46.00%| 55.10%

Auto passenger 50.50%]| 55.80% 0.00%
Taxi/Uber 59.00%

Motorcycle 0.00% 0.00%

walk 7240 _e200%]_s050%]
Bicycle 0.00%

GO Transit 23.60%]| 45.90%

Public Transit (excluding GO Tr] 12.30%| 63.90%
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“For what type of trips do you imagine using

TRANS

Uber-style shared driverless cars

(independent of accessing public transit)?”

Shopping/Errands. Frequency of stated Shared AV use at $0.50/km

Primary Commuting Mode Newver Less than g 1-3 times 4 At least on{ Daily
Non-commuter 8.50%]| 34.00% 61.80%H 59.20%
Auto driver (alone) 9.50%]| 24.20%| 44.10%| 47.10%| 46.00%
Auto driver (with others) 18.60%| 36.60%]| 58.80%| 44.80%

Auto passenger 39.40%| 64.30%| 56.60% 0.00%
Taxi/Uber 0.00% 67.70%

Motorcycle 0.00% 0.00%

Walk 37.90%| 56.50%| 69.50%

Bicycle 0.00% 0.00%

GO Transit 32.00%| 38.20%| 51.40%

Public Transit (excluding GO Tr| _ 8.40%] 32.40%| 50.40%|  71.10%| 1 82:70%)
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Major findings on PAV Iinterest from
TRANSm model results

e Ordered Probit, N =2,888;: R.D. =9401.8 and 9325.3

« Urbanists (but effects are halved when accounting for travel)
« Technology: having a smart phone & knowing about Google Car

 Travel:
* those responsible for chauffeuring, Uber users,

« drove >0 km by car yesterday, very weak for telecommuting & GO commuters
(0.12-level)

« Demographics: the young
» Education: those with a professional (but not a graduate) degree
« Work: those that work at home or >60 hours per week

« Automobile ownership: <3 cars, no hybrid, primary car >$30,000

« Statistically insignificant:
« Sex & disability
» Occupations
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Major findings on SAV interest (not
TRANSm to/from transit) from model results

Ordered Probit; N=3,201; R.D. ranges from 5,660 to 8,804 (more explanation at
higher prices)

Information
» Technology: having a smart phone & knowing about Google Car

Travel
 those responsible for chauffeuring, Uber users,
+ telecommuters and commuters by GO, walking, bicycling, and general public transit
» Automobile ownership: <3 cars, no hybrid (at $0.50/km)

Land Uses
» Urbanists (but effects are halved when accounting for travel), apartment dwellers (weak)

Demographics

+ the young, large households (at $0.50/km)

» working > 60 hours/week (at higher price thresholds)
Not having a disability
Education: professional degrees and graduate degrees

Work: those that work at home or part time; those in construction & trades; those in
professional/management,

« Income <$175,000
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Major findings on SAV Iinterest (to/from
TRANSm transit) from model results

Ordered Probit; N=3,201; R.D. ranges from 5,112 to 8.467 (more explanation at
higher prices)

Information
» Technology: having a smart phone & knowing about Google Car

Travel
 those responsible for chauffeuring, Uber users,
+ telecommuters and commuters by GO, walking, bicycling, and general public transit
» Automobile ownership: <3 cars, no hybrid (at $0.50/km)

Land Uses
» Urbanists (but effects are halved when accounting for travel), apartment dwellers (weak)

Demographics
 the young, males, large households (at $0.50/km)
» working > 60 hours/week (at higher price thresholds)
Not having a disability
Education: professional degrees and graduate degrees only at $0.50/km

Work: those that work at home or part time; those in construction & trades; those in
professional/management,

« Income <$175,000

UNIVERSITY
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Table 1. Model Results: Willingness to Pay More for New Vehicle to be Fully Autonomous (Ordered Probit)

Model 1 Model 2
Variable Estimate Estimate
9 Age<35 (binary) 0.154 *** 0.092 *
B Age>55 (binary -0.202 *** -0.185*
T R A N s % Prof. Grad. Degree (binary) 0.446 *** 0.413 **
;:5 Other Grad. Degree (binary 0.037 0.039
© Male (binary) 0.048 0.016
§ Non-binary sex (binary) -0.231 -0.232
g Physical Disability (binary, agree or strongly agree) 0.012 0.055
= Crash history - one or more collisions as driver/passenger (binary) -0.105 ** -0.104 **
Household Income (<$15k) -0.521 *** -0.438 **
9 Household Income ($15-$40k) -0.068 -0.05
2 Household Income ($40-$60k) -0.085 -0.061
£ Household Income ($100-$125k) -0.051 -0.102
E Household Income ($125-$175k) 0 -0.029
o Household Income (>$175k) 0.053 0.003
o Household Income (Prefer Not Answer) -0.148 ** -0.143 *
§ Household Income (Unknown) -0.615 *** -0.552 **
T Household Size -0.016 -0.014
One or More Household Members Under 16 (binary) 0.04 -0.029
Housing: Apartment -0.049 -0.016
S5 Housing: Townhouse 0.042 0.047
§ g Housing: Unknown or Other -0.228 -0.194
Regional Job Density (within 10 km, natural-logged) 0.09 *** 0.055 *
Job Status: Retired -0.17 ** -0.139
Job Status: Work at home, full/part time) 0.174* 0.202 *
‘g § Job Status: Unemployed, not in labor force, other -0.035 0.034
;g Occupation: Manufacturing/Construction/Trades -0.122 -0.087
%_ g Occupation: Professional/Management/Technical 0.025 0.019
UEJ g Occupation: Sales & service -0.123 -0.12
Occupation: Prefer not to answer -0.287 ** -0.279 >
Work >60 hours/week (binary) 0.249 ** 0.212*
829, Smartphone owner (binar_y) 0.229 *** 0.175**
e = Google car knowledge (binary) 0.224 *** 0.205 **
Vehicle Ownership: 3 or more in household (binary) -0.212
= Vehicle Ownership: primary vehicle is a hybrid (binary) -0.345*
5 Vehicle Ownership: Primary vehicle costs $30k or more (binary) 0.144 **
% Chauffeurs one or more time per week (binary) 0.129 **
g Uber Use: yes, but not in the last 30 days 0.213 **
S Uber Use: 1-3 times/month 0.376 **
g Uber Use: 1 time / week 0.33 **
= Uber Use: 2 times / week or more 0.215
Auto travel: traveled by car yesterday (binary) 0.113*
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Table 4. Model Results: Estimating Shared Autonomous Vehicle Trip Taking for All Trips Except to/from

Transit Stations (Ordered Prohif)
DV = Stated Frequency of Shared Autonomous Vehicle Trips at different pricesZm (N = 3.201)
Price per kilometer $0.50 | S0.50 [$1.00 [$1.00 [SL50 | S$Ls0 Occunation: Prefer ot to amsu U I P P e
Model 3 | Model4 | Model 5 | Model 6 | Model 7 | Model 8 CEDATIONE S TEET ROL 0 AR ' = ' e
Variable Estimate | Estimate | Estimate | Estimate | Estimate | Estimate Work =60 hoursfweek (binary) 0.091 0.036 02+ [ 0213% | =+ 0.284 *=
0223 0313 0374 0.169 %" 0442 0.399 0292 0221 0.208
- Age-:ﬂﬁ {binary) ] 0.042 a% 011 *= ] % £ | Smartphone owner (binary) a#E E saE P sak 0.135+#
-5 - a7 S 0.122 0.108
5 [Aze=SS (binary . 0043 10026 -0.119% | 0054 |-0037 10037 2 | Goosle car knowledze (hinary) 15 #es | =ee . 0064 | 0113% | 0056
£ | Prof. Grad. Degree (binary) 0.145 0.141 023 0.207 0.327 %= | 0.297* Vehicle Ownership: 3 or more in Y EE) 0538 0621
= 0156 0164 0.182 0.209 household (binary) ser zax sk
é Other Grad. Degree (binarv 0.13 *= e #Ex (.19 *== | =5% #Ex Vehicle Ownership: primary vehicle
i ; 1 2 is a hybrid (binary) -0.242 % 0119 0.008
= h-_Ia]e f!:ll.‘lll.l’}} — O.GTS _ 0.024 0.008 _ -0.036 O.Iillf -{I.If{ Vehicle Ownership: Primary vehicle
:E hll[l—;tllllal"t’ SEX ﬂ]l]lﬂ.l‘\} 0479 0.319 (.549 (.400 0.415 0.279 costs $30k or more (billﬂﬁ'] 006 0.039 0029
’ Physical Disability (binary, agree or -0.136 -0.249 -0.124 Chauffenrs one or more time per
'E strongly agree) 0061 | 0.002 i 0025 | =+ i week (binary) 0.007 ** 0.123 *= 0.103 ==
" | Crash history - one or more collisions Uher Use: ves, but not in the last 30 0.633 0.367 0.403
as driver/passenger (binary) 0.052 0.062 0.003 0,023 -0.041 -0.012 .EJ days = = =
e - = 5 a2 0.708 0.678 0.604
Household Income (=$15k) ﬁié% ﬁgt}:‘} 0.119 0.199 0.071 0.163 g Uber Use: L3 times/month bty b b
| Household Income (S15-$40K) st | |1 |ome | -0060 | -007 S | Uber Use: 1 fime / weck o g =
-5 | Household Income (840-$60k) 0013 -0.019 -0.036 -0.029 -0.001 .01 E 0918 1232 1257
g Household Income (5100-5125k) 0,004 -0.073 0.003 -0.088 0.054 -0.033 £ | Uber Use: 2 times / week or more i i i
= pp p — o = | Auto travel: traveled by car
2 | Household Income ($125-8175k) 0.012 0.009 -0.027 -0.051 -0.024 -0.048 & | Vesterday (binarv) 0,008 0075 0.033
B y 02 .
] Household Income (>$1-1'5]E) 0035 -0.097 -0.114 .19 #= 20104 0185 * Te]mrking: once per month or 0.247 0287
< | Household Income (Prefer Not -0.207 -0.184 -0.258 -0.224 KV -0.233 more (hinary) 0.106 *=* i sk
= | Answer) = wEE wEE wEE = wEE Primary commute mode: GO 0.279 0384 0.402
= 0373 033 0297 Regional Transit (binary) i i i
2 | Honsehold Income (Unknown) wEE B = -0.238% | 0243 [-0.201 Primary commute mode: walking or 0446
m 0.0d8 0038 cycling (binary) 0258 == 0215 == i
: Pri 3 t de: oth 0.199 0232
Household Size EEE Bk 0.014 0.027 0.009 0.027 pl‘;‘;:'i:r;_:n“g:““i:;’“_’) €: other e v 020+
One or More Houzsehold Members -0.108 0.151 | ublic transit (bina 10 0358 0564 E6T 0.067
Under 16 (binary) 0048 = 0.059 -0.033 = 0.058 112 threshold 031 %= | =er sex sex sex bty
E» | Housing: Apartment 0.084 0.101* | -0.063 -0.026 -0.077 -0.043 1306 1289 1362 1367 1938
E Housing: Townhouse 0.008 -0.003 -0.062 -0.078 001 -0.043 2{3 threshold 115wes | wae _ e _ = i =
= | Housing: Unkmown or Other 0036 | 0031 | 0066 | 0032 |02020 |0225 34 threshald Sl B E R ol ol N
-E Rtgi.ﬂllﬂ.l Job DEﬂSit!’ (ﬂ'.il‘.lli.ll l{'klll. 0.148 0.173 0.154 0.096 TR0 3054 R 3213 3334
= natl.l.ral—]ugged) FEF 0058 * e 0075 ** FEF e 4|5 threshold mak =RE mak sE% g5 *w= sE5%
£ | Job Status: Retired e o o . 4 e Observations 3201 [ 3201|3201 |3201  |3201 3201
b= ob Status: . 1 . . " 5 5 - —
B -Job Status Work af ome, Tallpart [ 0.306 5% s i Residual Deviance 88042 | 85408 |73860 |70681 |39605 |3s606
E me} B2 038 FEE BER mag 0262 = BER
'E Job Status: Unemploved, not in Labor 0.269
o | force, other 0.14 * e -0.023 0,169 * [ 0079 0143 %
g | Dccupation: 0.263
ﬁ Manufacturing/Construction/Trades | 0.127 0.216** | 0.143 ek 0.049 017
%: Occupation: 0162 017
g Professional Management/Technical | 0.013 0.023 -116® | 0122 [ == BEE
M Occupation: Sales & zervice -0.034 -0.002 0081 0042 -0.088 20,059
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Table 5. Model Results: Estimating Shared Antonomous Vehicle Trip Taking for Trips toffrom Transit

Stations (Ordered Prohit)
DV = Stated Frequency of Shared AV Trips at different prices/km
Price per kilometer $0.50 $0.50 $1.00 $1.00 $1.50 $1.50 — - - - -
Model 9 | Model Model Model AModel Model Dccupat!nn. Sales & service 0.032 0.071 0.006 0.038 0.10?_ 0.145_
2 4 Occupation: Prefer not to answer 0.045 0103 0.008 0.066 0.173 L1353
10 11 12 13 14 5 T
Variable Estimate | Fstimate | Estimate | Fstimate | Estimate | Estimate Work >60 hoursfweek (binary) 0171 0122 0216 | 0175 o -
0218 0367 0.192 0.449 0233 ¥ R 0260 0208
s Age=35 (binary) B (.063 e B wa% B g +. | Smartphone owner (binary) ;*1*2 | oggwes ;*1*28 0163 == | === 0.107
. - . = 177 )
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TRANSZ;1) Discussion

 Implications of survey descriptive results:
« £ 1 SAV trip / month @ $0.50/km.
« + 8% PAVs @ $15k premium

 Who will be users?

 Young, urbanists, technology-savvy, Uber-users, those with
chauffeuring responsibilities, complex work patterns (flexibility or
intense work), professional degrees,

« PAVs — own few cars, not hybrids, have expensive cars (>$30,000),
« SAVs — multi-modalists, telecommuters,
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TRANSZ;IYD Public Policy Implications

 Planning for AVs will, by definition, shape the outlook of this
technology

 Public policy considerations:
» Disseminating information — could lead to higher adoption
Pricing — impacts likelihood of use.
Urban Design —long-term strategy.
Demographics - outside of policy domain.

GTHA: mode priorities will need to be revisited
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Autonomous Vehicles and a Transit-First
TRANSm Policy Context

* Thought Scenario 1. “All AVs are cars”
 Policy does not favor AVs
» Policy may have least disfavor for PAVs

* Thought Scenario 2. “Private AVs are cars, but SAVs are not”
 Policy does not favor AVs
» Policy may have least disfavor for SAVs

» Thought Scenario 3. “Private AVs and SAVs are both transit”
* Policy favors AVs, and especially PAVs
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FORM

Figure 2. Expectations of government associated with
prototype conditions of and responses to planning

problems

+ innovation
+ responsiveness
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Christensen (1985)
Thompson-Tuden Matrix
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« (charismatic
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+ problem-finder

Figure 3. Planning roles categorized by planning
conditions
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TRANSZIYD Planning Process and Uncertainty

* Robust vs. Contingent Planning
 Precautionary Principle
« Scenario Planning

* Process Improvement Planning
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Thank you to the City of Toronto and Metrolinx for support in this
project.

Questions?

Matthias Sweet
Assistant Professor
matthiassweet@ryerson.ca

Ryerson University
School of Urban and Regional Planning
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