Travel, Environmental, and Equity
Impacts of Income-Conditioned
E-Bike Rebates in British Columbia

(52

42 & B8

Final Report

September 2025

MOBILIZING UBC
JUSTICE ==

research on active transportation
5 CHATR
Towards Evidence-Based J ssssss . HEALTH & ACTIVE TRANSPORTATION
Transportation Equity Policy @ & | | @ > S 2 _” . = RESEARCHLAB IIIIIIIIIIIIIIIIISIIIIIIINIYD




Research Team

Polina Polikakhina, Graduate Research Assistant
Department of Civil Engineering, University of British Columbia

Amir Hassanpour, Graduate Research Assistant
Department of Civil Engineering, University of British Columbia

Kyla Yu, Undergraduate Research Assistant
Department of Civil Engineering, University of British Columbia

Meghan Winters, Co-Investigator
Faculty of Health Sciences, Simon Fraser University

Alexander Bigazzi, Principal Investigator
Department of Civil Engineering, University of British Columbia

Funding & Disclaimer

This research was funded by the Social Sciences and Humanities Research Council of Canada
(SSHRC) through the Mobilizing Justice Partnership Grant (Principal Investigator: Steven Farber,
University of Toronto), and was undertaken in partnership with British Columbia Ministry of
Transportation and Transit and the District of Saanich, British Columbia. The views expressed in
this report are those of the authors and do not represent the views of the project funders or
partners.

Acknowledgements

The authors would like to thank the following people for their valuable collaboration, direction,
and advice on this project: Johanna Bleecker, Kate Berniaz, Adam Krupper, Diane Roberts, Glenys
Verhulst, and Rebecca Newlove. We would also like to acknowledge the time and valuable input
from the Mobilizing Justice Community & Equity Advisory Table and all the survey participants.

Icons from Noun Project (Luis Prado, CC BY 3.0) and Flaticon.com
Contact Information

Alexander Bigazzi

2002 — 6250 Applied Science Lane
Vancouver, BCV6T 174
604-822-4426
alex.bigazzi@ubc.ca

https://reactlab.civil.ubc.ca/

© 2025


https://reactlab.civil.ubc.ca/

Executive Summary

E1. Study Scope and Objectives

Electric-assist bicycles (e-bikes) are an increasingly popular mode of transportation with the
potential to advance transportation system goals related to affordability, sustainability, and
health. The potential benefits have led to the implementation of e-bike promotion programs by
some local, regional and national governments. However, there has been limited empirical
investigation of the impacts of e-bike promotion programs on e-bike adoption and use. In
addition, many of the expected benefits of e-bike promotion rely on displacement of automobile
use, and travel mode substitution from e-bike adoption varies widely. These uncertainties limit
the strategic use of e-bike promotion programs to achieve transportation and climate mitigation
goals.

In this study we investigate the travel, environmental, and equity impacts of the “BC Electric Bike
Rebate Program,” which was launched by the British Columbia Ministry of Transportation and
Infrastructure in June 2023. The program provided e-bike purchase rebates in three income-
conditioned tiers, aiming to support active transportation, make transportation more affordable
for lower-income households, and contribute to the Province’s greenhouse gas (GHG) reduction
goals. Our study objectives were to examine how the rebates changed e-bike purchase decisions,
how the incentivized e-bikes were subsequently used, the associated reductions in automobile
use and GHG emissions, and how the program benefits varied across dimensions of equity related
to the person, household, and geographic context. We surveyed rebate recipients in three waves
to collect data on e-bike purchase decisions, use of the purchased e-bikes, and short-term (+3
months) and long-term (+12 months) travel behaviour changes after e-bike purchase.

E2. Study Sample

A 35% response rate from recruited BC e-bike rebate recipients yielded a sample of 1,004 cleaned
survey responses at Wave 1, with 60% and 45% of the sample retained at Waves 2 and 3
respectively

(Figure E.l). o —
Wave 1
sample compares

well to the study

population of BC Wave 2 484

e-bike rebate — 5350
(86%) of whom E $1,400
received the 0 200 400 600 800 1000

largest $1,400 Figure E.1. Number of cleaned responses by rebate value and survey wave
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rebates. Survey weights were developed to account for non-representation in recruitment and
retention across study waves with respect to gender, age, race, household income, children in
household, cycling before purchase, metropolitan region, and rebate value.

E3. Rebate-Driven E-Bike Purchases

Rebate recipients purchased e-bikes with an average price of $3,200, paying an average of $1,900
after the rebate. E-bike price was inversely related to rebate value, showing that the rebates
were primarily used to decrease cost rather than to acquire more expensive e-bikes. This inverse
relationship also enhanced the effectiveness of higher-value rebates, because they covered a
larger share of the e-bike price. Although rebate value generally decreased with higher household
income, most recipients in high-income households (even over $150,000 per year) were still able
to qualify for the largest $1,400 rebates due to low personal income.

The  program  was

effective in generating $350 rebate
new (marginal) e-bike
purchases, as the $1,000 rebate
average self-reported
likelihood  of  not 47 400 rebate
purchasing an e-bike

without the rebate B Same purchase B Conventional bicycle
increased from 21% to Different e-bike No bike
62% with rebate value

(Figure E.2). Figure E.2. Likelihood of alternative purchase decisions without rebate
Regression analysis showed that at a given rebate value, rebates were more likely to generate
marginal purchases when the e-bike price was lower, and when the rebate recipient was younger,
from a lower-income household, living in a milder winter climate, with higher educational
attainment, and commuting regularly, but not previously cycling or e-biking. These relationships
are positive for mode shift potential because rebates disproportionately induce marginal
purchases by people who regularly commute but are not already cycling or e-biking.

E4. Use of Incentivized E-bikes

The reported combinations of trip purpose and alternative (replaced) travel mode for e-bike trips
areillustrated in Figure E.3, showing that the most common types were utilitarian trips (shopping,
errands, or commuting) that would have been made by automobile and exercise or leisure trips
that would not have been made at all. The share of exercise/leisure trips decreased over time,
while the shares of social/recreational/dining and escort/chauffeur trips increased. Recipients of
the larger, income-conditioned rebates reported higher shares of utilitarian trips and lower
shares of exercise/leisure trips. Utilitarian trips were also more common in the larger

Impacts of BC E-Bike Rebates — Final Report, September 2025 iv



metropolitan areas of Vancouver and Victoria. Participants who cycled pre-purchase reported

higher likelihoods of e-bike trips replacing conventional bicycle use, and lower likelihoods of
replacing automobile use.

Trip purpose

S —

Walking Cycling E-biking Auto
12% 17% 7% 38%

Modes replaced by purchased e-bike

Taking transit New trip
9% 16%

Trip purpose

[0 Exercise or leisure - 31% Social or recreational - 18% [0 Other - 4%
I Shopping or errands - 22% [ Escort or chauffeur - 3% p— Work-related
E Commuting - 21% (other than commuting) - 2%

Figure E.3. Trip purpose and modes replaced by trips on the purchased e-bike’

The average changes in person-kilometers traveled (PKT) associated with each reported e-bike
trip are illustrated in Figure E.4, which combines alternative trip mode and length. On average,
each return trip using the purchased e-bike represented 15.2 km of new e-biking, with 3.6 km
being net new travel and the rest displacing travel by other modes: 5.9 km of travel by

automobile, 2.7 km by conventional bike, 1.6 km by public transit, and the other 1.4 km by
walking or other modes.

1 Only cells >2% are labelled; “other” alternative mode (<1%) not shown
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Person-kilometers traveled (PKT)

-1.6
-1.4
E-biking that would Displaced Displaced
have happened conventional walking & other
anyway cycling
Observed e-biking Displaced Displaced Induced (new)
automobile use transit use travel

Figure E.4. lllustration of average PKT changes attributable to the reported e-bike (return) trips

ES5. Post-Purchase Changes in Weekly Travel by Mode

Figure E.5 shows the modal distribution of weekly PKT by rebate recipients in each study wave,?
revealing remarkably similar average mode shares of weekly PKT after 3 and 12 months of e-bike
ownership. Most participants (87%) still had access to a private motor vehicle after the e-bike
purchase, with an average of 0.75 motor vehicles per adult in the household. Regression analysis
revealed that post-purchase automobile use fell by 20% while e-bike use increased by a factor of
16, without a significant difference between short-term and long-term changes. Changes in both
automobile

and e-bike PKT

per week were  Wave 1
greater for
participants Wave 2
who

commuted Vvs.  \wave 3
those who did

56% 10%

44% 8%
44% 7%

15% 4%

4%

not commute [ Walking E-Biking Bl Taking transit
and for those B Cycling BN Auto Other
who

Figure E.5. Distribution of weekly PKT across travel modes by survey wave

2 Only for those who took all three survey waves and owned an incentivized e-bike at Waves 2 & 3
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conventional cycled before the e-bike purchase. Reductions in automobile use were also greater
for those with higher household income and those living in suburban areas that are relatively
dense but with poorer access to destinations by walking, cycling, or public transit. Increases in e-
bike use were also greater for those with lower household income and those living in hillier areas.

The weekly travel data and trip-level e-bike mode substitution data align in indicating that most
travel on the purchased e-bikes is new e-biking, and most of that new e-biking is displacing travel
by other modes: roughly half replacing automobile use and a quarter replacing conventional
cycling. Applying modal greenhouse gas (GHG) emission rates, we estimate that over 95% of GHG
from personal travel by the participants is generated by automobile use. Overall weekly GHG fell
by 22% between Wave 1 and Wave 2, and then partially rebounded to a net 17% reduction in
Wave 3 (from 35.2 to 29.2 kg CO2eq/wk).

E6.Total Program Costs and Impacts on Auto Use and Greenhouse Gas Emissions

Figure E.6 illustrates the aggregate cost of e-bikes purchased using rebates from the BC Program,
for which $6.5 million in rebates generated $8.7 million in new retailer revenue. In addition to
the $4.0 million in rebates that induced marginal purchases, the remaining rebates reduced $2.5
million of costs for non-marginal purchasers, almost all (98%) for people who met the program’s
low-income criteria (including 88% for the lowest-income recipients). Each $1000 in rebates
generated $720 in new spending on e-bikes by marginal purchasers and $390 in reduced costs
for non-marginal purchasers. The BC Program provided approximately $2,200 in rebates for each
marginal e-bike purchased.

$16
$8.7m
$14 new retailer
§12 revenue
" $10 $6.5m
5 rebate costs
2 $8
=
$6
$4
$2 $4.1
$0
Spending that would Rebates for Rebates for Induced Total incentivised
have happened non-marginal marginal spending e-bike cost
without rebate purchases purchases

Figure E.6. Illlustration of aggregate e-bike costs and spending for the BC Rebate Program
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One year after their e-bike purchase, BC rebate recipients had increased their e-bike use by 40
km/wk and decreased their automobile use by 17 km/wk on average, which reduced their weekly
GHG from travel by 5.4 kg COzeq. Restricting the impacts to marginal (rebate-induced) e-bike
purchases, the average rebate generated 20 km/wk of new e-bike use, and reductions of 12
km/wk in automobile use and 3.9 kg CO,eq/wk in GHG from travel. Extrapolating these 1-year
changes out to an assumed 5-year e-bike use life, the rebate program induced new e-bike
purchases that will be used for 25 million km of travel and result in 15 million fewer person-km
travelled by automobile and 5,000 tonnes less CO,eq emissions. We also estimate a reduction of
approximately $1.3 million annually in travel-related externalities for all rebate recipients. The
implied GHG abatement costs are $1,300 or $900 per tonne CO.eq using marginal or non-
marginal accounting methods (lower for the $350 rebate tier than for the $1,000 or $1,400
rebates). The BC e-bike rebates were cost-competitive for GHG reduction with electric vehicle
incentives, but not with general carbon markets.?

Table E.1. Summary of factors affecting three key determinants of e-bike rebate program outcomes

. More marginal Potential for  Potential for displaced
Influencing factor . L .
e-bike purchases new e-biking automobile use
Being a marginal purchaser A v A
Higher rebate value Al . o
Higher e-bike price v o o
Men . A A’
Older age v A A
Educational attainment A o A
Higher household income v v A
Larger households (with children) . ° A
More motor vehicles per person ° o A
Cycling pre-purchase v A A
Regular commuting A A A
Bike parking inside home o A A
Higher population density ° o A
Better non-auto access to destinations ° ° v
Higher annual precipitation ° \ A °
More moderate winter temperatures A A’ A°
More cycling infrastructure near home ° \ A o
Hillier areas o A A”

A indicates greater effects and V¥ indicates smaller effects for these participants than for others; ® indicates no
significant difference in effects between these participants and others

" Effects observed at a 90% (rather than 95%) confidence level

! Larger effect per rebate, but not per rebate-dollar

3 The GHG mitigation cost of electric car rebates in BC is around $1,000 per tonne COzeq, while the carbon market
price in Canada is less than $300 per tonne COzeq.
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Table E.1 summarizes some of the factors shown to influence the key determinants of program
outcomes. Beneficial factors include rebates distributed to commuters, in more moderate winter
climates, in hillier areas, and to those who can park an e-bike inside their home. Other factors
have trade-offs, such as marginal purchasers using their new e-bikes less, but reducing their
automobile use more. Rebate recipients living in lower-income households are more likely to
make marginal purchases and subsequently use their e-bike more, but have less automobile use
to displace with e-biking. In addition, rebate recipients who are older or already conventional
cycling are less likely to make marginal purchases, but use the purchased e-bikes more, and
displace more automobile use. We find that the twin objectives of increased e-bike use and
decreased automobile use were most realized by those in households with moderately low
income (1x to 2x the low-income cut-offs or LICO) and by those with moderate or low satisfaction
with household income.

E7.Personal and Equity-Related Impacts

Table E2 illustrates key program benefits for rebate recipients and how they varied across
population subgroups. The rebates made e-bike purchases more affordable, reducing purchase
costs by an average of 43%. E-bike ownership enabled net new mobility for both exercise and
utilitarian purposes, helped to reduce total weekly travel costs by 12% (approximately $2.3
million in annual travel cost savings for all 4,943 rebate recipients), and increased travel-related
physical activity by 13%. To varying extents, these benefits were disproportionately gained by

Table E2. Benefits for rebate recipients and variation across population subgroups

E-bike Net change  Net change in
Rebate Net new . .
purchase - in weekly physical
amount mobility L
cost? travel costs activity
. +5.8 -$9.07 +153 MMM?
Average for all recipients $1,320 $1,771 km/week (-12%) (+13%)
Low household income A A A o °
Low satisfaction with
. A A o A A
household income
Non-man ° . v * ° v *
Non-white A A v o .
Disability . . A . o
No college A* A o o .
Senior \ 4 v A o o
Rural o v A o .

A indicates greater benefits (larger rebate, lower cost, more mobility, greater reduction in travel cost, more
physical activity) and Vindicates smaller benefits for these participants as compared to others; ¢ indicates no
significant difference in benefits between these participants and others

* Effects observed at a 90% (rather than 95%) confidence level

! Price paid by participants after rebate applied

2 Marginal MET minutes (from weekly travel alone)
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those in low-income households, with less educational attainment, or with a disability, while
women and non-binary folks benefitted less than men in new mobility and physical activity. Non-
white rebate recipients benefitted more than others in regard to purchase costs but gained less
new mobility. This pattern was reversed for seniors and rural residents who reduced their
purchase costs less than others but gained more new mobility.

Quantitative and qualitative data revealed overall positive experiences with e-bike adoption. Fun
and enjoyment stood out as important aspects of owning and using an e-bike, which many
participants connected to mental and physical health improvements. Participants also
highlighted the “freedom, flexibility, and independence” of new mobility options gained with e-
bike adoption and the opportunity for travel mode shift. Conversely, participants expressed
concerns about limited availability of safe places to ride and secure bike parking. Weather
emerged as another primary consideration that increased in importance, possibly due to negative
experiences e-biking in inclement weather.

E8.Conclusions and Recommendations

Overall, the BC Program was successful in achieving its aims of supporting active transportation,
making transportation more affordable for lower-income households, and reducing GHG
emissions. Approximately 3 out 5 rebates induced a new (marginal) purchase that would not have
happened without the rebate. The incentivized e-bikes were used regularly for a variety of
purposes; a large portion of the e-bike use displaced automobile travel, which led to net
reductions in travel costs and GHG emissions and a net increase in physical activity during travel.
Most of the program benefits were equitably distributed, with people in lower-income
households receiving larger rebates and greater mobility and cost benefits, although most e-bike
purchasers in high-income households also received the largest rebates. Generally, larger rebate
values had greater impact per rebate but smaller impact per rebate-dollar. The changes in travel
patterns were similar at the +3 and +12 month survey waves, which is promising for longer-term
impacts. In addition to practical considerations such as travel time, “fun” was a key factor
motivating sustained e-bike use.

The study results are largely consistent with past research and pre-program modelling. One major
difference from the Saanich E-bike Incentive Program (which preceded the BC program) is that
Saanich rebate values were strongly differentiated by household income, as a consequence of
applying household income criteria (rather than personal income criteria, as in the BC program).
BC rebates were slightly less cost efficient in inducing marginal purchases, likely due to higher e-
bike prices, higher household income, more pre-purchase e-bike use, and more recipients living
in areas with colder winters. Although post-purchase e-bike use was similar for recipients of the
Saanich and BC rebates, changes in automobile use 12 months after purchase were smaller for
the BC program due to particularly high pre-purchase automobile use by recipients of the
income-conditioned Saanich rebates. We are more confident generalizing from the BC study
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results, given the larger sample, more diverse contexts, and greater consistency with other
studies on e-bike use and automobile mode substitution.

The results of this study support the core assumptions of e-bike rebate programs and provide
insights to inform future rebate program design. Rebate program designers should consider the
potential trade-offs in program impacts when selecting program criteria to prioritize rebate cost
efficiency, new e-bike use, or automobile mode substitution. We recommend continuing the BC
Electric Bicycle Rebate Program but changing from a personal to a household income criterion.
Our findings indicate this change would likely increase the program’s effectiveness in generating
marginal e-bike purchases and use. It would also shift the rebate demand of high-income
households to the more cost-efficient lower-value rebates. We also recommend setting LICO-
based income thresholds (which account for household size and geographic context) for future
e-bike rebates at around 2x LICO, which would prioritize income-constrained households while
still capturing households with the potential for substantial automobile mode substitution.

Additionally, there are other factors beyond income that can influence program effectiveness.
Given the strong positive impact of providing rebates to regular commuters, designing a rebate
program that prioritizes this group (possibly in partnership with employers) may be a promising
strategy to enhance program outcomes. Geographic prioritization is another option, based on
contextual factors associated with greater rebate impacts such as milder winters, hillier terrain,
and suburban settings with limited public transit. E-bike rebates need not be constrained to areas
with high “bikeability”. Other strategies to increase rebate availability and cost efficiency are to
restrict the total number of rebates available at the high-value tiers, or to reduce the value of
rebates at the upper tiers.

While e-bike rebates are effective in generating new e-bike use, there are persistent perceived
barriers limiting use, particularly concerns about poor riding facilities (especially in rural areas)
and theft (especially in urban areas). Thus, in addition to rebates, continued effort is required to
improve cycling networks and mitigate bike theft, as these issues are particularly salient for those
who are seniors, non-white, or have a disability.

We find that e-bike rebates are cost-competitive with electric vehicle rebates for GHG mitigation.
They also generate a range of other important benefits through automobile mode substitution
and increased physical activity. Thus, although GHG mitigation is an important and significant
benefit of e-bike rebates, these programs need not (and likely should not) be justified solely
through climate action. Considering mobility and physical activity co-benefits will be increasingly
important if declining automobile emission rates diminish the effectiveness of e-bike rebates for
GHG reduction. As interest in e-bike incentive programs continues to expand, we look forward to
further investigations on their effectiveness in various scales and settings, and their
comprehensive impacts on public health, traffic safety, and transportation system costs.
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1.1 Introduction

This research report provides findings from a study of the “BC Electric Bike Rebate Program,”
which was launched by the British Columbia Ministry of Transportation and Transit* in June of
2023. The goals of the program were to support active transportation, make transportation more
affordable for lower-income households, and contribute to the Province’s greenhouse gas (GHG)
reduction goals by providing rebates for the purchase of electric-assist bicycles. The program
provided e-bike rebates in three income-conditioned tiers of $350, $1,000, and $1,400. Proof of
income was required for the larger two rebate levels, according to the schedule shown in Table
1. Rebate recipients had to be residents of British Columbia, aged 19 or older, and could claim no
more than one rebate per person, among other requirements.> Rebate recipients also had to
obtain pre-approval before purchasing the e-bike from participating retailers. Eligibility
requirements for e-bikes included: pre-rebate sale price of at least $2,000, new (not used), for
personal (not commercial) use, and meeting the definition of Motor Assisted Cycle in the BC
Motor Vehicle Act (MVA).

Table 1. Personal income thresholds for BC rebate tiers

Net (post-tax) income range Rebate value
Less than $38,950 $1,400
$38,951 to $51,130 $1,000
$51,131 and over $350

The objectives of this study were to investigate the travel and environmental impacts of the BC
Program by examining: how rebates changed e-bike purchase decisions, how the incentivized e-
bikes were subsequently used, and the travel mode substitution and GHG benefits from
incentivized e-bike adoption. We also aimed to investigate the equity impacts of the program by
examining how income-conditioned rebates affected e-bike purchase decisions for different
segments of the population, whether lower-income e-bike purchasers experienced unique
benefits or obstacles from access to an e-bike, and whether program benefits varied across other
dimensions of equity beyond income.

Part 1 of this report presents findings on the travel and environmental impacts of the rebate
program, while Part 2 examines the personal and equity effects of incentivized e-bike adoption.
Within Part 1, the next section provides an overview of the state-of-knowledge on e-bike
incentives. The Part 1 study methods are then described in Section 3, with results presented in
Section 4 before the conclusions of Part 1 are provided in Section 5.

* Then the BC Ministry of Transportation and Infrastructure
5 https://bcebikerebates.ca/
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1.2 Literature Review
1.2.1 E-Bike Adoption and Mode Shift

Electric-assist bicycles (e-bikes) are an increasingly popular mode of transportation for a variety
of trip purposes (Cairns et al., 2017; Hassanpour and Bigazzi, 2024; Huang et al., 2024; Johnson
etal., 2023). Research on e-bike adopters has shown that e-bikes are a viable and attractive travel
option for some people uninterested or unable to use conventional bicycles, due to factors such
as distance, hills, cargo, and perspiration (Fishman and Cherry, 2016; MacArthur et al., 20183;
Marincek and Rérat, 2021; Plazier et al., 2017; Wolf and Seebauer, 2014). Compared to travel by
private motor vehicles, e-bikes enable physically active, low-cost, and low-carbon mobility
(Bigazzi and Berjisian, 2019; Fishman and Cherry, 2016; Goins et al., 2025; Pierce et al., 2013;
Sundfg@r and Fyhri, 2017).

The mode substitution effects of e-bike adoption are often studied because displacement of
automobile use is essential to advancing transportation system goals related to costs, congestion,
sustainability, accessibility, and health (Andersson et al., 2021; Mason et al., 2015; McQueen et
al., 2020; Sun et al., 2020; Sundfgr and Fyhri, 2017). A 2020 meta-analysis of survey research from
around the world found that e-bike substitution of automobile trips ranged from 2% to almost
60%, depending on context, while substitution of conventional bicycle trips ranged from 5% to
70% (Bigazzi and Wong, 2020). Rates of automobile substitution were higher in North America
and Europe than in Asia, and in more recent studies. Modelling studies of e-bike adoption
scenarios suggest that widespread uptake of e-bikes could yield GHG savings from the reduction
of automobile travel of 10% in Switzerland (Bucher et al., 2019), 11% worldwide (Mason et al.,
2015), 12% in Portland, USA (McQueen et al., 2020), or 20% in Sweden (Hiselius and Svensson,
2017).

1.2.2 E-Bike Incentive Programs

The potential benefits of e-bike adoption displacing motor vehicle travel have led to growing
interest in e-bike promotion programs and policies by local, regional and national governments
worldwide (Aono and Bigazzi, 2019; McQueen et al., 2019; Nosratzadeh et al., 2025b). The main
barriers to e-bike adoption are purchase price, safety concerns, fear of theft, and unfamiliarity
(Fishman and Cherry, 2016; MacArthur et al., 2018a; Wolf and Seebauer, 2014). To address these
barriers, e-bike promotion efforts often involve purchase rebates, improved cycling
infrastructure (with co-benefits for conventional cycling), provision of secure bicycle parking
(with electric power access), and free or low-cost e-bike rentals or loans (Aono et al., 2019;
McQueen et al.,, 2019; Nosratzadeh et al., 2025b). A recent review of 289 e-bike incentive
programs worldwide found that most e-bike programs provide rebates for 20% to 30% of the e-
bike price, and 22% of programs include some low-income conditioning for rebate value or
eligibility (Nosratzadeh et al., 2025b). We next examine the literature on the impacts of these e-
bike incentive programs.
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1.2.3 Impacts of E-Bike Rebate Programs

Studies on the impacts of e-bike rebate address two sets of questions: 1) did the rebates lead to
more e-bike purchases, and 2) how did travel behavior change after purchase? The first question
raises the concept of additionality or marginality in e-bike purchases: the likelihood that the
incentivized purchases would not have occurred without the rebate.® The impacts attributed to
rebate programs should be limited to the travel behavior changes associated with marginal
purchases (Bigazzi et al., 2025; Bigazzi and Berjisian, 2021).

Although the number of e-bike rebate programs has increased in recent years, to date there has
been limited quantification of the effects of e-bike incentives on e-bike purchases or e-bike use
(Nosratzadeh et al., 2025a). We previously used econometric modelling to evaluate the expected
impacts of hypothetical purchase rebate program designs on e-bike adoption in Vancouver and
Victoria, BC (Bigazzi and Berjisian, 2021). Study results showed that e-bike purchase demand is
expected to exceed the available rebates, and that higher rebate values led to fewer marginal
purchases but a larger share of rebates going to marginal and low-income purchasers. The share
of marginal purchasers ranged from 9% to 45% for rebate values of $200 to $1,600.

We subsequently had the opportunity to study the municipal e-bike rebate program in the
District of Saanich, BC, which provided 389 rebates of $350, $800, or $1,600 in 2021, with the
higher two values requiring household income qualification (Bigazzi et al., 2025).” The study used
a three-wave panel survey design to examine travel behaviour changes up to 1 year after
purchase. The results indicated that 23% (for $350 rebates) to 76% (for $1,600 rebates) of rebate
recipients made marginal purchases. Purchased e-bikes were used regularly (3 to 4 days and 30
to 70 km per week), and rebate recipients reduced their automobile use by 49 km per week a
year after purchase. Larger rebates were associated with greater automobile travel reduction
due to higher pre-purchase automobile use. The long-run reduction in GHG from travel averaged
16 kg CO.e per week, and the calculated marginal and non-marginal GHG abatement costs were
$722 and $190 per tonne COe, respectively.

A study of three local e-bike rebate programs? in California, USA did not examine marginality, but
found that use of the purchased e-bikes replaced 35% to 44% of rebate recipients’ car travel,
translating to an estimated GHG reduction of 12 to 44 kg CO; per month (Johnson et al., 2023).
Approximately 56% of the reported e-bike trips were for recreation, followed by 15% for
shopping or errands and 15% for social outings. An analysis of Denver, USA’s income-conditioned
e-bike rebates® also did not examine marginality, but reported e-bike use of 42 km/wk and

6 Sometimes contrasted with the “free rider” who would have purchased the e-bike anyway.

7 The BC rebate program was informed by the Saanich program design and outcomes, and we use similar methods
in this study to evaluate the BC program impacts, with the Saanich results providing a useful comparator.

8 Rebate amounts ranged from US$150 to US$800, some of them income-conditioned.

% Rebate amounts ranged from US$400 to USS$1,700, and were higher for income-qualified residents and those
purchasing e-cargo-bikes.
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estimated a GHG reduction of 0.43 kg CO.eq for each rebate-dollar provided (City and County of
Denver et al., 2022).

Another study from the USA used an online survey to estimate the effect of price subsidies on e-
bike purchase intentions (Jones et al., 2024). Over a range of assumed rebate program
parameters, they estimated that 14% to 18% of the rebates would produce marginal e-bike
purchases, translating to a cost per marginal e-bike of US$3,700 to USS$4,800. Unexpectedly, they
found lower-income purchasers to be less price-sensitive, which they attributed to the high net
price of e-bikes still being unaffordable for those households.

A study of a national e-bike rebate program in Sweden'® estimated that 66% of the subsidized e-
bike purchases were marginal based on responses to the question “How important was the
subsidy for your decision to buy the electric bike?” (Anderson and Hong, 2022). They estimated
average annual reductions of 1,146 km/year (22 km/week) in automobile commuting for each e-
bike purchaser, with no major difference between marginal and non-marginal purchasers, which
translated to an average GHG reduction of 177 kg CO,e per year (3.4 kg CO.e per week). A study
of municipal e-bike rebates!! in Oslo, Norway was the only other study to use a longitudinal
(panel) study design (up to 5 months after purchase), and a comparison sample of regional
cyclists (Sundfgr and Fyhri, 2022). Marginal purchases were not evaluated, but survey results
showed that incentivized purchasers increased their daily e-bike use by 5.3 km, and decreased
their daily automobile and transit use by 2.1 and 2.9 km respectively.

1.2.4 Impacts of Other E-Bike Incentive Programs

Given the limited and mixed quantitative evidence on the impacts of e-bike rebates, it is also
useful to consider related studies on other types of e-bike incentives. A recent study of a pilot
incentive program in Worchester, USA that provided free e-bike loans to 96 income-qualified
residents reported average use of 105 km per month (24 km/wk) (Goins et al., 2025). The three
most common trip purposes were for commuting, recreation, and shopping. Other studies of free
e-bike loan programs in the USA (Fitch et al., 2022; MacArthur et al., 2017) and Europe (Bjgrnara
et al., 2019; Cairns et al., 2017; Fyhri and Fearnley, 2015; Mildestvedt et al., 2020) have also
reported substantial increases in e-bike use (and overall cycling), accompanied by smaller
decreases in automobile use.

De Kruijf et al. (2018) evaluated a unique program in the Netherlands that provided monetary
incentives of €0.08 to €0.15 per km to e-bike owners to use their e-bikes for commuting.!?
Program participants increased their e-bike commute mode share from 0% to 68% after 1 month,
and to 73% after 6 months in the program, with half of the e-bike trips replacing car trips. The e-

10 The program provided a 25% e-bike purchase price subsidy up to CA$1,500, not income-conditioned, which
averaged around CA$670 in 2018.

11 Rebate amounts of up to €500 ($730), not income-conditioned, which were distributed in 2016.

12 For those not already commuting by e-bike.
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bike use was higher for people who were men, owned fewer motor vehicles, and were
commuting by conventional bicycle before the program. A follow-up study found that 2 out of 3
participants used the e-bike as much as they intended to, and that this rate was higher for people
who were commuting by conventional bicycle before the program (de Kruijf et al., 2024).

1.2.5 Summary

In summary, the impacts of e-bike incentive programs on e-bike adoption and use are still not
well understood. The literature is particularly lacking empirical studies including consideration of
purchase marginality and long-term behaviour change. In addition, the only study in Canada was
in a single municipality (Saanich, BC), with unknown transferability to other locations and scales.
These uncertainties limit the strategic use of e-bike incentives to achieve local, national, and
international transportation goals. We aim to address these knowledge gaps with an
investigation of how the BC e-bike rebate program affected e-bike purchase decisions, how the
incentivized e-bikes were subsequently used, and the travel mode substitution and GHG benefits
from incentivized e-bike adoption.

1.3 Methods

1.3.1 Overview

The conceptual framework for the study is illustrated in Figure 1. We aimed to quantify the net
travel and related impacts that can be attributed to the e-bike rebate program by examining how
travel behaviour (primarily e-bike and automobile use) change from before to after e-bike
purchase. We consider a range of personal and contextual factors that are known to influence
travel behaviour as control variables and potential moderators of the rebate program effects.
Program impacts include private benefits for the e-bike user (increased access to destinations,
increased physical activity, and reduced travel costs)!® and social benefits from reduced
automobile use (reduced greenhouse gas emissions and other externalities such as noise and air
pollution and traffic congestion). The program impacts are calculated from the proportion of
travel behaviour changes associated with marginal e-bike purchases (i.e., purchases that would
not have happened without the rebate).

13 personal impacts such as physical activity and travel costs are presented in Part 2 of this report.
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Figure 1. Conceptual framework for the study

Measuring the impacts of interventions such as rebates is challenging due to the impossibility of
observing the counterfactual situation in which the intervention did not occur. Our approach to
quantifying the rebate effect is illustrated in Figure 2. The impact of the rebates is the difference
between the (observable) post-purchase behaviour, and the (unobservable) counterfactual
behaviour that would have occurred if the rebates had not been available. In the counterfactual
scenario, we do not know whether the rebate recipient would have purchased an e-bike anyway,
or how their travel behaviour might depend on whether they purchased an e-bike. “Marginal
purchasers” are those that would not have purchased an e-bike in the counterfactual scenario
without a rebate. We allow for uncertainty in the counterfactual scenario by defining the
“purchase marginality” as likelihood that an e-bike purchase would not have been made without
the rebate.
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Figure 2. lllustration of counterfactuals for e-bike rebates

We use two different common techniques to contrast the observed post-purchase behaviour
with an unobserved counterfactual. The first is to ask rebate recipients to self-report their
hypothetical behaviour in the counterfactual scenario without a rebate. Two different
hypothetical aspects must be considered: 1) the likelihood of not purchasing an e-bike without
the rebate (i.e., purchase marginality), and 2) the most likely alternative behaviour for e-bike use
if the e-bike had not been purchased. We also use a second technique to characterize
hypothetical #2 (alternative behaviour if the e-bike had not been purchased), which is to assume
that their pre-purchase behaviour represents their behaviour in a counterfactual without the e-
bike purchase, after controlling for any expected difference between the pre-purchase and
counterfactual scenarios (typically related to time-varying factors such as season or fuel price).

1.3.2 Data collection

We used a three-wave panel survey design to collect data on pre-purchase travel behaviour and
short- and long-term travel behaviour changes after e-bike purchase, as illustrated in Figure 3.
Wave 1 was completed by the participants at the time of recruitment, Wave 2 at 3 months after
Wave 1, and Wave 3 at 12 months after Wave 1. Each survey wave recorded data on: 1) the e-
bike purchase, 2) typical weekly travel activity in the preceding month or the month before
purchase, 3) the last two trips taken using the purchased e-bike, and 3) household composition
and socio-demographics including vehicle ownership. The complete survey instrument,
implemented in Qualtrics software, is provided in Appendix B.
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Figure 3. Data collection process

BC e-bike rebate recipients were offered the option to “opt in” to be contacted to participate in
the study when they completed their rebate application form (see Appendix A). The contact
information of those who opted in was given to the study team, and invitation emails were sent
to them with up to three reminders for those who did not complete the survey. Participants
completing Wave 3 were also given an option to opt in for a possible future follow-up study up
to 5 years later. Survey participation was incentivized with a draw for one of 10 gift cards in each
survey wave, with values of $25, $40, and S50 in Waves 1 through 3, respectively. Before
recruitment began, the study methods were reviewed and approved by the University of British
Columbia Behavioural Research Ethics Board (H21-02361).

The last Wave 1 survey invitations were sent in October 2023, so that Wave 3 could be completed
at the end of 2024. Although most rebates were distributed near the program launch in June
2023, more rebates became available due to previously allocated rebates which went unclaimed.
As a consequence, some program rebates were distributed up through July 2024. Recipients of
rebates after October 2023 were not invited to participate, but all rebate recipients are used as
the program population for sample comparison in the analysis below.

1.3.3 Data Processing

Survey response data were downloaded from Qualtrics on January 23, 2025. Analyses were
conducted using Python version 3.12.7 with the packages Pandas, Geopandas, Numpy, and
Matplotlib (Harris et al., 2020; Hunter, 2007; The pandas development team, 2022; Jordahl et al.,
2020). Regression analysis was completed using R Statistical language, version 4.3.1, with
packages “survey”, “DirichletReg”, “glmmTMB” (Brooks et al., 2017; Lumley, 2019; Maier, 2014;
R Core Team, 2025a).
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Data were filtered by first removing pilot test responses and responses that declined consent.
Incomplete responses were also removed using a 95% completion threshold (equivalent to
completing the survey but not selecting a consent option for the next survey wave). Finally, all
responses were removed for those study participants who reported no e-bike purchase or not
receiving a rebate from the BC program in any wave.

For data cleaning, some values were manually corrected based on supporting information
provided in open text responses. Compositional data (responses to questions with instructions
that “numbers should add up to 100%"”) were scaled to total 100% over all options, if necessary.
E-bike purchase dates were cleaned in three ways: 1) purchase dates prior to the program launch
in June 2023 were set to June 1, 2023, 2) purchase dates later than the survey response were set
to the survey submission date, and 3) new purchases reported in Waves 2 or 3 as having occurred
on a date before a previous survey wave submission were changed to one day after that previous
survey submission date. E-bike odometer readings that decreased over time were set to null; one
unrealistic odometer value of 60,000 km at Wave 3 was also set to null.

Participants were asked to provide the first 3 digits of their home postal code (i.e., Forward
Sortation Area or FSA), or provide another location identifier. Those who regularly commute for
work or school were also asked to provide their work or school FSA or location. A central FSA was
manually assigned for qualitative location identifiers such as neighbourhood or municipality.
Missing home location responses were assigned the participant’s work or school location, when
available.

1.3.4 Variable Development

Table 2 presents the purchase, personal, household, and travel-related variables which were
derived directly from the survey responses. Table 3 presents a list of contextual variables: either
geospatial variables assigned to each participant based on their home FSA, or temporal variables
assigned to each survey response based on the completion date. Contextual data only available
in other spatial aggregations were assigned to FSAs using area- or population-weighted averages
(as described in the table).
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Table 2. Purchase, personal, household, and travel variables

Variable name

Description

Purchase
Rebate value
Purchase alternative:
No purchase
Other e-bike
Same purchase
E-bike price
Share of expected e-bike use

by purchaser
After e-bike purchase

Value of rebate received from BC e-bike rebate program ($100)

Self-reported likelihood (from 0 to 1) of...
...not purchasing any e-bike without the rebate (marginal purchase)
...purchasing a different e-bike without the rebate
...purchasing the same e-bike without the rebate

E-bike price without any rebate or incentive ($100)

Self-reported share of “e-bike's use...you expect will be by you (versus others
in your household)” (from 0 to 1)

Observations recorded after (incentivized) e-bike purchase and while still
owning the e-bike (binary)

Personal

Man (exclusive)
Age (decades)
College certificate
Physical disability

Non-white

Reported "man" as only gender (binary)?
Age assigned to midpoint of 10 y reported increments (10 y)
Received at least a college certificate or diploma (binary)?

Self-reported “difficulty walking, using stairs, or doing other physical activities”
at least “often” (binary)?
Reported any racial identity besides (or in addition to) “white” (binary)3

Household

Natural log of income

3+ adults in household
Children in household
Motor vehicles per adult
Fewer cars than adults
Conventional bikes per adult
Bike parking inside

Detached or semi-detached
dwelling

Natural logarithm of annual pre-tax household income (In($10,000))
Households with more than two adults (binary)?

Households with at least one child (binary)?

Number of motor vehicles per adult in household

Households with fewer cars than there are adults in household (binary)3
Number of conventional adult bicycles per adult in household

Reported “Inside my unit/house” for the prompt “At home, where do you
normally park your bike(s)?” (binary)

Reported household dwelling type of “Single-detached house” or “Semi-
detached house (duplex, row house, townhouse)” (binary)?

Travel

Comfort riding on painted
bike lanes

Commuter

Cycling pre-purchase
E-biking pre-purchase
Automobile PKT/week

E-bike PKT/week

Experienced injury crash with
new e-bike

Self-reported comfort of “cycling on your own...on major streets that have a
painted bike lane with no physical barrier”? (ordinal)

Reported “commuting to work or school” (binary)?

Reported conventional bicycle use at least one day/week at Wave 1 (binary)

Reported e-bike use at least one day/week at Wave 1 (binary)

Self-reported kilometers of travel per week by “Car, truck, or motorcycle
(private, shared, or taxi)”? (km/wk)

Self-reported kilometers of travel per week by e-bike? (km/wk)

Reported experiencing a crash with the purchased e-bike that resulted in any
type of injury (binary)

LFrom “Very uncomfortable” (-2) to “Very comfortable” (+2). Missing responses assigned a value of 0

2 0n average in the previous month or the month before purchase
3 The reference levels for binary variables include “Prefer not to answer” and missing responses
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Table 3. Contextual variables

Variable name Description or development method
Metropolitan region Three regions aligned with the largest metropolitan areas (by population) in BC:
Vancouver, Victoria, and Kelowna, as well as a fourth region of Elsewhere
Fuel price Regular gasoline prices ($/L) by month and metropolitan region (Kalibrate, 2025)
Population density Population per unit area based on 2021 Census data (100 people/km?) (Statistics
Canada, 2022a)
Average annual Historic (1991-2020) data for cumulative annual precipitation (m) across the FSA
precipitation (Wang et al., 2016)
Average winter Historic (1991-2020) data for average winter (December through February)
temperature temperature (°C) across the FSA (Wang et al., 2016)
Non-auto access score Sum of BC-normalized access indices for transit, cycling, and walking to various
land uses (Statistics Canada, 2023)
Biking infrastructure A comfort- and population-weighted measure of the density of cycling
density infrastructure based on the Canadian Bikeway Comfort and Safety (Can-BICS)
classification system in (weighted) km/km? (Statistics Canada, 2022b)
Average absolute road Length-weighted average of absolute link grades in each FSA calculated by
grade differencing the elevation range on each link and dividing by total link length

(in 0.1 m/m); road network from OpenStreetMap (OpenStreetMap
contributors, 2015) and 25 m raster elevation data from (GeoBC, 2024).
Season: Summer, Season of observation: summer (Jun-Aug), spring/fall (Mar-May or Sep-Nov), or
Spring/Fall, or Winter winter (Dec-Feb) (categorical)

1.3.5 Survey Weights

Survey weights for responses in each wave were constructed and applied in the analyses to
account for differences between the observed sample and the study population (i.e., all BC
Program rebate recipients). Wave 1 survey weights (Response weights) account for non-random
recruitment from the study population into the Wave 1 study sample. Survey weights for Waves
2 and 3 combine the Response weights with Attribution weights, which account for non-random
attrition from the study sample after Wave 1.

Survey weights were calculated by raking with iterative proportional fitting using the “survey”
package in R (Lumley, 2019; R Core Team, 2025a). The objective of raking is to achieve target
marginal distributions in variables of interest for the weighted survey sample. The variables of
interest are selected as the attributes that are both relevant to the study objectives and for which
the observed sample differs from the study population. To select raking variables for Response
weights, attributes of the Wave 1 sample were compared to those of the BC Program rebate
recipients for available variables. To select raking variables for Attrition weights, attributes of the
Wave 3 sample were compared to those of the Wave 1 sample (using a regression model
described below in Section 1.3.7.1).
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1.3.6 Calculation of Impacts
1.3.6.1 Purchases, Spending, and Revenues

Purchase-related program impacts are calculated from the reported pre-rebate e-bike price p,
the rebate value r, and the self-reported purchase marginality* m. Total cost of all incentivized
e-bikes is C = Y}(p), which can be decomposed into the total costs of marginal purchases C,,, =
Y.(pm) and non-marginal purchases Cpp, = Y(p(1 —m)), C = Cpp + Com-

C,, is also the new retailer revenue generated by the program. This new revenue is composed of
the rebates received by marginal purchasers R,,, = Y.(rm) and the induced spending by those
purchasers on marginal e-bikes, S,, = Z((p —r)m). The remaining rebate value is the cost
savings on non-marginal purchases, R,;;, = Z(r(l — m)). And finally, the portion of total e-bike
costs is the unaffected purchaser spending on non-marginal e-bikes: S,,,, = Z((p -r)(1- m))
and C =Ry, + S; + Ry + Sy

The price sensitivity of e-bike purchases can be represented by the point price elasticity of e-bike
demand (&). As described in Bigazzi and Berjisian (2021), assuming a power demand function the

—&
purchase marginality is related to price elasticityasm = 1 — (1 - %) . This relationship can be

. . - . -In(1-

rearranged to infer price elasticity from marginality as: € = %:;)
n(1-"
P

1.3.6.2 Travel Behaviour Changes

Travel behaviour changes are evaluated in two ways: 1) using the reported alternative modes for
the last two trips taken on the purchased e-bike (which isolates behaviour changes through
modal shift), and 2) using changes in typical weekly travel habits by mode between waves (which
encompasses a broader range of travel behaviour changes, including trip-making and destination
choices).

For each reported e-bike trip (i), the survey instrument recorded the trip distance d; in km, the
likelihood (from 0 to 1) of making the trip by each alternative mode m if the e-bike had not been
purchased, L7, and the proportional distance of the trip by alternative mode m, relative to d;,
y{".2® From these, we calculate mode shift as the net change in PKT by alternative mode m for

each e-bike trip i € [ as: APKT,, = %ZiE,[—diL'iny{"]. For e-bike travel, the net mode shift
calculation includes the observed trip: APKT,;, = %Zie,[—diL’i"yim +d;].

In each survey wave w participants reported weekly travel habits as days per week using mode
m at wave w, w,y,, and average distance per day on days used, &,,. From these, we calculate

14 Likelihood they would not have purchased an e-bike without the rebate; see Section 3.1 in Part 1.
15 For example, y* = 1.2 would indicate a 20% longer trip if it were made by mode m.
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weekly PKT for each mode and wave as PKT,; = wy,6,n. Mode shift is then calculated as the
change in PKT,Y between waves.

1.3.6.3 Greenhouse Gas Emissions

The climate impacts of e-bike-induced mode shift were estimated from the PKT values described
in the previous section multiplied by per-PKT lifecycle GHG emission rates from a recent study of
the climate impacts of household travel in greater Vancouver, BC (Bigazzi et al., 2024a). The
emission rates are given in Table 4 in grams of carbon dioxide equivalent emissions (g CO.eq) per
PKT.'® These are consequential emission rates, designed to reflect the net impact of individual
travel behaviour on total transportation system GHG emissions (Bigazzi, 2025).

Table 4. Lifecycle greenhouse gas emission factors

Primary travel mode g COzeq per PKT
Automobile 325.23

Public transit 39.69

E-bike 11.18
Conventional bicycle 10.72

Walking 0.00

The rates in Table 4 include operating (on-road) emissions, as well as lifecycle emissions for the
fuel cycle (e.g., petroleum refining and electricity generation) and vehicle cycle (production,
maintenance, and disposal); they do not include guideway lifecycle emissions (generated by
infrastructure construction and maintenance). The rates are averaged by “primary” mode, and
so include emissions from access and egress trip segments by other modes in multimodal trips
(e.g., taking an automobile to a transit station). Automobile travel includes trips by private,
shared, or hailed (taxi) vehicles, using a passenger vehicle fleet based on BC vehicle registration
data (primarily gasoline passenger cars, but including passenger trucks and hybrid and fully
electric vehicles). Public transit includes only bus and paratransit trips (i.e., excluding Vancouver’s
rail transit and Sea Bus), so that they are applicable to the entire province. Drawing from the
Saanich e-bike incentive study, the e-bike emission rate includes 0.46 g CO.eq/km in use-phase
electricity consumption (Bigazzi et al., 2025)./

The emission rates in Table 4 are representative of systemic modal differences in the GHG
intensity of passenger travel in BC, but GHG rates for individual trips will vary substantially with
a range of factors that were not feasible to collect in this study, particularly vehicle model and
fuel type, vehicle occupancy, and driving style. The rates also do not reflect potential systemic

16 Carbon dioxide equivalents is a metric used to combine the climate impacts of various greenhouse gases, adjusted
for global warming potential.

17 We do not treat food as a transportation fuel, and so exclude upstream GHG emissions attributable to production
of food consumed by people who cycle. This is a topic of some debate, and there is currently mixed evidence on the
marginal effects of active travel on food consumption (Elder and Roberts, 2007; Frank et al., 2022).
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differences in the GHG intensity of travel by region of the province due to factors such as vehicle
fleets and transit operations. Implications are discussed in Section 1.5.3.

1.3.6.4 External Costs of Travel

In Part 1 of this report we estimate the external costs to society associated with overall weekly
travel in each wave and the change in external travel cost per e-bike trip. In Part 2 we estimate
the internal travel-related costs experienced by the e-bike users. Table 5 presents the assumed
external travel cost rates per PKT, which were taken from Litman (2022)*8. These external costs
include the construction and maintenance of roadway and parking facilities, traffic congestion,
transit and vehicle subsidies, crashes, noise and air pollution, barrier effects, and resource
extraction.

Table 5. Assumed external travel cost rates by mode (in S per km)

Walking  Biking  E-biking Auto Transit  Other!

External travel costs $0.01 $0.09 $0.12 $0.48 $0.09 $0.16

! Average of all other modes

1.3.7 Regression Analyses

Regression analysis was used to examine sample attrition in the panel between waves, and to
investigate the factors influencing purchase marginality and travel mode shift after purchase
(weekly PKT by e-bike and automobile). The independent variables (given above in Section 1.3.4)
included attributes of the purchase (rebate, price), the purchaser (age, gender), their household
(income, children), their travel circumstances (commuter, comfort cycling), and their home
context (population density, climate). We also included potentially confounding time-varying
factors (season, fuel price). Selection of independent variables was informed by the travel
behaviour literature, the study scope and objectives, and data availability. A variety of variable
definitions were examined during model specification (such as transformations of household
income), with the final specification determined by model fit and theoretical consistency.

Missing data are challenging for regression analysis, and various approaches to handling missing
data carry different vulnerabilities to bias in parameter estimates (Groenwold et al., 2012; Jones,
1996; Ranganathan and Hunsberger, 2024). We created flag indicator variables to identify
missing responses for independent variables, and the missing data were assigned a sample mean
value for model estimation. This practical approach allows us to retain observations and variables
of interest with incomplete responses (e.g., someone who responded to all questions except

18 Currency conversion of CA$1.35 = US$1.00 was used as hecessary
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age). It is more appropriate than eliminating incomplete observations or variables when missing
values are not random,® and avoids the challenges and uncertainties of data imputation.

Statistical tests use a default significance threshold p<0.05. This threshold is common but
arbitrary and often misapprehended with respect to the evidence it provides for both
“significant” and “null” effects (Nuzzo, 2014; Wasserstein and Lazar, 2016). We report simple p-
values for each parameter, which do not adjust for multiple hypothesis testing, and should not
be viewed as definitive arbiters of which factors do or do not influence the outcomes of interest.

1.3.7.1 Panel Retention Model

Binary logit regression was used to investigate non-random attrition in the study participants
between survey waves and to determine the variables to use for survey weighting (see Section
1.3.5 above). The dependent variable in the model was completion of Wave 3 (binary). The
estimated model parameters for independent variables indicate if participants with certain
attributes were more or less likely than others to remain in the study for all three waves.
Variables with statistically significant parameters (p<0.05) were then used to calculate the
Attrition survey weights for Wave 2 and Wave 3 observations (model results in Section 1.4.1.6
and survey weights in Section 1.4.1.7).

1.3.7.2 Purchase Marginality Model

Dirichlet regression was used to investigate relationships between the independent variables and
an individual’s self-reported likelihood of alternative purchase behaviours if the rebate had not
been available: 1) purchasing the same e-bike, 2) purchasing a different e-bike, and 3) not
purchasing an e-bike.?° The first alternative was the reference level, and so the parameter
estimates represent the effects of each variable on the likelihoods of alternatives #2 and #3
relative to alternative #1. Dirichlet regression is used for compositional data (adding up to 1); it
addresses the challenge of multicollinearity without assuming a single alternative is chosen,??
and allows for independent effects of each variable for each alternative (Douma and Weedon,
2019; Maier, 2014). The estimated parameters for alternative #3 are the primary interest from
this model because they represent the effects of independent variables on purchase marginality.
The model was estimated in the statistical software R with the package ‘DirichletReg’ (Maier,
2014).

19 “Missing Not At Random” (MNAR) data; i.e., when the likelihood that participants chose not to respond to certain
questions relates to the value they would have provided

20 The third alternative includes the likelihoods of not purchasing any bicycle and purchasing a conventional bicycle.
21 Such as is assumed in discrete choice modelling
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1.3.7.3 E-bike and Automobile PKT Models

Travel behaviour changes after purchase were investigated using negative binomial regression
models of weekly PKT by e-bike and by automobile in each wave. The negative binomial model
specification accounts for the non-normal distribution of these dependent variables (which are
truncated at zero and have substantial positive skew). The specification also includes random
effects for each participant to account for panel effects (intra-subject error correlation).?? The
models were estimated in the statistical software R with the package ‘glmmTMB’ (Brooks et al.,
2017; R Core Team, 2025a).

An “After e-bike purchase” intervention dummy variable was included in the models to denote
observations after e-bike purchase. The estimated parameters on this intervention variable
indicate the change in each outcome associated with the e-bike purchase, after controlling for
the independent variables and the participant’s pre-purchase behaviour. The post-purchase
intervention variable was also interacted with other independent variables to test for moderating
effects on post-purchase behaviour changes (i.e., whether post-purchase e-bike or automobile
use increased or decreased more in certain circumstances such as for purchasers living in hillier
areas).

1.4 Results

1.4.1 Study Sample
1.4.1.1 Responses

As of October 2023, 2,856 rebates had been distributed by the BC Electric Bike Rebate Program
and 2,278 rebate recipients (80%) consented to be contacted for study recruitment. Of those
who were invited to participate, 1,004 complete and cleaned responses were received at Wave
1, representing a response rate of 44% (or 35% of all rebates distributed at that time). Figure 4
shows the sample progression over the study. The number of complete, cleaned responses for
Waves 2 and 3 were 601 and 449, respectively, which translates to retention rates from Wave 1
of 60% and 45%. Most participants completing Wave 1 and Wave 2 (89% and 99%, respectively)
consented to be contacted for the next wave.

22 Random effects were used rather than fixed effects to account for the panel data structure so that we could
include time-invariant personal factors in the model and make inferences beyond the studied sample; this approach
assumes that the few non-personal, time-varying independent variables in the model (fuel price, season) are
uncorrelated with the individual error (Greene, 2008).
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Figure 4. Number of participants at each step of the survey process

The complete and cleaned survey responses over time are shown in Figure 5. Most Wave 1
responses were collected in June and July 2023, coinciding with the launch of the BC e-bike rebate
program, while the majority of Wave 2 responses were collected in September and October 2023
and the majority of Wave 3 responses were collected in June and July 2024. The number of
responses at each step of the data cleaning process is given in Table 6.
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Figure 5. Cumulative complete and cleaned responses over the course of data collection
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Table 6. Number of responses through data cleaning

Type of response Wave 1 Wave 2 Wave 3 All responses
Raw (post-consent) 1,362 703 513 2,578
Complete (95%+) 1,072 614 457 2,143
Purchased e-bike with BC rebate 1,004 601 449 2,054

1.4.1.2 Rebate Distribution

By July of 2024, 4,943 total rebates had been distributed by the BC e-bike rebate program,
although no new study participants were recruited after October 2023. We use the full
population of rebate recipients for comparison of sample attributes and weighting.

Figure 6 presents the rebate distributions for the Program recipients and the Wave 1 study
sample. Most participants in the sample (80%) received the highest rebate value of $1,400, while
14% received $1,000 and 6% received $350. An even larger portion of BC rebate recipients (86%)
received $1,400 rebates, while 10% received $1,000 and 4% received $350. The larger
proportional representation of the lower-tier rebates is beneficial for analysis because it provides
more observations for the less-common rebate values.

Sample

Program 4%:4¢

e $350 $1000 mmm $1400

Figure 6. Distribution of rebate values for BC Program and study sample (at Wave 1)

Responses by rebate value and survey wave are shown in Figure 7. The $350 rebate recipients
had a slightly lower retention rate of 40%, compared to 46% for the $1,000 rebate recipients and
45% for the $1,400 rebate recipients. As a consequence, the distribution of Wave 3 responses
across rebate tiers slightly more closely resembles the Program overall.
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Figure 7. Number of complete and cleaned responses by rebate value category at each survey wave

1.4.1.3 Sample Characteristics

Table 7 summarizes the study sample characteristics, with comparisons to the full set of BC
rebate recipients, the Saanich e-bike incentive study sample (Bigazzi et al., 2025), and BC census
data for the general population (Statistics Canada, 2022a). The sample percentages are
calculated only for those who responded for each item. Most items had a response rate close to
100%, although only 87% of the sample reported household income. The BC study sample
compares well to the study population (BC rebate recipients) overall, although it contains a higher
proportion of people who identify as men, are aged 50 y or over, and are white. Reported weekly
travel mode use is higher for all modes in the study sample than the study population (due to
different phrasing of the prompts?3), but the ordering across modes is the same (automobile >>
conventional bicycle > transit > electric bicycle).

The BC study sample attributes are also largely similar to those of the previous study sample in
Saanich, although the BC sample has a higher proportion of people aged 50 years or over and
larger shares of people who reported using e-bikes and transit before the purchase. The
household incomes for the BC and Saanich study samples are remarkably similar, both averaging
$67,600, despite differences in the income qualification criteria.

Household income for the study sample?* is substantially lower than the province overall, due to
the program’s income criterion. Despite this difference in income, the study sample has similar
educational attainment and motor vehicle ownership to the general BC population.

23 Study survey prompt: “In the month before you made this purchase, on average how many days per week did you
use each of the following modes of travel” vs. BC Program prompt: “Which of the following do you usually use to
travel at least one day per week”

% Only personal (not household) income data are available for all the rebate recipients in the BC Program.

Impacts of BC E-Bike Rebates — Final Report: Part 1, September 2025 20



Table 7. Sample characteristics in Wave 1

Attribute BCWavel BC .re.bate Saanich Walve British.
sample  recipients 1sample Columbia
Count (N) 1,004 4,943 164 5,000,880
Gender: man? 52% 46% 52% 49%
Age: 19-29y 13% 20% 32% 20%
Age: 30-39y 23% 22% 19% 17%
Age: 40-49y 14% 15% 18% 15%
Age: 50-59y 18% 14% 14% 16%
Age: 60-69y 24% 20% 9% 16%
Age: 70+y 9% 9% 7% 16%
Physical disability 5% Unk3 7% Unk
Indigenous 2% Unk 3% 6%
Non-white 24% 27% 24% 34%
Has at least college certificate 81% Unk 82% 82%
Has driver’s license 94% Unk 97% Unk
Household size (mean) 2.72 Unk 2.50 2.40
Households with children 27% Unk 31% 34%
Household motor vehicles (mean) 1.60 Unk 1.55 1.62
Household conventional adult bicycles (mean) 1.68 Unk 1.65 Unk
Household electric bicycles (mean) 1.26 Unk 1.05 Unk
Annual household income
<$25,000 18% Unk 15% 9%
$25,000 - $50,000 30% Unk 30% 17%
$50,000 - $75,000 16% Unk 20% 17%
$75,000 - $100,000 14% Unk 16% 15%
$100,000 - $150,000 14% Unk 8% 20%
>$150,000 8% Unk 10% 21%
Travel habits: at least weekly trips by each mode (pre-purchase)®
Walk 82% Unk 83% Unk
Conventional bicycle 41% 34% 40% Unk
Electric bicycle 15% 8% 7% Unk
Private automobile 91% 74% 94% Unk
Public transit 32% 30% 19% Unk

1Saanich “study group” (incentive recipients) only; excludes the control group of non-incentivized purchasers
2Pparticipants who selected Man as their only gender identity for the program and sample data; the “Men +”
category in the census data for British Columbia includes non-binary people

3 Unknown
4Not applicable

> Different prompts were used in the BC program and study surveys to measure this value.
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1.4.1.4 Geographic Distribution

Figure 8 shows the number of survey participants by forward sortation area (FSA) and
metropolitan region. FSA sizes are inversely related to population density, so the number of
participants per FSA is moderate (<25) even in the densest parts of Vancouver.
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Figure 8. Spatial distribution of participants at Wave 1
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Table 9 presents sample characteristics for Wave 1 participants by metropolitan region.
Vancouver participants are younger, more likely to identify as men and be non-white, and have
higher household incomes than participants in other regions. Weekly travel habits are relatively
similar across regions; however, Vancouver participants use public transit more frequently and

automobiles less frequently, compared to other regions.

Table 8. Sample demographics by metropolitan region

Attribute Vancouver Victoria Kelowna Elsewhere Total
sample
Count (N) 436 176 55 337 1,004
Man 59% 44% 44% 48% 52%
Age: 19-29y 18% 12% 9% 8% 13%
Age: 30-39y 27% 20% 20% 19% 23%
Age: 40-49y 16% 14% 9% 12% 14%
Age: 50-59y 17% 16% 20% 20% 18%
Age: 60-69y 18% 24% 28% 30% 24%
Age: 70+y 4% 14% 13% 11% 9%
Physical disability 4% 6% 9% 5% 5%
Indigenous 1% 2% 2% 4% 2%
Non-white 40% 14% 9% 7% 24%
Has college/university certificate/diploma 84% 86% 77% 74% 81%
Household size (mean) 2.96 2.59 2.82 2.46 2.72
Households with children 31% 24% 26% 24% 27%
Household motor vehicles (mean) 1.46 1.52 2.33 1.71 1.60
Household conventional adult bicycles (mean) 1.64 1.59 1.95 1.74 1.68
Household electric bicycles (mean) 1.20 1.32 1.47 1.26 1.26
Annual household income
<$25,000 17% 16% 18% 20% 18%
$25,000 - $50,000 29% 28% 32% 32% 30%
$50,000 - $75,000 13% 22% 11% 18% 16%
$75,000 - $100,000 15% 18% 7% 13% 14%
$100,000 - $150,000k 15% 12% 23% 11% 14%
>$150,000 11% 5% 9% 6% 8%
Travel habits: at least weekly trips by each mode (pre-purchase)
Walk 84% 82% 85% 79% 82%
Conventional bicycle 40% 41% 42% 41% 41%
Electric bicycle 16% 15% 9% 13% 15%
Private automobile 85% 91% 98% 97% 91%
Public transit 52% 26% 4% 14% 32%
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Table 8 presents the sample distribution across metropolitan regions with a comparison to the
BC Program and BC population. A higher share of rebate recipients in the Victoria region and
Elsewhere completed Wave 1 of the study, while a lower share in the Vancouver region
completed Wave 1. The retention rate of Wave 1 participants at Wave 3 is similar for all regions,
ranging from 43% to 48%. Compared to the general population, Program rebates were
disproportionately distributed in the metropolitan regions of Victoria and Vancouver.

Table 9. Sample distribution across metropolitan regions

Region BC Wave 1 BC .re.bate BC . Moved after  Retained at Wave 3
sample recipients population Wave 1 from Wave 1!
Vancouver 43% 55% 53% 1.1% 44%
Victoria 18% 13% 8% 2.3% 48%
Kelowna 5% 5% 5% 5.5% 45%
Elsewhere 34% 27% 34% 0.3% 43%

! Excluding those who moved

1.4.1.5 Summary of Model Variables

Table 10 presents a summary of the time-varying, observation-level variable values for all 2,038
observations with complete travel data (each observation is a response in a specific survey wave,
with up to 3 observations per participant). These variables are used in the regression analysis to
examine associations with purchase marginality and changes in e-bike and automobile use post-
purchase, and to control for confounding factors. Table 11 presents a summary the person-level
variable values for all 1,004 participants.

Table 10. Summary of time-varying (observation-level) variables used in analysis

Variable name Units Summary statistic!
Automobile PKT/week km/wk 95.05 (93.55)
E-bike PKT/week km/wk 26.98 (46.90)
Flag (imputed? automobile km/day) None (binary) 2%
Flag (imputed? e-bike km/day) None (binary) 2%
After e-bike purchase None (binary) 51%
Experienced injury crash with new e-bike None (binary) 2%
Fuel price ($/1) 1.83(0.13)
Season None (categorical)
Summer 41%
Fall/Spring 53%
Winter 6%

1% true for binary and categorical variables; mean (standard deviation) for continuous variables; for 2,038
observations with complete travel data (up to 3 per participant)
2 Mean km/day for other people reporting the same days/week of use
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Table 11. Summary of participant variables used in analysis

Category Variable name Units Summary statistic?
Rebate value $100 12.8(2.77)
Purchase alternative: No purchase None (likelihood) 0.58 (0.40)
Purchase alternative: Other e-bike None (likelihood) 0.20(0.27)
purchase Purchase alternative: Same purchase None (likelihood) 0.23 (0.31)
Flag (missing purchase alternative response) None (binary) 4%
E-bike price $100 31.87 (13.67)
Flag (missing e-bike price response) None (binary) 1%
Share of expected e-bike use by purchaser None (proportion) 0.88 (0.19)
Man (exclusive)? None (binary) 51%
Age 10y 4.92 (1.58)
Flag (missing age response) None (binary) 1%
Personal College certificate? None (binary) 81%
Flag (missing education response) None (binary) 2%
Physical disability? None (binary) 5%
Non-white? None (binary) 23%
Natural log of income Ln($10,000) 1.66 (0.76)
Flag (missing income response) None (binary) 13%
3+ adults in household? None (binary) 23%
Children in household? None (binary) 27%
Motor vehicles per adult Number/person 0.75(0.47)
Household ) .
Fewer cars than adults None (binary) 55%
Conventional bikes per adult Number/person 0.80 (0.69)
Bike parking inside None (binary) 59%
Flag (missing bike parking response) None (binary) 4%
Detached or semi-detached dwelling? None (binary) 75%
Comfort riding on painted bike lanes Ordinal (-2 to +2) -0.16 (1.42)
Comfort riding on local streets Ordinal (-2 to +2) 1.34(1.29)
Travel Commuter? None (binary) 44%
Cycling pre-purchase None (binary) 41%
E-biking pre-purchase None (binary) 15%
Population density 100 people/km? 25.04 (36.26)
Average annual precipitation m 1.32(0.61)
Average winter temperature °C 2.48 (3.40)
Context
Non-auto access score Score 0.52 (0.58)
Biking infrastructure density Weighted km/km? 3.33(3.86)
Average absolute road grade 0.01 m/m 2.94 (1.09)

19 true for binary and categorical variables; mean (standard deviation) for continuous variables; for all 1,004
participants at Wave 1
2 The reference levels for these binary variables include “Prefer not to answer” and missing responses
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1.4.1.6 Panel Retention Model

As described in Section 1.3.7.1 above, we used a binary logit regression model of participant
retention at Wave 3 to investigate the potential for bias introduced through non-random attrition
of study participants. Table 12 presents the estimated model parameters as odds ratios for each
variable. Odds ratios closer to one indicate less potential bias due to non-random attrition related
to that factor. An odds ratio greater than one indicates a variable that increases the likelihood of
retention in the panel to Wave 3, while an odds ratio less than one indicates a variable that
decreases the likelihood of retention in the panel. P-values less than 0.05 in Table 12 indicate
variables for which we have 95% confidence that the odds ratio is not 1 (i.e., variables of concern
that relate to participant retention).

Four variable parameters in Table 12 are statistically significant (p<0.05): participant retention
was higher for people who received larger rebates, live in households with higher income, and
were conventional cycling pre-purchase, likely reflecting more motivated participants. In

Table 12. Estimated model of participant retention at Wave 3

Variable! Odds ratio P-value
Intercept 0.17 <0.01
Rebate value ($100) 1.06 0.04
Man (exclusive) 1.08 0.58
Age (10y) 1.07 0.12
Flag (missing age response) 0.24 0.20
College certificate 1.01 0.96
Flag (missing education response) 0.28 0.05
Physical disability 1.47 0.19
Non-white 0.88 0.46
Natural log of income (In($10,000)) 1.30 0.01
Flag (missing income response) 0.97 0.88
3+ adults in household 0.83 0.27
Children in household 0.62 <0.01
Fewer cars than adults 0.85 0.29
Comfort riding on painted bike lanes 1.03 0.55
Cycling pre-purchase 1.58 <0.01
Metropolitan region: Vancouver? 1.11 0.73
Metropolitan region: Victoria? 1.21 0.26
Metropolitan region: Kelowna? 1.25 0.26
Automobile PKT/week (100 km/wk) 0.96 0.60
Flag (imputed automobile km/day)3 0.86 0.72

tvariable values as reported at Wave 1
2Reference level: “Elsewhere”
3 Mean km/day for other people reporting the same days/week of use
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contrast, participant retention was lower for participants with children in their household,
perhaps due to less time availability. Non-random sample attrition can introduce bias if it is
associated with the outcomes of interest (such as travel mode shift and GHG changes). To
mitigate this risk, we develop and apply attrition-related survey weights conditioned on rebate
value, household income, having children in household, and cycling pre-purchase (described in
the next section).

1.4.1.7 Survey Weights

Survey weights were developed to account for the sample non-representation issues described
in the previous sections, both with respect to recruiting participants from the BC Program
(Response weights) and retaining participants in subsequent waves (Attrition weights). Response
weights were calculated by comparing the Wave 1 sample to the BC Program rebate recipients
on the attributes of gender, age, non-white, metropolitan region, and rebate value. Attrition
weights were calculated by comparing the Wave 2 and 3 samples to the Wave 1 sample on the
attributes of household income, children in household, cycling before purchase, and rebate
value. Survey weight values are summarized in Table 13. These weights are applied below in
regression modelling and to calculate the total program impacts. Observations from Wave 1 are
applied only the Response weights, while observations in Waves 2 and 3 are applied the product
of the Response and Attrition weights.

Table 13. Summary of survey weight values

Weight type  Relevant sample  Minimum Mean Median Maximum
Response Wave 1 0.31 1.00 0.96 1.64
Attrition 2 Wave 2 0.81 1.00 1.05 1.50
Attrition 3 Wave 3 0.68 1.00 1.06 1.66

1.4.1.8 Summary: Study Sample Composition and Responses

A 35% response rate from recruited BC Program rebate recipients yielded a sample of 1,004
cleaned survey responses at Wave 1. Overall, the study sample compares well to the study
population of BC Program rebate recipients, most (86%) of whom received the largest $1,400
rebates. Compared to the BC Program, the study sample has higher proportions of people who
identify as men (52% vs. 46%), are over 55y (41% vs. 36%), and are white (76% vs. 73%).

The study participants come from households with lower income than the general BC population
(averaging $67,608 vs. $108,6002%°), in alignment with the Program design, but have similar levels
of motor vehicle ownership (both averaging 1.6 motor vehicles per household). Geographically,
the study sample and BC program rebate recipients are distributed across metropolitan similarly

25 Statistics Canada (2022a)
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to the BC population. Metropolitan Victoria and Vancouver Island are overrepresented in both
the study sample and the rebate recipients, while metropolitan Vancouver and Lower Mainland
are under-represented in the study sample but not the rebate recipients.

Retention rates at Waves 2 and 3 were 60% and 45%, respectively, and generally consistent
across most sample attributes. However, four attributes were statistically associated with the
likelihood of participant retention to Wave 3: rebate value, household income, children in
household, and cycling pre-purchase. Survey weights were developed to account for sample non-
representation with respect to participants recruited from the BC Program (Response weights)
and participants retained at Waves 2 and 3 (Attrition weights). These survey weights are applied
in the regression and program impact analysis presented below.

For context, most studies of real-world e-bike incentive programs have sample sizes under 100
(Bjgrnara et al., 2019; Cairns et al., 2017; Fyhri and Fearnley, 2015; Goins et al., 2025) but some
have recruited larger samples of up to 1,873 for a national program in Sweden (Anderson and
Hong, 2022; Sundfgr and Fyhri, 2022; Ton and Duives, 2021). Recruitment rates from incentive
programs can range from 18% to as high as 89% when included in program requirements
(Anderson and Hong, 2022; Goins et al., 2025; Johnson et al., 2023; Sundfgr and Fyhri, 2022).
Retention rates for multi-wave studies range from 21% to 45%, decreasing with time between
waves (Bigazzi et al., 2025; Sundfgr and Fyhri, 2022; Ton and Duives, 2021). In this context, a
good response rate (35%) from a large incentive program (2,856 rebates at the time of
recruitment) yielded a relatively large sample size (1,004), with good retention (45%) over a long
time period (12 months).

1.4.2 E-Bike Purchases

1.4.2.1 Overview of Bicycle Purchases

By the time rebate recipients completed Wave 1 of the survey, 95% of the participants had
purchased an e-bike. The remainder purchased an e-bike between Waves 1 and 2 (4.9%), or
between Waves 2 and 3 (0.2%). Twelve participants reported no longer owning the original e-
bike in Waves 2 or 3; 7 participants had replaced it. The self-reported reasons for no longer
owning the e-bike were theft, mechanical issues with the e-bike, feeling unsafe cycling, and bike
parking becoming an obstacle (after moving). Out of the three e-bikes that had been stolen, one
has been recovered by the police, but the owner sold it due to concern about damage incurred.

Figure 9 presents the distribution of the expected share of e-bike use by them versus others.
Most participants (65%) reported 100% of the expected use to be by them; the average expected
share in the sample was 88%.
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Figure 9. Share of expected e-bike use by the purchaser

The average purchased e-bike cost, after the rebate discount, was $1,887, with a standard
deviation of $1,410 and a median value of $1,555. No tax is included in this cost, as e-bikes are
exempt from sales tax in BC. Figure 10 presents the e-bike cost by rebate value. People receiving
larger, income-conditioned rebates purchased lower-price e-bikes on average, showing that the
rebates were primarily used to decrease purchaser costs, rather than to obtain a higher-priced
e-bike.
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Figure 10. Reported e-bike costs by rebate value
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Table 14 presents further cost information for each rebate tier. The purchase cost paid by the
recipients of the $350 rebate was approximately twice of that of the $1,400 rebate recipients,
while the total cost (before the rebate discount is applied) was 16% higher. Twenty-two
participants reported receiving other incentives (such as employer benefits or retailer sales) with
an average value of $930 (standard deviation $1,162).

Table 14. E-Bike cost! by rebate tiers

Cost variable $350 rebates $1,000 rebates $1,400 rebates All rebates
Cost paid by the participant $3,241($2,708)  $2,410($1,226)  $1,692 ($1,187)  $1,887 ($1,403)
Value of other incentives received? $35 ($209) $45 ($482) $15 ($126) $20 ($216)
Total e-bike price? $3,627 ($2,684)  $3,455(51,380)  $3,107 ($1,193)  $3,187 ($1,367)

! Mean (standard deviation)
2 Reported by 1-3% of participants across rebate tiers; averaged across all rebate recipients
3 Includes other reported incentives; excludes Provincial sales tax (exemption available to all e-bike purchasers)

Selected sample demographics by rebate tier are presented in Figure 11. At higher household
income levels, an increasing share of participants received lower-value rebates. However, most
rebate recipients in households with annual income over $150,000 still received the $1,400
rebates, due to the program’s qualification criterion based on individual income, rather than
household income. The relative share of $1,400 rebates also decreases with age, although most
participants received the $1,400 rebates at all age levels.

Less than $25,000
$25,000 - $50,000
$50,000 - $75,000
$75,000 - $100,000
$100,000 - $150,000
More than $150,000

16 -19
20 -29
30-39
40 - 49
50-59
60 - 69
70-79

> 79

e $350 $1000 W= $1400

Figure 11. Distribution of rebate values with household income and recipient age
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Participants were asked to rank the top three considerations for their bicycle purchase. Assigning
3 points to the first factor, 2 to the second factor, and 1 to the third factor, Figure 12 shows the
mean points for each factor by rebate tier, in order of descending average points. The most
important considerations overall are cost, physical effort of riding, the desire for mode
substitution, riding distance, and fun of riding. Purchase cost, physical effort of riding, mode
substitution, and fun of riding have the most variation in importance among different rebate
levels. Recipients of larger rebates gave relatively more consideration to purchase cost and mode
substitution, and less consideration to physical effort and fun of riding.

Purchase cost

Physical effort to ride

Substitute other
modes of travel

Riding distance
Fun to ride
Riding comfort
Carry children
Carry cargo
Weight
Appearance/style
Frequency of use
Riding speed
Other

Charging needs [ Program participants $350
Program participants $1,000
B Program participants $1,400

Maintenance needs

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Average point for each consideration for purchase [0,3]

Figure 12. Main considerations in purchase by rebate value

1.4.2.2 Marginal Purchases

As explained in Section 1.3.1 above, the concept of marginality is important for understanding
the impacts of the program, as marginality indicates the effectiveness of the program in
generating e-bike purchases that would not otherwise have happened. To quantify marginality
of purchases, participants were asked the following question: “If the incentives described above
were not available for this purchase, what is the likelihood each of the following would have
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happened?” They were then provided response choices with sliders (ranging from 0% to 100%)
for the following options: the same e-bike would have been purchased; a different e-bike would
have been purchased; a conventional bicycle would have been purchased; no e-bike purchase
would have occurred.

The mean likelihoods of each purchase alternative by rebate tier are presented in Figure 13. The
combination of “no e-bike” and “conventional bicycle” likelihoods represents marginality, as in
those instances, no e-bike purchase would have occurred. Figure 13 shows that mean marginality
increases from 21% for S350 rebates to 62% for $1,400 rebates, which means that higher rebate
values are more effective in stimulating new purchases that would not have happened without
the rebate program.

$350 rebate

$1,000 rebate

$1,400 rebate

B Same purchase Il Conventional bicycle
Different e-bike 0 No bike

Figure 13. Mean self-reported likelihood of alternative purchase decision by rebate tier (if the rebate were
not available)

Figure 14 presents the mean likelihoods of each purchase alternative by household income.
Lower-income households report higher likelihood of the “no e-bike” alternative (i.e., higher
marginality), which reflects the effects of both larger rebate values and higher expected price
sensitivity.

Less than $25,000
$25,000 - $50,000
$50,000 - $75,000
$75,000 - $100,000
$100,000 - $150,000
More than $150,000

BN Same purchase Il Conventional bicycle
Different e-bike I No bike

Figure 14. Mean self-reported likelihood of alternative purchase by household income
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Inferred price elasticity of e-bike demand for each rebate tier are presented in Table 15. The
elasticity ranges from -2.3 to -1.6, which means that a 10% decrease in e-bike cost increases e-
bike demand by around 20%. These results align well with the suggested range of -1.0 to -3.0
based on limited previous literature in Bigazzi and Berjisian (2021), and are similar to the values
estimated for the Saanich Incentive Program which ranged from -2.1 to -1.8 (Bigazzi et al., 2024b).

Table 15. Price elasticity of e-bike purchase demand

Variable S350 rebates  $1,000 rebates  $1,400 rebates All rebates
Average marginality! 0.21 0.51 0.62 0.58
Pre-rebate price $3,591 $3,410 $3,092 $3,166
Implied price elasticity -2.30 -2.06 -1.60 -1.71

! Likelihood of not making an e-bike purchase without the rebate

1.4.2.3 Regression Model of E-Bike Purchase Marginality

Weighted Dirichlet regression model results for the likelihood of alternative purchase behaviours
(if rebates had not been available) are presented in Table 16. The model was specified with three
alternative behaviours: purchasing the same e-bike (reference level), purchasing a different e-
bike, and not purchasing an e-bike (i.e., being a marginal purchase). The model was estimated on
956 observations (excluding participants who did not answer the alternative purchase behaviour
guestion). Table 16 summarizes the estimated model parameters as odds ratios for two
alternatives: no purchase and other e-bike purchase, each in comparison to the reference
alternative of making the same purchase. Odds ratios greater than one indicate variables that
increase the likelihood of that alternative, relative to the reference of making the same purchase,
while odds ratios less than one indicate variables that decrease the relative likelihood of that
alternative. The primary alternative of interest is “No purchase”, as it reflects the likelihood of
the rebate generating a marginal purchase. P-values less than 0.05 in Table 16 indicate variables
for which we have 95% confidence that the odds ratio is not 1 (i.e., variables that relate to the
likelihood of alternative purchase behaviours).

Estimated model parameters in Table 16 indicate that receiving a higher rebate value, having at
least a college certificate, being a commuter, and living in an area with warmer winter
temperatures increase the likelihood of a purchase being marginal. The likelihood of a purchase
being marginal decreases with e-bike price, purchaser age or household income, and if the
purchaser reported cycling or e-biking pre-purchase. All aforementioned variables are
statistically significant at p<0.05. Only rebate value is statistically significant (p<0.05) for the
“Other e-bike” alternative, with higher rebate values increasing the likelihood of purchasing a
different e-bike (rather than the same e-bike) if the rebate had not been available. The relative
likelihood of the “Other e-bike” alternative decreases with rebate value relative to the likelihood
of the “No purchase” alternative because the odds ratio on rebate value is smaller (closer to 1.0).
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Table 16. Estimated Dirichlet model for likelihood of alternative® purchase behaviours (without rebate)

Alternative: Alternative:
Variable Variable (unit, if applicable) no purchase other e-bike
category Odds Odds
. P-value . P-value
ratio ratio
Intercept 1.13 0.90 0.90 0.92
Rebate value ($100) 1.11 <0.01 1.04 0.03
Purchase . .
E-bike price ($100) 0.99 <0.01 1.00 0.41
Flag (missing e-bike price response) 0.58 0.20 0.97 0.94
Man (exclusive)? 1.14 0.15 1.08 0.42
Age (10) 0.91 <0.01 1.02 0.60
Flag (missing age response) 1.55 0.30 0.99 0.98
Personal College certificate? 1.32 0.02 1.16 0.22
Flag (missing education response) 0.84 0.59 0.93 0.84
Physical disability? 0.81 0.28 0.78 0.24
Non-white? 1.16 0.16 1.14 0.25
Natural log of income (In($10,000)) 0.87 0.03 0.94 0.35
Flag (missing income response) 1.06 0.66 1.00 1.00
3+ adults in household? 1.13 0.29 1.16 0.24
Children in household? 0.98 0.85 1.04 0.72
Household  Fewer cars than adults? 1.01 0.94 1.09 0.40
Conventional bikes per adult 1.10 0.51 1.02 0.90
Detached or semi-detached dwelling? 1.10 0.42 0.87 0.26
Bike parking inside? 1.04 0.67 1.11 0.26
Flag (missing bike parking response) 0.81 0.40 0.90 0.70
Cycling pre-purchase 0.82 0.02 1.00 0.97
E-biking pre-purchase 0.73 0.02 0.91 0.46
Automobile PKT pre-purchase (100 km/wk) 1.03 0.47 1.01 0.85
Travel Flag (imputed automobile km/day)3 1.24 0.43 1.05 0.86
Comfort riding on local streets (from -2 to +2) 0.98 0.61 1.01 0.87
Share of expected e-bike use by the purchaser 0.75 0.21 0.84 0.49
Commuter? 1.25 0.02 1.09 0.39
Fuel price ($/L) 0.88 0.79 0.65 0.41
Population density (100 people/km?) 1.00 0.33 1.00 0.58
Average annual precipitation (m) 0.96 0.62 1.01 0.92
Context Average winter temperature (°C) 1.04 0.03 1.04 0.09
Non-auto access score 0.82 0.25 0.90 0.55
Biking infrastructure density (weighted km/km?) 1.01 0.80 1.02 0.44
Average absolute road grade (0.01 m/m) 1.13 0.90 0.90 0.92

! Reference level: Same purchase
2 The reference levels for these binary variables include “Prefer not to answer” and missing responses
3 Mean km/day for other people reporting the same days/week of use

The model results for purchase marginality are illustrated in Figure 15 for two hypothetical
purchasers with annual household incomes of $50,000 and $150,000, and other attributes at the
sample mean. The lines show how the modelled likelihoods of each alternative purchase
behaviour (without the rebate) vary with rebate value. As rebate value increases, the likelihood
of a “No purchase” alternative (i.e., that the observed purchase was marginal) increases, and the
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likelihood of making the same purchase decreases. The likelihood of purchasing a different e-bike
is not greatly affected by rebate value, but decreases slightly. At all rebate levels, purchasers from
lower income households are more likely to make a marginal purchase, compared to purchasers
from higher income households.

60% 1

50% A

40%

30% 1

20% 1

Likelihood of alternative purchase

10% 4 —— No E-Bike Purchase ($50k income) - == No E-Bike Purchase ($150k income)
—— Same Purchase ($50k income) === Same Purchase ($150k income)
- QOther E-Bike Purchase ($50k income) === Other E-Bike Purchase ($150k income)
$200 $400 $600 $800 $1,000  $1,200  $1,400  $1,600  $1,800  $2,000

Rebate amount

Figure 15. lllustration of modelled likelihood of alternative outcome without BC purchase rebate

Purchase model results show that larger rebates generate more marginal purchases, and also
reveal varying sensitivity of different purchasers to the influence of rebates. Factors that increase
marginality (i.e., odds ratios greater than 1 for the “No purchase” alternative in Table 16) reflect
greater sensitivity of purchase decisions to rebates. We can expect that rebates are more
effective when given to potential purchasers with these attributes because the rebate is more
likely to generate a marginal purchase (one that would not have happened without the rebate).
Varying marginality across purchasers can also be important for consequent program effects on
mode shift if marginality relates systematically to how the e-bikes are used (which we examine
in the usage analysis below).

At a given rebate value, the rebate tends to be less effective in generating marginal purchases
when the (pre-rebate) e-bike price is higher, which is expected because the rebate represents a
smaller portion of the total e-bike price. Older purchasers are less sensitive to rebates, while
those with higher educational attainment are more sensitive. People in higher-income
households are generally less sensitive to costs, which appears to apply to e-bike rebates as well.
People who regularly commute are more sensitive to rebates, perhaps reflecting a more
utilitarian approach to the e-bike purchase decision. In contrast, people who already cycle or e-
bike are less sensitive to rebates, perhaps because non-cost aspects of cycling influence their
decision more. Purchasers living in areas with colder winter climates are less sensitive to rebates,
possibly for the same reason.
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Table 17 presents select model variables in terms of the rebate dollar equivalent needed to offset
the effect of that attribute on purchase marginality (all else being equal). For example, $S44 larger
rebates are needed to achieve the same likelihood of a marginal purchase for people in a
household with $50,000 higher income.?® Because people with at least a college certificate are
more sensitive to rebates, a $257 smaller rebate achieves the same marginality (or inversely,
$257 larger rebates are needed to induce the same behaviour change from people who do not
have at least a college certificate). Rebates are more likely to generate marginal purchases when
targeted toward lower-income households, purchases of lower-priced e-bikes, younger people
with higher educational attainment who commute regularly but are not already cycling or e-
biking, and people living in areas with warmer winter climates. Some of these relationships are
potentially important for mode shift as well, because the induced (marginal) purchases are
disproportionately made by people who regularly commute but were not previously cycling or e-
biking.

Table 17. Dollar value of rebated needed to achieve the same marginality
Rebate value to offset

Variable modelled effect
Increase in bike price by $100 +512
Increase in age by 10 years +591
Having college certificate -$257
Increase in HH income by $50k! +544
Cycling before purchase at least once / week +$188
E-biking before purchase at least once / week +5286
Being a commuter -$208
Increase in average winter temperature by 10°C -$399

! From mean value of $68,000

1.4.2.4 Summary: Rebate-Driven Purchases

Rebate recipients purchased e-bikes with an average price of $3,187, paying an average of $1,887
after the rebate. A small share (2.1%) of participants also reported receiving other supplementary
incentives to purchase the e-bike, which averaged $930. E-bike price was inversely related to
rebate value, showing that the rebates were primarily used to decrease cost rather than acquire
a more expensive e-bike. This inverse relationship also enhanced the relative effectiveness of
higher-value rebates, because they covered an even larger share of the e-bike price. Although
rebate value decreased with higher household income, most recipients in high-income
households (over $150,000 per year) were still able to qualify for the largest $1,400 rebates due
to low personal income. Rebate value also decreased with recipient age.

26 Compared to the average of $68,000 in the modeling sample
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A minority of participants (35%) expected to share use of the e-bike with others. The most
important self-reported considerations for e-bike purchase decisions were cost, desire for mode
substitution, physical effort to ride, and riding distance. Lower-income purchasers gave relatively
more consideration to purchase cost, riding distance, and riding comfort, and relatively less
consideration to physical effort, carrying children, and riding speed.

The program was effective in generating new (marginal) e-bike purchases, as the average self-
reported likelihood of not purchasing an e-bike without the rebate in the sample was 58%,
increasing from 21% to 62% with rebate value. At a given value, rebates were more likely to
generate marginal purchases when used to purchase lower-priced e-bikes, and when received by
younger people, in lower-income households, in milder winter climates, with higher educational
attainment, who commute regularly, but who were not previously cycling or e-biking. These
relationships are promising for mode shift potential because rebates disproportionately induce
marginal purchases by people who regularly commute but are not already cycling or e-biking.

For context, the marginality of purchases in the Saanich e-bike incentive program were slightly
higher, ranging from 24% to 75% with rebate values of $350 to $1,600?7 (Bigazzi et al., 2025). The
difference in marginality may be due to differences in the income qualifications between the
programs (primarily individual vs. household criteria), as well as demographic and geographic
differences in the factors that can influence marginality such as educational attainment, previous
cycling or e-biking, and annual precipitation. Overall, the price sensitivity of purchasers implied
by the marginality values is consistent with expectations based on pre-program economic
modelling (Bigazzi and Berjisian, 2021).

1.4.3 E-Bike Usage
1.4.3.1 Overall Experience

Figure 16 summarizes participant self-reported experience with their new e-bike at Waves 2 and
3 (i.e., after approximately 3 and 12 months of ownership), compared to their pre-purchase
expectation. The mean response is positive for all categories. “Enjoyment/fun” and “Overall
experience” exceeded expectations the most, and “Parking” the least. These results were
consistent after a year of ownership. Participants reported using their e-bikes more frequently
than expected, and with greater comfort and perception of safety.

27 Adjusting for inflation and rebate amount, the marginality for the Saanich program was larger by a factor of
approximately 1.2 (Polikakhina et al., 2025).
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Figure 16. Reported experience with the new e-bike, compared to pre-purchase expectations.
1.4.3.2 Comfort cycling

Figure 17 presents self-reported levels of cycling comfort on various facility types in each wave.
Comfort levels are steady across waves despite increasing cycling (described below). The same
result was reported in a study of the Saanich incentive program (Bigazzi et al., 2025). This
potentially surprising outcome may be due to e-biking experience on different facility types
generally aligning with expectations and previous cycling experience.

Separated
bike lanes
=
Q
<
®
N

=

ave 3

n Wave 1
-c(])
5
€= Wave 2
o9
a =

<9 Wave 3

B Very uncomfortable Somewhat comfortable
Somewhat uncomfortable ~ M Very comfortable

Figure 17. Cycling comfort by survey wave and facility type
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In Wave 3 of the study, we also asked participants what category best describes their attitude
towards cycling, sometimes referred to as Geller’s “4 types of cyclists” (Geller, 2006).%2 This
cycling attitude was reported approximately one year after e-bike purchase, although as shown
above in Figure 17, cycling comfort did not change substantially over time. Figure 18 presents the
weighted distribution of the self-reported cyclist types of rebate recipients. We find that most
participants (66%) identify as “enthused and confident”, with another 22% identifying as
“interested but concerned” and the remaining 13% identifying as “strong and fearless”.

Interested but concerned
I Enthused and confident
Strong and fearless

Figure 18. Self-identified attitude towards cycling

1.4.3.3 Considerations for E-bike Use

Self-reported “main considerations in deciding whether to use [the] new e-bike versus another
mode of travel” are shown in Figure 19 for each survey wave. On average, the highest-ranked
consideration was “weather”, followed by “fun”, “physical exertion”, and “travel distance”.
Surprisingly, “riding facilities” was not highly ranked, while “bike parking” was moderately
ranked. Weather consideration increased the most across waves, with the highest ranking in
Wave 2, which was primarily completed during the fall and winter months. Consideration of
“cargo” also increased over time. Inversely, considerations of “travel distance”, “bike parking”,
“accompanying travelers”, “environmental impacts”, and “riding facilities” decreased over time.
These results align with Figure 16, indicating that relatively positive experiences assuaged some
participant concerns about factors such as safety and parking. On the other hand, weather
emerged as a primary factor that increased in importance over time, perhaps due to negative
experiences e-biking in inclement weather. Although cycling infrastructure is generally a key
factor for cycling participation, it is also a fairly static feature of the environment, and so
participants may have considered it less for trip-level mode decisions than more dynamic factors
like weather and trip distance.

28 We intentionally omitted the “no-way, no-how” option from the typology, as the survey sample consisted of e-
bike purchasers
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Figure 19. Main considerations in using e-bike across survey waves

1.4.3.4 Recent E-Bike Trips

Table 18 presents a summary of the 2 most recent return trips on the purchased e-bike reported
in each wave (first averaged within persons, with 81% to 87% of participants reporting in each
wave). Average return trip length and time between trips both increased slightly across waves.

Table 18. Summary of two most recent return trips on the purchased e-bike

Wave Partic.ipan'Fs Trips reported Ayerage return Averagef time
reporting trips trip length (km)  between trips (days)
Wave 1 831 1,659 16.2 3.4
Wave 2 484 965 16.6 4.7
Wave 3 385 768 17.2 4.6
Overall 1,700 3,392 16.5 4.0

Figure 20 shows the distributions of trip purposes for reported e-bike trips across the three
survey waves. The most common trip purposes are exercise/leisure (with no primary

Impacts of BC E-Bike Rebates — Final Report: Part 1, September 2025 40



destination), shopping/errands, commuting to work/school, and social/recreational/dining. Few
trips (£2%) are for work (other than commuting). The share of exercise/leisure trips decreased
over time, while the shares of social/recreational/dining and escort/chauffeur trips increased.

Wave 1 A
Wave 2 A
Wave 3 A
Exercise or leisure Social or recreational | }lg%:l;-rntagr?(iommuting)
I Work or school I Escort or chauffeur B Other

I Shopping or errands

Figure 20. Distribution of e-bike trip purposes by wave

Figure 21 shows the distribution of trip purposes for reported e-bike trips (in any wave) by rebate
value. Recipients of the $350 rebates reported the highest share of exercise/leisure trips and the
lowest share of shopping/errands trips. Recipients of the $1,400 rebates reported the highest
shares of utilitarian (commuting and shopping/errand) trips, and the lowest share of
exercise/leisure trips.

$350 rebate - 20% 13%
$1000 rebate 16% 21%
$1400 rebate 21% 23%

Exercise or leisure Social or recreational . Yggrzlé_rr?:\aat:?:ommuting)

I Work or school I Escort or chauffeur EEE Other
I Shopping or errands

Figure 21. Distribution of e-bike trip purposes by rebate value

Figure 22 shows the distribution of trip purposes for reported e-bike trips (in any wave) by
metropolitan region. Utilitarian trips are most common in the larger metropolitan areas of
Vancouver and Victoria, whereas participants in the Kelowna area and Elsewhere in BC reported
larger shares of exercise/leisure trips.
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Figure 22. Distribution of e-bike trip purposes by metropolitan region

1.4.3.5 E-Bike Mode Substitution

For each reported e-bike trip (described in the previous Section 1.4.3.4), participants were asked
to report the likelihood of using other travel modes for the trip, if they had not purchased the
incentivized e-bike (including options for using a different e-bike and not making the trip at all).
Figure 23 presents distributions of those alternative travel modes for e-bike trips by rebate tier.
The distribution of alternative modes is fairly consistent across rebate values, with automobile
being the most likely substituted mode (35% to 39%) followed by conventional cycling (16% to
21%). The next most likely alternative was not making the trip, revealing that 15% to 18% of
reported e-bike trips were new or induced. Transit mode substitution was higher for recipients
of the $1,400 rebates (at 10%) vs. others (at 6%).

39% 6%
35% 6%
39% 10%

I would not have
made the trip

$350 rebate

$1000 rebate

$1400 rebate

[ Walking E-biking I Taking transit
I Cycling I Auto [ Other

Figure 23. Distribution of travel modes replaced by the purchased e-bike across rebate values

Figure 24 shows the distributions of alternative travel modes by survey wave. The likelihood of
new or induced trips (would not have made the trip without the purchased e-bike) decreased
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over time, while the likelihood of e-biking on a different e-bike increased, perhaps reflecting a
growing commitment to the mode.

Wave 1 40% 8%
e
Wave 3 38% 10%

| would not have

[ Walking E-biking B Taking transit made the trip

I Cycling BN Auto [ Other

Figure 24. Distribution of travel modes replaced by the purchased e-bike across survey waves

Figure 25 presents the distributions of alternative travel modes by household income. Alternative
mode distributions are surprisingly stable across income levels, and there are few clear upward
or downward trends with income. Automobile mode substitution is highest at moderate to high
income tiers while transit mode substitution is highest for the lowest income tier.

Less than $25,000 36% 13%

$25,000 - $50,000 33% 9%
$50,000 - $75,000 40% 8%
$75,000 - $100,000 41% 9%

44% 8%

8%

$100,000 - $150,000

More than $150,000

| would not have

[ Walking E-biking I Taking transit made the trip

B Cycling Bl Auto [0 Other

Figure 25. Distribution of travel modes replaced by the purchased e-bike across household income levels

Figure 26 presents the distributions of alternative travel modes by metropolitan region.
Participants in Vancouver reported the highest likelihoods of replacing transit travel with e-bike
trips, followed by participants in Victoria. Participants in Kelowna had the most distinct
distribution of alternative travel modes, with more conventional cycling, other e-biking, and new
or induced trips than other regions. The likelihoods of automobile mode substitution with e-bike
trips were highest in the Victoria region and Elsewhere in BC. These distributions of alternative
modes somewhat reflect pre-purchase travel differences by region (Table 9), except that the
participants in Kelowna had the highest automobile use and lowest e-bike use pre-purchase.
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Figure 26. Distribution of travel modes replaced by the purchased e-bike across metropolitan regions

Figure 27 presents the distributions of alternative travel modes conditioned on whether the
participant regularly cycled before the e-bike purchase.?® The distributions are more distinct than
comparisons across rebate value, survey wave, income, or region, with participants who cycled

pre-purchase reporting much higher likelihoods of e-bike trips replacing conventional bicycle or
other e-bike use, and lower likelihoods of all other alternatives.

45% 10%

33% 8%

Did not cycle before purchase

Cycled before purchase

| would not have

[ Walking E-biking I Taking transit made the trip

B Cycling BN Auto [ Other

Figure 27. Distribution of travel modes replaced by the purchased e-bike across pre-purchase cycling habits

Figure 28 presents the distributions of alternative travel modes by self-reported attitude towards
cycling (see Section 1.4.3.2). The least confident cyclist type in the survey (“interested but
concerned”) reported replacing the most walking, the least conventional cycling, and making the
most new trips. The most confident cyclist type (“strong and fearless”) reported the highest rates
of replacing conventional cycling, and the lowest rates of replacing walking or making new trips.
Interestingly, automobile mode substitution is consistent across all three groups of cyclists.

2 pefined as using a conventional bicycle or e-bike at least once a week at Wave 1.
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Figure 28. Distribution of average travel modes replaced by the purchased e-bike across self-reported
cycling attitude

Table 19 shows the joint distribution of trip purpose and alternative travel mode for the 3,352
reported trips on the purchased e-bikes (without missing purpose or alternative mode
responses). The three most common combinations (>10% of observed trips) were shopping or
errand trips that would have been made by automobile, commuting trips that would have been
made by automobile, and exercise or leisure trips that would not have been made at all (i.e., new
or induced trips). Most of the new or induced trips are for exercise or leisure, which is also the
most common trip purpose for trips that would have been made by walking, conventional bicycle,
or another e-bike. In contrast, e-bike use that is substituting for automobile or transit modes is
predominantly utilitarian (for commuting, shopping, or errands).

Table 19. Joint distribution of modes replaced and trip purpose for reported e-bike trips

Conventional New All
Trip purpose Walking bicycle E-bike Automobile Transit trip | modes!
Exercise or leisure 6% 7% 3% 4% 1% 11% 31%
Commuting (work or school) 2% 3% 1% 11% 4% 0% 21%
Shopping or errands 3% 3% 1% 12% 2% 1% 22%
Social, recreational, or dining 2% 3% 1% 8% 2% 2% 18%
Escort or chauffeur 1% 0% 0% 1% 0% 0% 3%
Work-rela'Fed (other than 0% 0% 0% 1% 0% 0% 2%
commuting)

Other purpose 0% 1% 0% 1% 0% 1% 4%
All purposes 13% 17% 7% 38% 9% 16% | 100%

1 “Other” mode not shown (<1%)

Participants were also asked whether the total trip length would have been different if they had
used the alternative travel modes; 17% reported the trip length would increase (by an average
of 33% or 5.5 km) and 27% reported trip length would decrease (by an average of -34% or -6.4
km). These changes in trip length were combined with the alternative travel mode likelihoods
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and trip length for each e-bike trip to estimate net PKT changes for each mode resulting from e-
bike usage (see Section 1.3.5 above). Table 20 presents the average net changes in PKT for each
travel mode per reported e-bike trip. Each return trip on the purchased e-bike generates a 3.6
km increase in total travel, with 15.2 km of new e-bike use (which would not have occurred
without the purchase) mostly displacing travel by other modes (predominantly 5.9 km of
automobile use). New e-bike travel and displacement of other modes are highest for the $350
rebate recipients due to longer reported e-bike trips.

Table 20. Average net changes in PKT due to each reported trip on purchased e-bike

Travel mode $350 rebates  $1,000 rebates $1,400 rebates All rebates
Walking -1.7 -1.2 -1.2 -1.3
Conventional bicycle -3.9 -3.5 -2.5 -2.7
E-bike 19.2 16.6 14.6 15.2
Automobile -7.0 -5.9 -5.8 -5.9
Transit -1.4 -1.0 -1.7 -1.6
Other -0.0 -0.0 -0.1 -0.1
Total 5.0 5.0 33 3.6

1.4.3.6 Usage from Odometer Data

Most participants (85%) reported having an odometer on their purchased e-bike. Table 21 shows
the number of respondents reporting their odometer readings in each wave, along with the mean
and standard deviation of odometer readings (in km).

Table 21. Odometer data summary by study wave
Wave 1 Wave 2 Wave 3

Number of observations 748 433 319
Odometer reading: mean (km) 127 548 1,490
Odometer reading: standard deviation (km) 218 536 1,758

Table 22 summarizes the changes in odometer readings between waves (for participants who
reported readings in multiple waves). We computed the average weekly e-bike usage from the
odometer data by differencing the odometer readings and dividing by the number of weeks
between readings. Short-term usage over the first 3 months between Waves 1 and 2 averaged
32 km/wk, and long-term usage over the following 9 months between waves 2 and 3 averaged
24 km/wk. Waves 1 and 2 straddled good-weather months of June to September, while usage
between Waves 2 and 3 included the winter season, which may explain lower usage, in addition
to potential novelty effects in the short run.
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Table 22. Summary of data from reported e-bike odometer readings

Wave 1to 2 Wave 2 to 3 Wave 1to 3
Number of observations 362 283 256
Change in odometer reading (km)?! 453 (452) 993 (1501) 1,451 (1,780)
Weeks between odometer readings * 14.9 (3.9) 39.8 (1.8) 54.4 (3.9)
Implied use (km/wk)?! 31.5(32.8) 24.1 (36.3) 26.7 (32.4)

! Mean (standard deviation)

1.4.3.7 Safety Incidents Experienced

At Waves 2 and 3, 7.5% and 8.2% of participants, respectively, reported they had experienced
“an incident where [they] fell to avoid contact, caused someone to fall, or made contact with
another person or vehicle” while using their new e-bike. The Wave 3 survey did not specify a
reporting time frame for safety incidents, so some events may have been reported in both Wave
2 and Wave 3. Figure 29 summarizes the highest severity of incident reported by each participant,
separately for those reporting incidents with motor vehicles (40%) vs. others. While most
participants reporting incidents (59%) suffered an injury of some kind, only 7% (6) went to
hospital, and 2% (2) stayed overnight in hospital. Given the small number of serious injuries and
potential for bias in incident reporting, we do not attempt to extrapolate crash or injury rates
from these data. But they do provide context for the other results and analysis.

At Wave 2 At Wave 3
(N = 16) (N = 16)

Crashes with
motor vehicles

(N =29) (N =21)

wheeled devices &
fixed objects

Crashes with pedestrians,

8 No injury, no property damage Il Serious (hospital visit, not overnight stay)
No injury (property damage only) [0 Very serious (overnight hospital stay)
I Minor (scrapes and bruises)

Figure 29. Severity distribution for participants reporting incidents in each wave, by incident type
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1.4.3.8 Summary: Use of Incentivized E-bikes

Overall, the study participants reported positive experiences with their purchased e-bikes which
exceed expectations. Fun stood out as a particularly positive and important aspect of owning and
using an e-bike. Weather also emerged as a primary consideration that increased in importance
over time, perhaps due to negative experiences e-biking in inclement weather. Participants
expressed concerns about the availability of safe places to ride and securing bike parking, and
although it appears that relatively positive experiences with riding comfort, safety, and parking
assuaged those concerns over time, general comfort cycling did not change over the year of e-
bike usage. Safety incidents were reported by 8% of participants, with 5% reporting an injury of
some kind (including scrapes/bruises) and <1% (6) involving a hospital visit.

Analysis of self-reported odometer data suggests long-term usage averaging 27 km/week.3° The
most common reported e-bike trip purposes were exercise/leisure (31%), shopping/errands
(22%), commuting to work/school (21%), and social/recreational/dining (18%). The share of
exercise/leisure trips decreased over time, while the shares of social/recreational/dining and
escort/chauffeur trips increased. Recipients of the larger, income-conditioned rebates reported
higher shares of utilitarian (commuting and shopping/errand) trips, and the lower shares of
exercise/leisure trips. Utilitarian trips were also most common in the larger metropolitan areas
of Vancouver and Victoria, whereas participants in the Kelowna area and Elsewhere in BC
reported larger shares of exercise/leisure trips.

The likelihood of e-bike trips substituting for other travel modes was highest for automobile
(38%), followed by conventional cycling (17%), walking (13%), and transit (9%). In addition, a large
share of e-bike trips (16%) were new or induced (i.e., would not otherwise have been made). The
most remarkable difference in mode substitution was that participants who cycled pre-purchase
reported much higher likelihoods of e-bike trips replacing conventional bicycle or other e-bike
use, and lower likelihoods of replacing automobile use and other alternative modes. The
observed combinations of trip purpose and alternative travel mode are illustrated in Figure 30,
showing that the most common alternatives were utilitarian trips (shopping, errands, or
commuting) that would have been made by automobile and exercise or leisure trips that would
not have been made at all.

30 Only for the subset of participants who reported odometer data in multiple survey waves.
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Figure 30. Reported trip purpose and modes replaced by trips on the purchased e-bike (only cells >2% are
labelled; “other” alternative mode not shown)

The average changes in travel (PKT) attributable to the reported e-bike trips are illustrated in
Figure 31, which combines mode substitution and alternative trip length data. Each return trip
using the purchased e-bike generated 3.6 km net new travel on average, with 15.2 km of new e-
biking displacing 5.9 km of travel by automobile and 5.7 km of travel by other modes.

These results generally align with other literature on e-bike usage and mode substitution,
particularly in the North American context (Bigazzi and Berjisian, 2021, 2019; Bigazzi and Wong,
2020; Bucher et al., 2019; Cairns et al., 2017; Dekker, 2013; Hiselius and Svensson, 2017; Johnson
et al., 2023; MacArthur et al., 2018a; Sundfgr and Fyhri, 2022). The rate of automobile mode
substitution overall is slightly lower than reported in the Saanich study of 40% to 44% (Bigazzi et
al., 2025), however that rate aligns with 42% rate for participants in the Victoria region alone
(Figure 26).
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Figure 31. lllustration of average PKT changes attributable to the reported e-bike (return) trips

1.4.4 Travel Habits
1.4.4.1 Vehicle Ownership

Figure 32 shows household motor vehicle, bicycle, and e-bike ownership in each study wave (for
participants who completed all 3 waves), regardless of household composition. Average motor
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Figure 32. Household motor vehicle, bicycle, and e-bike ownership across survey waves
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vehicle ownership fell slightly from 1.60 to 1.55 between Waves 1 and 3, while the share of “zero-
car” households increased slightly from 11% to 13%. Concurrently, conventional bicycle
ownership decreased while e-bike ownership increased through extra purchases beyond the

incentivized e-bike.

1.4.4.2 Commute Mode

Participants who reported regularly commuting to work or school were asked to rank their
commute modes by frequency at each wave.3! Assigning points to each rank (from 1 to 5 for least
to most frequent, with O representing no rank), Figure 33 presents the average ranking of
commute modes across waves for those who reported commuting at all waves. Results show
increasing use of e-bikes to commute across all three study waves, accompanied by reductions
in commuting by automobile, cycling, transit, and walking. Over time, e-biking became the mode
with the highest average ranking, surpassing automobile. At Wave 1, 28% of commuting
participants ranked e-biking as the primary commute mode and at Wave 3, 52% of the same
participants did. For automobile, this share decreased from 36% to 32%.
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Figure 33. Average commute mode ranking across survey waves*?

1.4.4.3 Weekly Travel Habits

This section summarizes typical weekly travel habits for participants who purchased an e-bike
prior to Wave 2 and still owned it at Waves 2 and 3. Wave 1 responses represent pre-purchase
behaviour and responses in Waves 2 and 3 represent behaviour after 3 and 12 months of
ownership, respectively (although not all changes are due to e-bike ownership). Figure 34 shows
average weekly PKT by mode at each survey wave. The amount of e-biking increased substantially

31 Wave 1 commute responses were for the previous month, which was post-purchase for most participants.
32 For those who reported commuting at all waves, N = 139
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after Wave 1 and then slightly more after Wave 2. Automobile PKT decreased after Wave 1 and
then partially rebounded after Wave 2, but not at the expense of e-biking. A similar pattern is
observed for conventional cycling and walking. Average total weekly PKT fell from 179 to 170
between Waves 1 and 2, and then rose to 184 in Wave 3.33 A small net increase in average weekly
travel is consistent with the (induced) e-bike trips reported above. On average, after a year of e-
bike ownership, study participants reported a 42 km increase in weekly e-biking, a 19 km
decrease in weekly travel by automobile, an 11 km decrease in weekly conventional cycling, a 5
km decrease in weekly transit use, and a 3 km decrease in weekly walking.

100 4 —e— Walking
—=— Cycling
60 — — E-Biking
—<— Auto
E 60 —~— Taking transit
5 +— Other
]
%’ 40
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Figure 34. Weekly PKT by mode across survey waves3*

Some of the changes in weekly PKT by travel mode in Figure 34 reflect net changes in weekly PKT
over time (due to seasonality and other factors), and not only travel mode substitution related
to e-bike ownership. Figure 35 presents the average weekly distribution of PKT across travel
modes by survey wave. After e-bike purchase (in Waves 2 and 3), the share of weekly PKT by e-
bike increased by a factor of 6, while the shares by all other modes decreased, particularly by
conventional bicycle and automobile. Nearly identical mode shares at Waves 2 and 3 in Figure 35
indicate equivalent short-run and long-run impacts of e-bike purchase on weekly travel habits.
Half of the increased share of e-biking (+24%pt3°) replaced automobile travel (-12%pt), with most
of the rest replacing conventional cycling (-7%pt).

33 Waves 1 and 3 were primarily completed in the summer and early fall, while Wave 2 was primarily completed in
fall and winter; traffic volumes tend to be highest in summer and lowest in winter.

34 For those who took all three survey waves and owned an e-bike at Waves 2 & 3 (N=440)

35 percentage points
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Figure 35. Distribution of weekly PKT across travel modes by survey wave®

Figure 36 shows the weekly PKT by mode for each rebate tier. The patterns are similar across the
three rebates tiers, and without clear effects of increasing rebate value (i.e., the middle rebate
tier may have the highest or the lowest value, rather than the values increasing or decreasing
with rebate value). Any differences across rebate values should be interpreted with caution due
to the small sample size (N=25) of $350 rebate recipients completing all three survey waves.
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Figure 36. Weekly PKT by mode and rebate value®*

Figure 37 separates weekly PKT by mode for participants who did and did not cycle pre-purchase.
Both groups substantially increased their e-bike use in Wave 2 and further increased it in Wave
3, although the increase by those cycling pre-purchase was larger. That group’s conventional
cycling fell to a rate similar to their pre-purchase e-bike use, resulting in a large net increase in
cycling overall. Weekly PKT by automobile was similar for both groups and initially fell more for
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the group that did not cycle pre-purchase, but then also substantially rebounded for that group
in Wave 3 (although still not at the expense of e-bike use).

Cycled pre-purchase. N = 254 Did not cycle pre-purchase. N = 189
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Figure 37. Weekly PKT by mode by pre-purchase cycling habits**

Figure 38 presents weekly PKT by mode at each wave by self-reported cyclist type categories.
Those who were the least confident cycling (“interested but concerned”) reported the smallest
increase in e-biking and smallest reduction in automobile use. The most confident cyclists
(“strong and fearless”) reported the largest increase in e-biking as well as the greatest reductions
in automobile use and conventional cycling. Moreover, their Wave 3 weekly e-bike PKT was
greater than their weekly PKT by automobile. The overall weekly PKT (by any mode) for “strong
and fearless” participants was the highest and most consistent across survey waves, reflective of

proportionally more mode substitution and fewer induced trips from e-bike use (Figure 28Figure
38).
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Figure 38. Weekly PKT by self-reported cycling attitude®®

1.4.4.4 Long-Term Changes in Travel Habits

Figure 39 presents the change in PKT by each travel mode between survey Waves 1 and 3,
segmented by rebate value. Recipients of the two larger rebates reported similar increases in e-
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Figure 39. Average changes in weekly PKT by mode between Waves 1 and 3, by rebate value*

36 For those who took all three survey waves, owned an e-bike at Waves 2 & 3, and responded to the cycling attitude
question (N=428)
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biking of around 42 km/wk, and decreases in automobile and conventional bicycle use of around
19 and 12 km/wk, respectively. Recipients of the $350 rebates reported a larger increase in e-
biking of 50 km/wk and a larger decrease automobile use of 34 km/wk, although as above these
results should be interpreted with caution due to the small sample size (N=25) of $350 rebate
recipients completing Wave 3.

Figure 40 shows the change in weekly PKT by each travel mode between Waves 1 and 3,
segmented by household income. In general, lower income households reported larger increases
in total travel and e-biking, and a smaller decrease in automobile usage, although the patterns
do not follow a consistent upward or downward trend across income levels. Reductions in
conventional cycling are similar across income categories, and a reduction in transit use is most
pronounced for those with household income under $25,000. E-bike ownership appears to be
used to increase access more for lower-income households, and enable automobile mode shift
more for higher-income households.
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Figure 40. Average changes in weekly PKT by mode between Waves 1 and 3, by household income®*

Figure 41 presents the change in weekly PKT by each travel mode between Waves 1 and 3,
segmented by metropolitan region. Participants in the Victoria region reported the largest
increase in e-biking and smallest decreases in automobile use and conventional cycling, leading
to alarge increase in total weekly travel. Consistent with the reported recent e-bike trips (Section
1.4.3 above), participants in the Kelowna region reported the most distinct travel behaviour, with
the largest decreases in automobile use and conventional cycling, and an increase in transit use;
these results should be interpreted with caution due to the small sample size (N=22) of Kelowna
participants completing Wave 3.
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Figure 41. Average changes in weekly PKT by mode between Waves 1 and 3, by metropolitan region®’

1.4.4.5 Regression Model of Automobile and E-bike PKT across Waves

Table 23 presents estimation results for weighted negative binomial regression models32 of
weekly automobile and e-bike person-kilometers traveled (PKT) in each study wave (see model
description in Section 1.3.7.3 above). The estimated model parameters are reported as the
proportional change in weekly PKT associated with a one-unit increase in each independent
variable. For examples, a proportional change of 0.04 for “Age (10 y)” in the automobile PKT
model indicates that every 10-year increase in age is associated with 4% higher weekly PKT by
automobile. In the e-bike PKT model, proportional changes of -0.17 for “Season: fall or spring”
and -0.73 for “Season: winter” indicate that reported weekly PKT by e-bike is 17% lower in the
fall or spring and 73% lower in winter, compared to summer. P-values less than 0.05 in Table 23
indicate variables for which we have 95% confidence that the proportional change is not O (i.e.,
variables that relate to the weekly PKT by automobile or e-bike).

The variable of primary interest in the PKT models is “After e-bike purchase”, which represents
the intervention effect of purchasing an incentivized e-bike on weekly PKT by automobile and e-
bike, after controlling for all the other factors in Table 23. These estimated parameters for “After
e-bike purchase” indicate that weekly PKT by automobile fell by 20% and weekly PKT by e-bike
increased by a factor of 16 after purchase of the incentivized e-bike (both statistically significant
at a 95% confidence level).

37 For those who took all three survey waves and owned an e-bike at Waves 2 & 3 and did not move metropolitan
region between waves (N=433)
38 Overall all model fits were R?=0.48 for automobile PKT and R?=0.12 for e-bike PKT.
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Table 23. Negative binomial mixed regression model results for weekly automobile and e-bike PKT

. Automobile PKT E-bike PKT
Variable Variable Pro i - i R
category portional P Proportional P

change value change value
After e-bike purchase -0.20 <0.01 15.71 <0.01
Rebate value ($100) 0.01 0.37 -0.01 0.66
Purchase -
Purchase marginality 0.23 <0.01 -0.31 <0.01
Flag (missing marginality response) 0.18 0.09 0.44 0.01
Man (exclusive)? 0.07 0.09 0.20 <0.01
Age (10) 0.04 <0.01 0.08 <0.01
Flag (missing age response) -0.23 0.34 -0.09 0.90
Personal College certificate 0.19 <0.01 -0.09 0.23
Flag (missing education response) -0.12 0.43 0.33 0.33
Physical disability! -0.06 0.52 0.09 0.55
Non-white! 0.01 0.89 0.04 0.56
Natural log of income (In($10,000)) 0.15 <0.01 -0.10 0.01
Flag (missing income response) 0.12 0.06 -0.05 0.58
3+ adults in household? 0.15 <0.01 0.03 0.68
Children in household? 0.23 <0.01 0.01 0.86
Household .
Motor vehicles per adult 0.86 <0.01 -0.04 0.61
Conventional bikes per adult -0.02 0.55 -0.05 0.28
Bike parking inside! 0.11 0.01 0.11 0.08
Flag (missing bike parking response) -0.11 0.32 -0.27 0.14
Comfort riding on painted bike lanes (from -2 to +2) 0.01 0.53 0.02 0.34
Commuter! -0.04 0.43 0.67 <0.01
Travel Cycling pre-purchase 0.09 0.04 0.35 <0.01
Experienced injury crash with new e-bike -0.11 0.40 0.09 0.57
Flag (imputed automobile km/day)? 0.21 0.11 N/A?
Flag (imputed e-bike km/day)? N/A% 6.67 <0.01
Fuel price ($/L) -0.30 0.10 1.10 0.01
Population density (100 people/km?) -0.01 0.03 0.00 0.51
Season: fall or spring? -0.03 0.46 -0.17 <0.01
Season: winter? 0.10 0.31 -0.73 <0.01
Context Annual precipitation (m) -0.03 0.34 -0.10 0.08
Average winter temperature (°C) 0.01 0.07 0.02 0.09
Non-auto access score -0.28 <0.01 0.14 0.21
Biking infrastructure density (weighted km/km?) 0.02 0.21 -0.04 0.05
Average absolute road grade (0.01 m/m) 0.03 0.09 0.11 <0.01

! The reference levels for these binary variables include “Prefer not to answer” and missing responses

2 Mean km/day for other people reporting the same days/week of use
3 Reference level — summer
“Not applicable for this model

Other statistically significant parameters3® in Table 23 indicate that (besides the effect of e-bike
purchases) weekly PKT by automobile is higher for participants who are older, have at least a

39 Statistical significance defined using a confidence interval of 95% (p<0.05).
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college certificate, and live in larger households with children, more motor vehicle ownership,
higher income, an ability to park bicycles inside their home, and in areas with higher population
density but more limited non-automobile access to destinations (suggestive of suburban areas).
Statistically significant parameters3® indicate that weekly PKT by e-bike is higher in summer, when
fuel prices are higher, and for participants who are men, older, commuters, were already
conventional cycling pre-purchase, and live in households with lower income and in hillier areas
with lower biking infrastructure density. The counterintuitive parameters for the last two factors
of hills and biking infrastructure could reflect differences between conventional and electric
bicycles, with greater relative utility for e-bikes in hillier and sparser cycling networks.*® The
parameters on the “Purchase marginality” variable indicate that people whose purchase
decisions were more affected by the rebate (i.e., people who were less likely to have purchased
the e-bike without the rebate) had more weekly PKT by automobile and less by e-bike (separate
from the e-bike purchase effect).

We examined a selection of these control variables to see whether they affect (i.e., moderate)
how much e-bike and automobile PKT change after the e-bike purchase (i.e., the intervention).
For examples, we wanted to examine if factors like having a disability or living near more bike
infrastructure were associated with larger or smaller changes in automobile travel or e-bike use
after the purchase. Figure 42 shows how the effects of the e-bike purchase differ depending on
these moderating factors (full model results are given in Appendix C, Table 45).%! In the figure,
the “reference” effect shows the estimated change in weekly PKT when the moderating factor is
at its baseline value (either False for binary variables or zero for continuous variables). The
“moderated” effect shows the change in weekly PKT when the factor is True or increased by 1
unit. When the two effects are similar (i.e., the bars are a similar size), that factor does not greatly
influence how much travel behaviour changes after purchase. In contrast, large discrepancies in
the bar sizes indicate factors that are contextually import for the magnitude of impacts from e-
bike adoption.

The significant moderating effects at a 95% confidence level for change in automobile PKT post-
purchase are being a commuter (post-purchase automobile PKT fell by -28% for commuters but
only -14% for non-commuters) and household income (increasing household income from
$50,000 to $136,000 is associated with larger post-purchase automobile PKT reduction
from -20% to -28%). The significant moderating effects at a 95% confidence level for change in e-
bike PKT post-purchase are conventional cycling pre-purchase (e-bike PKT increased by a factor

40 |n other words, e-bikes “unlock” more latent demand for cycling in places that are less conducive to conventional
cycling. Hills and a lack of biking infrastructure are both deterrents to cycling, but present less of a barrier for electric
than conventional bicycle use. For example, some recent studies have reported that e-bikers are less sensitive to
cycling infrastructure quality than people on conventional bicycles (Arning and Kaths, 2025; de Freitas et al., 2025;
Meister et al., 2023).

41 Moderating effects were specified in the model as interacting variables with “After e-bike purchase”; each
potential moderating variable was examined in a separate model estimation.
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Figure 42. Moderators of the intervention (e-bike purchase) effect on automobile and e-bike PKT

of 10 for those not conventional cycling but by a factor of 28 for those previously cycling), being
a commuter (e-bike PKT increased by a factor of 19 for commuters and by a factor of 13 for non-
commuters), and using bike parking inside the home (e-bike PKT increased by a factor of 19 for
those with inside bike parking, and by a factor of 12 for those without). No moderating effect was
found for short- versus long-term travel behaviour changes (“Days since purchase” variable),
after accounting for time-varying factors such as weather and fuel price. Rebate value and
purchase marginality were also not significant moderators of the e-bike purchase effect.

Due to the non-linear regression model format, with a fixed proportional intervention effect, the
variables in Table 23 that increase automobile or e-bike PKT will increase the absolute magnitude
of the change in PKT post-purchase. For example, marginal purchasers had 23% higher
automobile PKT than non-marginal purchasers overall, and so the -20% intervention effect
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generates a 23% larger absolute reduction in automobile PKT post-purchase. Conversely,
marginal purchasers had 31% lower e-bike PKT than non-marginal purchasers, and so the x16
intervention effect generates a 31% smaller absolute increase in e-bike PKT post-purchase.
Thus, in addition to the factors that significantly moderate the proportional changes post-
purchase described above, the absolute automobile PKT reductions post-purchase are greater
for people making more marginal purchases, purchasers who are older and have higher
educational attainment, who live in larger, higher-income households with more motor vehicle
ownership, who were conventional cycling pre-purchase and park their e-bike inside their home,
and who live in higher-density areas but with more limited non-auto access to destinations.
Similarly, the absolute e-bike PKT increases post-purchase are greater for people making less
marginal purchases, purchasers who are men, older, and live in lower-income households, who
regularly commute and were cycling pre-purchase, and who live in hillier areas.

1.4.4.6 Comparison of e-bike usage data sources

Self-reported typical e-bike usage in the previous month at Waves 2 and 3 was compared to e-
bike usage implied by the odometer data (see Section 1.4.3.6 above). Table 24 gives results of a
linear fit for the relationship between those two sources of e-bike km/week. Estimated ratios
indicate that the e-bike usage implied by odometer data is 10% and 9% lower than the self-
reported typical usage in the previous month at Waves 2 and 3, respectively. This is a relatively
small and consistent offset, considering the differences between the measures, which are at
distinct time scales (covering 3 or 9 months vs. 1 month) and have different scopes of usage
(usage of one e-bike by anyone vs. usage of any e-bike by one participant). We generally expect
atypical weeks to have less cycling than an average week due to vacation, injury, icy roads, etc.,
so long-term usage measured by an odometer will generally be less than usage on a typical week.
Another potential influencing factor is that survey respondents often over-report participation in
activities that they believe are beneficial or virtuous, due to social desirability bias. The
relationship estimates yielded goodness-of-fit statistics of R? = 0.23 and 0.24 for Wave 2 and
Wave 3 usage, respectively, reflecting the imprecision in individual usage for the two measures.*?
Overall, however, it appears that while these measures of any one individual’s e-bike usage are
imprecise, the aggregate data reflect reasonably good agreement on the amount of e-bike use.

Table 24. Relationship between e-bike use from self-reported weekly travel habits vs. odometer data

Wave 1to 2 Wave 2to 3
Number of observations 362 283
Linear fit ratio of krp/wk from odometer vs. 0.903 0913
self-reported typical usage data
R? for linear fit 0.23 0.24

42 Manual inspection of the odometer data revealed errors such as decreases in value over time and imprecision
such as rounding to one significant figure.
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1.4.4.7 Summary: Changes in Travel Behaviour

The e-bike use described in Section 1.4.3 in Part 1 was accompanied by broader changes in travel
behaviour. E-biking became an increasingly common commute mode over the year of ownership,
overtaking automobile use as the primary commute mode in the sample at Wave 2 and further
increasing in Wave 3. We did not see large changes in household vehicle ownership between
waves, *3 although increases in e-bike ownership were accompanied by small decreases in
conventional bicycle and motor vehicle ownership in the sample. Most participants (87%) still
had access to a private motor vehicle after the e-bike purchase, with an average of 0.75
household motor vehicles per adult.

E-bike use had increased dramatically by 3 months after purchase (by an average of +42
km/week), accompanied by a large reduction in automobile use (by an average of -19 km/week)
and smaller reductions in PKT by other modes. Automobile use partially rebounded at the 12-
month follow-up, but not at the expense of e-biking, which continued to rise.** The average
mode shares of weekly PKT in the sample at Waves 2 and 3 were remarkably similar, indicating
that automobile use fell from 56% of weekly PKT pre-purchase to 44% post-purchase, while e-
biking increased from 5% to 29% and conventional cycling fell from 11% to 4%.

A regression model was used to control for a range of other factors that can influence e-biking
and automobile use (e.g., season, fuel prices, socio-demographics), revealing estimated
aggregate effects of the e-bike purchase of a 20% reduction in automobile use (PKT/week), and
a factor of 16 increase in average weekly PKT by e-bike. Post-purchase changes in both
automobile and e-bike PKT were greater for participants who commuted vs. those who did not
commute. Automobile PKT reductions post-purchase were also greater for those living in
households with higher income, while e-bike PKT increases post-purchase were greater for those
who conventional cycled pre-purchase and used inside bike parking. Other moderating factors
did not significantly affect the proportional PKT changes, but still amplified the absolute PKT
changes post-purchase because they increased the pre-purchase PKT, including marginal
purchases, higher household income, cycling pre-purchase, and living in areas that are denser
but with more limited non-auto access for automobile PKT, and non-marginal purchases, lower
household income, cycling pre-purchase, and living in hillier areas for e-bike PKT.

The weekly travel data and trip-level e-bike mode substitution data (Section 1.4.3.5 above) align
in indicating that most travel on the purchased e-bikes (around 90%) is new e-biking, and most
of that new e-biking (80% to 90%) is displacing travel by other modes: roughly half replacing
automobile use and a quarter replacing conventional cycling (on a per-PKT basis).

For comparison, e-bike use around 40 km/wk and automobile displacement of around 20 km/wk
or 20% is in line with past research on e-bike adoption in various contexts (Anderson and Hong,

43 We could not have observed any changes in vehicle ownership before the e-bike purchase.
4 Total weekly PKT increased between Waves 1 and 3.
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2022; Andersson et al., 2021; Bigazzi and Wong, 2020; Bucher et al., 2019; Hiselius and Svensson,
2017; Johnson et al., 2023; Mason et al., 2015; McQueen et al., 2020; Sundfgr and Fyhri, 2022).
The Saanich incentive program study reported increases in e-bike use of 47 km/wk and 30 km/wk
after 3 and 12 months, respectively, and decreases in automobile use of 56 and 49 km/wk after
3 and 12 months, respectively (Bigazzi et al., 2025). Applying similar methods to the BC e-bike
rebate program we find larger increases in e-bike use but smaller reductions in automobile use,
primarily due to lower pre-purchase automobile use by rebate recipients, which averaged 105
km/wk in this study but 128 km/wk in the Saanich study. Post-purchase automobile use is more
similar at 86 km/wk in this study and 79 km/wk in the Saanich study. We also do not find that
automobile PKT reductions are higher for the larger, more income-restricted rebate tiers, as was
reported in the Saanich study.* Automobile use in this study most closely resembles that of the
un-conditioned $350 rebate recipients in Saanich, which averaged 110 km/wk pre-purchase and
87 km/wk after 12 months. Regression analysis results in the Saanich study reflect some of these
differences, as they report a 36% reduction in automobile PKT after e-bike purchase,*® whereas
we find a smaller reduction effect of 20%. Neither program found a significant effect of rebate
value on proportional reduction in PKT. Although the incentive program designs are similar, they
had different rebate values and used different income qualification criteria; other key differences
in the study context include geography, seasonality, and a maturing e-bike market.

1.4.5 Greenhouse Gas Emissions

GHG impacts were estimated from PKT using the marginal lifecycle emission rates presented in
Section 1.3.6.3 in Part 1. The PKT changes inferred from recent e-bike trips (see Section 1.4.3.5
above) translate to net reductions of 1.8 kg CO,eq per return e-bike trip or 119 g CO.eq per PKT
by e-bike. These net changes are almost entirely the result of displaced automobile use. Each
observed PKT by the purchased e-bike generates 10 g CO,eq of new emissions,*” and displaces
123 g of emissions due to automobile use, 6 g due to transit use, and 2 g due to conventional
bicycle use.

Table 25 gives GHG estimated from the weekly PKT by travel mode results (see Section 1.4.4.3
above), of which over 95% are generated by automobile use. Overall weekly GHG from travel fall
by 22% between Wave 1 and Wave 2, and then partially rebound to a net 17% reduction in Wave
3. The net reduction is largest (11 kg CO2eq/wk) for the $350 rebate recipients and smallest (6 kg
CO,eq/wk) for the $1,400 rebate recipients, primarily due to differences in automobile PKT. As
stated above, comparisons across rebate values should be interpreted with caution due to the
small number of $350 rebate recipients completing all three survey waves (N=25).

% Noting that the qualifying income criteria were different between the two programs
%6 For the middle rebate tier of $800
47 After accounting for the likelihood the trip would have happened by e-bike anyway, which discounts 1 g COzeq.
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Table 25. GHG generated by reported weekly travel habits (kg CO2eq/wk) %8

Study wave S350 rebates $1,000 rebates $1,400 rebates All rebates
Wave 1 37.8 40.3 34.1 35.2
Wave 2 27.1 31.6 26.8 27.4
Wave 3 27.1 34.0 28.5 29.2

For comparison, average weekly GHG emissions of 35 kg CO;eq pre-purchase is somewhat lower
than the estimate of 42 kg/wk for the Saanich study sample pre-purchase (Bigazzi et al., 2025)
and closer to the 38 kg/wk* reported in a study of household GHG emission for the metropolitan
Vancouver region (Bigazzi et al., 2024a). A GHG reduction of 17% (6 kg CO.eq/week) is smaller
than the 38% previously reported in the Saanich study, primarily due to higher pre-purchase GHG
in the Saanich study (average weekly GHG at Wave 3 in Saanich was 26 kg CO.eq/week, more
similar to the 29 kg observed here). Other modelling studies have estimated that widespread e-
bike adoption could reduce GHG from passenger travel by 10 to 20% (Bucher et al., 2019; Hiselius
and Svensson, 2017; Mason et al., 2015; McQueen et al., 2020), and studies of e-bike incentives
in Sweden and the USA estimated reductions of 3 to 10 kg CO,eq per week (Anderson and Hong,
2022; Johnson et al., 2023).

1.4.6 Aggregate BC Program Impacts

This section presents aggregate weighted results, with purchase-related outcomes based on the
full study sample of 1,004 and net PKT and GHG changes between Waves 1 and 3 based on the
449 participants who completed all 3 survey waves. Long-term behaviour differences across
rebate tiers should be interpreted with caution because only 25 participants who received a $350
rebate completed all 3 survey waves. Some of the values differ from unweighted results for the
study sample presented above because they are weighted to represent the attributes of all BC
Program rebate recipients.

1.4.6.1 Spending and Revenues for Incentivized E-bike Purchases

Table 26 summarizes the costs and revenues associated with incentivized e-bike purchases within
the BC Program (see calculation methods in Section 1.3.6.1). The average cost of the purchased
e-bikes was $3,100 (after any other incentives or discounts), of which $1,800 was paid by the
purchaser. Accounting for the marginality of purchases, each rebate generated on average
$1,800 in new retailer revenue (i.e., revenue from e-bike purchases that would not have been
made without the rebates). Across all rebates, an average of $1,000 in new spending was induced

“8 Limited to participants who completed all three survey waves and owned an e-bike in at Waves 2 and 3: 25 who
received $350 rebates, 61 who received $1,000 rebates, and 357 who received $1,400 rebates.
49 Scaling up from the reported 5.5 kg/day.
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through marginal purchases, while $500 was saved through rebates subsidizing non-marginal
purchases.

Table 26. E-bike cost and retailer revenue per rebate

$350 $1,000  $1,400 All

Impact rebates rebates rebates rebates

Pre-rebate e-bike cost! $3,484 $3,401 S$3,039  $3,093

Post-rebate e-bike cost? $3,134 $2,401 S$1,639 $1,773

New retailer revenue per rebate (due to marginal $688  $1675 $1818 61762
purchases)

Induced spending per rebate (on marginal purchases) $616  $1,158 $940 $951

Reduced spending per rebate (on non-marginal purchases) $279 $483 $522 $509
1 After applying any other reported incentives or discounts

1.4.6.2 Travel Mode Shift and GHG Reduction

Table 27 summarizes the average long-term changes (from Wave 1 to Wave 3) in weekly travel
behaviour and associated GHG emissions, weighted to represent all BC Program rebate
recipients. The “marginal” values are scaled to only include the changes associated with
additional e-bike purchases (i.e., those that would not have been made with the rebate).
Although overall changes in e-biking, automobile travel, and GHG decrease with rebate value,
the marginal changes have the opposite trend due to increasing marginality with rebate value.
On average, e-bike purchasers increased their e-biking by 40 km/week (from 7 to 46 km/week),
half of which would likely not have happened without the rebate program. E-bike purchasers
reduced their weekly automobile use from 101 to 84 km/week and reduced their weekly GHG
emissions from travel by 5.4 kg CO,eq on average (almost all from reduced automobile use); 3.9
kg of the reduction was associated with marginal purchases and the remaining 1.5 kg likely would
have occurred without the rebate program.

Table 27. Changes in weekly travel and associated GHG between Waves 1 and 3, per rebate
$350 $1,000 $1,400

Impact rebates rebates rebates All rebates
E-bike PKT increase (km/wk) 51.3 43.1 38.6 39.5
Marginal® e-bike PKT increase (km/wk) 8.1 18.5 20.3 19.6
Automobile PKT reduction (km/wk) 36.9 15.2 16.3 17.0
Marginal® automobile PKT reduction (km/wk) 9.3 6.6 12.7 12.0
GHG reduction (kg COzeq/wk) 11.8 4.6 5.3 5.4
Marginal® GHG reduction (kg CO,eq/wk) 2.9 2.0 4.2 3.9

! Weighted by marginality (likelihood of not purchasing an e-bike without the rebate)
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1.4.6.3 Cost Efficiency

Table 28 summarizes the overall cost efficiency of impacts associated with the incentivized
purchases, based only on rebate costs to the program.>® The lifespan impact calculations apply
the weekly GHG changes from Section 1.4.6.2 above over an assumed 5-year e-bike use life (these
assumptions are discussed below in Section 1.5.3 below). Rebate cost per additional (marginal)
e-bike averaged $2,200 and increased with rebate value. The increase is a consequence of cost
per rebate increasing proportionally more than marginality across rebate tiers, which is
consistent with past research (Bigazzi et al., 2025; Bigazzi and Berjisian, 2021; Jones et al., 2024).
Each $1 in rebates generated $1.33 in new retailer revenue ($0.72 from induced spending and
$0.61 from transfer through the rebate), and $0.39 in reduced costs for non-marginal e-bike
purchases. Average marginal and non-marginal GHG abatement costs are estimated at $1,300
and $930 per tonne COzeq, respectively. Although higher-value rebates had larger marginal
impacts per rebate, the impacts per rebate-dollar mostly decreased with rebate value.

Table 28. Cost efficiency of BC Program impacts

$350 $1,000 $1,400

Impacts normalized to rebate value rebates rebates rebates All rebates
Rebate cost per additional e-bike $1,715 $1,934 $2,233 $2,199
New retailer revenue per rebate $ (due to $1.96 $1.68 $1.30 $1.33
marginal purchases) ’ ' ' '
Induced spending per rebate S (on $1.76 $1.16 $0.67 $0.72
marginal purchases) ' ' ' '
Reduced spending per rebate S (on non- $0.80 $0.48 $0.37 $0.39
marginal purchases) ' ' ' '
Lifespan! GHG abatement cost ($/tonne) S114 $834 $1,022 $933
Lifespan marginal GHG abatement cost
($/tonne) $459 $1,950 $1,286 $1,301

! Applies weekly reduction between Wave 1 and Wave 3 to an assumed a 5-year lifespan of the e-bike

1.4.6.4 Total Program Impacts

Table 29 shows the aggregate program impacts estimated for all 4,943 rebates distributed as of
July 2024. Most of the impacts are generated by the largest (51,400) rebates, because most (86%)
of the distributed rebates were at that tier. Overall, $6.5 million in rebates to almost 5,000
recipients generated almost 3,000 new e-bike purchases that would not have happened without
the program, inducing $4.7 million in new spending and $8.7 million in new bike shop revenue.
Rebates also reduced purchase costs by $2.5 million for non-marginal purchasers. The lifespan
estimates are a rough approximation based on extrapolation over a 5-year assumed use life, but
suggest that the rebate program induced around 25 million new kilometres of e-bike use in BC.
At the same time, these rebate-induced e-bike purchasers reduced their automobile travel by 15

%0 This neglects administrative and transaction costs for the administrator, retailer, and purchaser.
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million person-kilometres, leading to a reduction in GHG emissions over 5 years of 5,000 tonne
COzeq.

Table 29. Aggregate weighted impacts of all BC Program rebates

. $350 $1,000 $1,400
Variable rebates rebates rebates All rebates
Number of rebates 180 516 4,247 4,943
Cost of rebates $63,000 $516,000 $5,946,000 $6,525,000
Average marginality 0.20 0.52 0.63 0.60
Additional e-bikes (marginal purchases) 37 267 2,663 2,967
N il inal
ew retailer revenue (due to margina $124,000  $864,000 $7,720,000 8,708,000
purchases)
Induced spending (on marginal purchases) $111,000 $598,000 $3,992,000 $4,700,000
Reduced spending (on non-marginal $50,000 $249,000 $2,217,000 $2,517,000
purchases)
Lifespan? e-bike PKT increase 2,400,000 5,777,000 42,586,000 50,796,000
Lifespan marginal e-bike PKT increase 378,000 2,479,000 22,406,000 25,239,000
Lifespan automobile PKT reduction 1,725,000 2,043,000 18,052,000 21,846,000
Lifespan automobile marginal PKT reduction 436,000 888,000 14,065,000 15,364,000
Lifespan GHG reduction (tonne CO,eq) 551 619 5,819 6,996
Lifespan marginal GHG reduction (tonne 137 265 4,622 5014
COzeq)

! Applies weekly change between Wave 1 and Wave 3 to an assumed a 5-year lifespan of the e-bike

Between Waves 1 and 3, participants reduced the external costs of their weekly travel by $5 on
average, leading to a reduction of approximately $1.3 million annually in travel-related
externalities for all rebate recipients.>! Assuming a 5-year e-bike lifespan, the estimated total
reduction in travel externalities approximately equals the total rebate costs of $6.5 million. These
external cost savings are only approximate, but indicate that the rebates can be justified by
reductions in societal costs alone, without including the purchase and travel cost savings for the
travellers themselves (which are examined further in Part 2). Further, these cost savings do not
include the substantial benefits of increased physical activity, which past research has shown can
dwarf the savings from changes in crashes or air pollution (de Nazelle and Nieuwenhuijsen, 2009;
Grabow et al., 2010; Mueller et al., 2015; Rojas-Rueda et al., 2013). Further investigation of the
multidimensional cost impacts is left for future work.

51 This estimate takes into account the additional external costs incurred by participants doing new e-biking; see cost
factors in Section 1.3.6.4 above.
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1.4.6.5 Summary: Program Impacts on Travel and Greenhouse Gas Emissions

Figure 43 illustrates the aggregate costs of e-bikes purchased using rebates from the BC Program,
for which $6.5 million in rebates generated $8.7 million in new retailer revenue. In addition to
the $4.0 million in rebates that induced marginal purchases, the remaining rebates reduced $2.5
million of costs for non-marginal purchasers, almost all (98%) for people who met the Program’s
low-income criteria (including 88% for the lowest-income recipients).

$16
§14 $8.7m
new retailer
revenue
$12
$10
$6.5m
g rebate costs
= $8
=
$6
$4
$2
$0
Spending that would Rebates for Rebates for Induced Total incentivised
have happened non-marginal marginal spending e-bike cost
without rebate purchases purchases

Figure 43. lllustration of aggregate e-bike costs and spending for the BC Program

One year after their e-bike purchase, BC Program rebate recipients had increased their e-bike use
by 40 km/week and decreased their automobile use by 17 km/week on average, which reduced
their weekly GHG from travel by 5.4 kg CO.eq/week. Approximately 60% of these changes are
associated with marginal e-bike purchases. If we extrapolate these 1-year changes out to an
assumed 5-year e-bike use life, the rebate program induced new e-bike purchases that will be
used for 25 million km of travel by e-bike, and associated with 15 million fewer km travelled by
automobile and 5,000 tonnes less COeq emissions from travel.

Normalizing to rebate value, the BC Program provided approximately $2,200 in rebates for each
induced e-bike purchase. Each S1 in rebates generated $0.72 in new spending on e-bikes by
marginal purchasers and $0.39 in reduced costs for non-marginal purchasers. The implied GHG
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abatement costs (qualified with major assumptions — see Section 1.5.3 below) are $1,300 or $900
per tonne CO,eq using marginal or non-marginal accounting methods.>? In comparison, adjusting
to a 5-year lifespan assumption, other studies have estimated (using a widely different methods)
GHG abatement costs of e-bike incentives ranging from $600 to $1,300 (Anderson and Hong,
2022; City and County of Denver et al., 2022; Johnson et al., 2023). The more similar Saanich
study estimated lower marginal GHG abatement costs of $700 per tonne, due primarily to higher
pre-purchase automobile use (see discussion in Section 1.5.2 below).

To contextualize these abatement costs, the social cost of CO,eq emissions in Canada for 2024
was estimated at $266 per tonne (Environment and Climate Change Canada, 2023), while the
market price was $80 per tonne in BC (Ministry of Environment and Climate Change Strategy,
2024) and $107°3 per tonne in Europe (CarbonCredits.com, 2024). In contrast, abatement costs
for transportation interventions such as electric vehicle purchase and vehicle scrappage subsidies
have been reported>* in the range of $300 to $1,100 per tonne COe (Azarafshar and Vermeulen,
2020; Chandra et al., 2010; Gillingham and Stock, 2018; Kok et al., 2011). The BC incentives for
battery-electric and plug-in hybrid vehicle purchases were estimated to have abatement costs of
$600 and $1,000 per tonne, respectively, in 2016>° (Azarafshar and Vermeulen, 2020). A study
by Tian et al. (2023) estimated that electrifying bus fleets in major Canadian cities by 2030 would
yield abatement costs ranging from $2,900 to $4,350 per tonne CO.e. Hence, the BC e-bike
rebates were cost-competitive for GHG reduction with vehicle electrification strategies, but not
with the general carbon markets.

Comparison of impacts across rebate values is challenging due to the strong skew in the rebate
value distribution (only 25 people who completed Wave 3 received $350 rebates, which is the
rebate tier with the most distinct travel habits). The general patterns are that the larger, more
income-restricted rebates were more likely to generate marginal purchases but were less cost-
efficient in doing so (i.e., required more rebate dollars per additional e-bike). In addition,
recipients of the larger, income-conditioned rebates exhibited smaller changes in e-bike and
automobile use one year after purchase, but more change that could be attributed to the rebate
program. Combining these effects, marginal GHG abatement costs were similar for the $1,000
and $1,400 rebate tiers, but much lower for the $350 tier. These results are largely in line with
expectations and the literature (Bigazzi et al., 2025; Bigazzi and Berjisian, 2021; Jones et al.,
2024). One notable contrast is that the Saanich study found that marginal GHG abatement costs

52 We believe the marginal accounting method is more appropriate, but provide both for comparison to other
reported estimates that use non-marginal methods.

53 Using a rate of €1 = CAS$1.55

54 Critically, vehicle incentive impacts are usually calculated with the assumption that rebates incentivize shifts in the
type of vehicle purchased, but do not affect the total amount of vehicles purchased (i.e., they do not account for
induced vehicle ownership).

55 Around $800 and $1200, respectively, after adjusting for inflation to 2024.
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fell with rebate value, due to increasing GHG reductions resulting from higher pre-purchase
automobile use (Bigazzi et al., 2025).

1.5 Conclusions: Part 1

1.5.1 Program Impacts

Part 1 of this report aimed to characterize the e-bike purchase decisions of rebate recipients from
the BC e-bike rebate program, as well as their subsequent e-bike usage and accompanying travel
behaviour changes. Overall, the BC Program was successful in achieving its aims of spurring new
e-bike adoption and subsequent GHG reductions. Lower-income households received larger
shares of high-value rebates, although most high-income households also received the largest
rebate value ($1,400).

Approximately 3 out 5 rebates induced a new (marginal) purchase that would not have happened
without the rebate. This rate was largely determined by the rebate value, but rebates were also
more likely to generate new (marginal) purchases when they were received by people in lower-
income households, who regularly commuted, and who were not already cycling or e-biking.
Commuting and pre-purchase cycling were also two of the main factors affecting post-purchase
travel behaviour changes, as those who commuted and cycled pre-purchase used their e-bikes
more.

The incentivized e-bikes were used regularly for a variety of utilitarian, exercise, and leisure trips,
and a large portion of the e-bike use displaced automobile travel, which led to lower GHG
emissions from travel by rebate recipients. The most common e-bike trip types were utilitarian
trips (commuting, shopping, or errands) that would have been made by automobile and exercise
or leisure trips that would not have been made without the e-bike. The changes in travel patterns
were similar at the +3 and +12 month survey waves, which is promising for long-term impacts. In
addition to practical considerations such as weather, travel distance, and exertion, “fun” was a
key factor motivating sustained e-bike use.

Most rebates were distributed at the $1,400 tier, which made it difficult to compare long-term
impacts across rebate values. Generally, larger rebate values generate greater impact per rebate
but smaller impact per rebate-dollar. Lower-income purchasers tended to use their e-bikes more,
but displace less automobile travel due to lower pre-purchase automobile use. There were also
some regional differences in travel behaviour, particularly pre-purchase travel habits reflecting
differences among metropolitan areas (e.g., high transit use in the Vancouver region). Purchasers
in the Vancouver and Victoria regions were more likely to use the e-bikes for utilitarian trips,
whereas Kelowna and Elsewhere residents were more likely to make new exercise or leisure e-
bike trips, possibly due to differences in cycling access to destinations.
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Table 30 summarizes some of the factors shown in this study to influence the key determinants
of e-bike rebate program outcomes.*® Some factors are clearly beneficial because they enhance
multiple determinants of rebate program outcomes. For example, commuters who receive
rebates are more likely to make marginal purchases, and subsequently increase their e-bike use
and decrease their automobile use more than non-commuters. Rebates distributed in more
moderate winter climates are similarly beneficial for all three mechanisms. In contrast, some
factors have trade-offs, such as higher recipient age and recipients conventional cycling pre-
purchase, which lead to less marginal purchases, but greater use of the purchased e-bikes and
more displaced automobile use. Rebate recipients living in lower-income households are more
likely to make marginal purchases and use their e-bike more, but have less automobile use to
displace with e-biking. Additionally, we find that more marginal purchasers used their new e-
bikes less, but reduced their automobile use more.

Table 30. Summary of factors affecting three key determinants of e-bike rebate program outcomes
Potential for
automobile mode
substitution?

More marginal Potential for

Influencing factor e-bike purchases’  new e-biking?

Being a marginal purchaser A v A
Rebate value A o o
E-bike price v o o
Men o A A’
Age v A A
Educational attainment A . A
Household income v v A
Larger households (with children) ° ° A
Motor vehicles per person ° ° A
Cycling pre-purchase v A A
Regular commuting A A A
Bike parking inside home o A A
Population density o o A
Non-auto access to destinations o ° v
Higher annual precipitation ° \ A °
Moderate winter temperatures A A’ A"
Cycling infrastructure density ° \ A °
Hillier areas . A A’

+ Enhances benefits; — Reduces benefits; O Uncertain or mixed effects

* Effects observed in the models at a 90% (rather than 95%) confidence level

! per rebate, not per rebate-dollar

2 Includes effects that moderate either the proportion or absolute magnitude of PKT changes

%6 Not including equity considerations, which are examined in Part 2 of this report.

Impacts of BC E-Bike Rebates — Final Report: Part 1, September 2025 71



1.5.2 Comparison to Saanich Program

The study results are largely consistent with the limited past empirical research on e-bike
adoption and incentive programs, and with pre-program modelling (Anderson and Hong, 2022;
Bigazzi and Berjisian, 2021; Bigazzi and Wong, 2020; City and County of Denver et al., 2022;
Johnson et al., 2023; Sundfgr and Fyhri, 2022). A more detailed comparison to the Saanich E-bike
Incentive Program is useful because it provided similar rebates, and was evaluated using similar
methods (Bigazzi et al., 2025). The Saanich rebates were only available to residents of Saanich,
BC, whereas the BC rebates were available to everyone in the province, covering a much wider
range of climates, topographies, socio-demographics, transportation services, street networks,
and built environments. Other key differences between the programs that may affect the
program outcomes are that the Saanich program: 1) provided different values for the income-
conditioned rebates, 2) conditioned the rebates on household rather than personal income, 3)
limited the number of rebates at each tier, so they were more evenly distributed across tiers, and
4) took place 2 years earlier, which covered a period of rapid growth in e-bike use generally
(Hassanpour and Bigazzi, 2024), substantial consumer price inflation, and late-stage COVID
recovery. In addition, survey Waves 1 and 3 were mostly completed in the summer months in
the BC study and in the winter and shoulder months in the Saanich study and (due to the rebate
distribution timing).

One difference between the program outcomes is illustrated in Figure 44, showing that the
Saanich rebate values were strongly differentiated by household income, whereas most BC
rebate recipients received the highest-value ($1,400) rebates due to low personal income, even
in high-income households. This difference is a consequence of both the income criteria and the
limited number of highest-value rebates in Saanich. The weak relationship between rebate value
and household income in the BC Program enabled us to distinguish income from rebate value

BC Saanich
More than $150,000 - S BEE [
$100,000 - s150,0001 VNN - L
$75,000 - 100,000 1 [N e
$50,000 - $75,000 1 [N I
s25.000-sso000 NN | T | Paae
Less than $25,000 1 .
0 20 40 6 8 1000 20 40 60 8 100
350 mmm 1000 mEE 1400 350 =@ 800 mmm 1600
Figure 44. Distribution of rebate values by household income in each program
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effects in the regression analysis (which was not possible in the Saanich evaluation), revealing
that while both household income and rebate value influence purchase marginality, only
household income was significantly related to subsequent travel behaviour changes.

Figure 45 illustrates the estimated rebate cost per marginal e-bike purchase for both programs,
as well as from pre-program economic modelling (using a pre-rebate e-bike price of $3,100 and
price elasticity of e-bike demand of -2.0) (Bigazzi and Berjisian, 2021). This measure of cost
efficiency is based on the relationship between rebate value and purchase marginality, and shows
remarkable agreement among both studies and the model. The BC rebates, particularly at the
$1,400 level, were slightly less cost efficient, which can be expected from the factors shown in
Section 1.4.2.3 above to reduce purchase marginality: higher e-bike prices, and rebate recipients
that have higher income, more pre-purchase e-bike use, and live in areas with colder winters.
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Figure 45. Rebate cost per marginal purchase from BC and Saanich program evaluations and pre-program
modeling (assuming a 53,100 pre-rebate e-bike price and -2.0 price elasticity of e-bike demand)

Reported e-bike usage was similar between the BC and Saanich programs, with return trips
averaging 16.5 and 16.2 km, respectively: 31% (BC) and 25% (Saanich) for exercise or leisure, and
38% (BC) and 44% (Saanich) replacing automobile use. The BC study participants from the Victoria
region were even more similar, with 24% of e-bike trips for exercise or leisure and 42% replacing
automobile use (Section 1.4.3 above), suggesting that the broader differences are likely due to
geographic factors such as climate, topography, land use, and transportation infrastructure.
Average weekly e-bike PKT 12 months after purchase increased more for BC (+40 km/wk) than
for Saanich (+31 km/wk), likely due to the Wave 1 and 3 surveys being completed in different
seasons (predominantly summer months for BC and non-summer months for Saanich).>’

57 As shown in Section 4.4.5 of Part 1, new e-bike use was greatest in summer and least in winter.

Impacts of BC E-Bike Rebates — Final Report: Part 1, September 2025 73



W | [ (L

The changes in automobile use 12 months after purchase were more distinct: they were
approximately one third as large for BC (-17 km/wk) as for Saanich (-48 km/wk). This difference
in displaced automobile travel led to about one third as large GHG reductions per rebate for BC
as Saanich (-5.4 vs. -15.5 kg CO.eq/wk) and also almost twice the estimated marginal GHG
abatement costs for the BC program (51,300 vs. $720 per tonne). As with the changes in e-bike
use between Waves 1 and 3, one influencing factor could be the season of survey completions,
as we observed (Section 1.4.4.5 in Part 1) that automobile PKT reductions were smaller in the
summer (when most BC Wave 1 and 3 surveys were completed) than in the winter and shoulder
seasons (when most Saanich Wave 1 and 3 surveys were completed).>®

However, the bigger factor appears to be particularly high pre-purchase automobile use by
recipients of the income-conditioned Saanich rebates.>® The Saanich study observed that this
result was “counterintuitive, because higher income is generally associated with higher
automobile PKT,” and speculated that it could reflect less ability of lower-income households to
actualize preferences for less automobile reliance (Bigazzi et al., 2025). This phenomenon was
not observed in the BC study results, and regression analysis (Section 1.4.4.5 in Part 1) confirmed
that BC rebate recipients living in higher-income households had more automobile use pre-
purchase, leading to greater automobile PKT reductions post-purchase. We also do not observe
particularly large reductions in automobile use for BC rebate recipients living in metropolitan
Victoria (Section 1.4.4.4 in Part 1), and neither study found a significant effect of rebate value on
reductions in automobile PKT. The Saanich sample was younger than the BC sample (Table 7),
but automobile PKT reduction increased with age in our regression analysis (Section 1.4.4.5 in
Part 1).

Ultimately, it is unclear why the study participants who received income-conditioned Saanich
rebates had higher pre-purchase automobile use than the other participant groups in either
study. Pre-purchase e-bike use was twice as common in the BC program as the Saanich program,
which may support the idea that latent demand to reduce automobile dependence was
particularly high for low-income households receiving Saanich rebates in 2021, and has eased
with the growing availability of e-bikes province-wide in the intervening 2 years. The Saanich
study had a small number of rebate recipients completing all 3 survey waves (24 for the two
income-conditioned tiers combined), and so we are more confident generalizing from the BC
study results, given the larger sample and more diverse contexts. The BC results for automobile
mode shift to e-bike are also closer to estimates from other studies.

8 However, the seasonality effect was not statistically significant at p<0.05.

59 Weekly automobile use in the BC study (which fell from 105 to 86 km/wk on average) most closely resembled that
of the unconstrained $350 rebate recipients in the Saanich study (which fell from 110 to 87 km/wk on average). The
post-purchase automobile use of these groups was slightly higher than both the pre- and post-purchase automobile
use of the non-incentivized e-bike purchasers in the Saanich study control group (83 and 80 km/wk, respectively).
Post-purchase automobile use was also roughly similar for the income-conditioned rebate recipients in the Saanich
study, but their pre-purchase automobile use was much higher (up to 150 km/wk for the $1,600 rebate recipients).
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1.5.3 Limitations

There are range of challenges and limitations to consider when interpreting these results and
planning future evaluations. The first concern is sample bias, as not all rebate recipients
completed our study but we aimed to estimate the total program impacts. We used survey
weights to partially account for non-random responses (to the extent that they related to
observable factors). People who were not using their e-bikes would have been less likely to
respond, although we did receive responses from people who no longer owned or were not using
their e-bikes at all. In addition, we do not know the extent of potential fraud or non-compliance
with program criteria by rebate recipients, which could erode program effectiveness.

The second concern is response bias, as most data were self-reported by participants making
them vulnerable to social desirability and recall biases. We also asked participants to respond to
hypothetical counterfactuals about what they would have done without the rebate or without
the e-bike, and we do not know how reliable those response are. Three sources of information
on e-bike use (about the last two trips, typical weekly travel, and odometer readings) helped to
triangulate and provide some confidence in the results. In addition, the use of panel data provides
relatively robust “within-subject” repeated measures to evaluate travel behaviour changes. We
generally expect the reliability of individual observations to be low, but the aggregate estimates
to represent the overall program impacts.

A third limitation is causal inference from the associations reported here. In some cases we
indirectly asked participants to report causality using hypothetical prompts (“What would you
have done...”). For others we used a panel study design and controlled for potential confounding
factors such as seasonality and fuel prices. A control sample was not feasible in this study since
the rebates were available to all residents of BC, and non-BC residents were insufficiently
comparable. A “gold standard” approach would be to randomize which participants get the
rebates and follow both groups over time, but this was not compatible with the program design.
The study population is people who applied for and received an e-bike rebate, in contrast to the
general population. We can describe this group as the “potential e-bike market”, and a major
challenge for a priori program evaluation is estimating the size of this population sub-group.

The survey design involved consideration of various trade-offs related to internal and external
validity, particularly response burden and selection bias versus measurement precision and
privacy protection. We only required the first three digits of home postal codes, which is not
personally identifiable, but provides poor spatial resolution for contextual variables in rural areas.
We also chose not to use location-tracking technology (i.e., smartphone apps) to reduce selection
bias, particularly for low-income rebate recipients. In addition, only opt-in information was
communicated between the program administrators and study team, which prevented tracking
of personal information between the program and the study.
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GHG estimates used fixed modal GHG emission factors from other research, which neglects a
variety of factors that can moderate an individual’s “carbon footprint” from travel. In particular,
we did not collect information of vehicle type, fuel type, or driving style. We also did not attempt
to apply time-varying emission rates to account for evolution of the motor vehicle fleet or space-
varying emissions rates to account for regional differences in vehicle fleets or transit operations.
If motor vehicle GHG emission rates decrease over time, it will diminish the GHG benefits of
automobile mode substitution and by extension e-bike adoption. In addition, the GHG impact
estimates neglect possibly unique characteristics of e-bike adopters with respect to the general
population. For example, if e-bike adopters systematically owned lower-emitting automobiles
than others, or were more likely to share rides, we would overestimate the GHG impacts of e-
bike mode substitution (and vice versa).

The lifespan impact estimates in Section 1.4.6 in Part 1 have high uncertainty due to their
sensitivity to the assumption of a 5-year e-bike lifespan. Incentivized e-bikes might not last that
long or may be used for a longer time. We also have not accounted for the benefits of potential
future e-bike purchases by rebate recipients or their family. The lifespan impact estimates also
apply the changes between 2 discontinuous months 1 year apart to the whole year, which
neglects seasonality. Because most Wave 1 and Wave 3 observations were in the summer months
(Figure 5), the regression results (Section 1.4.4.5 in Part 1) indicate that assumption could be
conservative for reductions in automobile use (which were smallest in summer) but not for
increases in e-bike use (which were largest in summer).® Supporting this, comparison of e-bike
use from odometer readings versus weekly travel data in each wave suggest that continuous
usage is around 10% lower than implied by point-to-point before/after comparisons.®! The
lifespan estimates also extrapolate the 1-year changes out to 5 years, which relies on the pre-
purchase behaviour as the reference case out to 2028. The similarity of the +3 and +12-month
travel behaviour is promising, but long-term evaluation of outcomes is needed (and has not yet
been undertaken to out knowledge).®?

Finally, e-bike adoption can have important impacts that were not closely examined in this study.
E-bike use that displaces automobile travel can also reduce crashes, traffic congestion, local air
pollution, and other externalities associated with automobility (Delucchi, 2000; Mason et al.,
2015). We also did not examine the potential for social network effects where incentivized e-bike
adoption indirectly spurs e-bike uptake by others in their community. In addition, the cost
efficiency calculations only included rebate costs, not administrative or transaction costs for the
program, purchaser, or retailer.

80 Although season was not statistically significant (p<0.05) in either model.

61 Acknowledging that, as noted above, they do not measure the exact same thing: the odometer indicates use of
one e-bike by anyone and the weekly travel data represent use of any e-bike by one person.

52 Our Wave 3 survey asked for permission to re-contact for follow-up after 5 years, and most participants consented.
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1.5.4 Recommendations

E-bike rebate programs continue to be highly popular and effective at increasing e-bike adoption,
which can advance a range of goals related to public health, affordability, accessibility, equity,
livability, and climate change. The results of this study support the core assumptions of e-bike
rebate programs and provide insights to inform future e-bike rebate program designs to further
enhance their benefits. In general, aggregate program benefits increase when the rebates
generate more marginal e-bike purchases, when the marginal e-bikes are used more, and when
more of that new e-bike use displaces automobile travel. However, there can be trade-offs
among these objectives.

Rebate program designers should consider these potential trade-offs among the program
objectives when selecting program criteria to prioritize rebate cost efficiency, new e-bike use, or
automobile mode substitution. For example, new (induced) exercise or leisure e-bike trips
provide a range of benefits, but do not reduce greenhouse gas emissions. Prioritizing new e-bike
use (with income restrictions, for example) emphasizes benefits for physical activity, health, and
access, whereas prioritizing automobile mode substitution (with rebates in suburban areas, for
example) emphasizes benefits for travel costs, livability, and the environment. Prioritizing
marginality (with an e-bike price cap, for example) emphasizes cost efficiency of the rebate
program (and indirectly automobile mode substitution). In addition to these factors that
influence aggregate outcomes, there are important considerations of fairness and equity in both
access to rebates and e-bike benefits that should also be accounted for in program design (which
we address in Part 2 of this report).

We recommend continuing the BC Program, and considering a change to a household income
criterion in order to increase the program’s effectiveness in generating marginal e-bike purchases
and induced e-bike use. Restricting the high-value rebates to be available only to low-income
households would increase the number of additional (marginal) purchases generated by the high-
value rebates, and also shift rebate demand from middle- and high-income households toward
the lower-value rebates, allowing a greater number of rebates to be distributed from a fixed
program budget. In this way, higher-income household would receive the more cost-efficient
lower-value rebates.

Other strategies to increase the number of rebates are to restrict the total number of rebates
available at the higher-value tiers, or reduce the rebate values. Rebate values need to be
sufficient to warrant the administrative and transaction costs, and to make e-bikes feasible for
low-income households. Larger rebates induce more marginal purchases, which indirectly
increases automobile mode shift, but are still less cost-efficient per rebate-dollar. The current BC
program tiers provided 10% to 44% of the pre-rebate e-bike costs, which is in line with rebate
programs worldwide. The ideal rebate value is contextual, and depends on the attributes of the
recipients, the e-bike market, and program priorities.
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Given the positive effects of being a commuter on program impacts, a rebate program design
that prioritizes or segments regular commuters (possibly in partnership with employers) may be
a promising approach to conditioning rebates on attributes other than income. Employer-based
programs have been implemented in the past, but typically on small scales as pilots or to advance
the priorities of the employer (MacArthur et al., 2017; Ton and Duives, 2021).

Geographic context is another potential consideration for rebate program design, although most
contextual factors were not significant in our analysis. Regional travel habits (i.e., pre-rebate
mode shares) are likely the most important contextual factors for program impacts. Regions with
good transit systems (Vancouver) will see less automobile mode substitution, for example. Areas
that are hillier and with sparser cycling infrastructure tended to see more growth in e-bike use,
likely because they are not conducive to conventional cycling but present less of a barrier for e-
bike use. Reduction in automobile use was greater in areas that are relatively dense but with
poor non-auto (walking, bike, transit) access, which implies suburban contexts. These results
show that e-bike rebates are effective even in places without currently high levels of “bikeability”.

Consistent with past work, we find that the GHG abatement from e-bike rebates is cost-
competitive with other electric vehicle strategies, although e-bike rebates cannot compete on
international carbon markets. Their attractiveness purely as a GHG reduction strategy is thus
contextual, and depends on the acceptance of carbon off-setting as an effective and ethical
alternative to actually reducing emissions from transportation systems (Hyams and Fawcett,
2013; Probst et al., 2023). E-bike rebates also generate a range of other benefits related health,
safety, travel costs, and air pollution through automobile mode substitution and physical activity.
Thus, while GHG mitigation is an important and significant benefit of e-bike rebate programs, e-
bike rebates need not (and likely should not) be justified solely through climate action.

This last point is emphasized if we look ahead to the prospective for e-bike rebate programs in
the future, assuming current trends continue. As emission rates of the passenger vehicle fleet
decline, the GHG benefits of automobile mode substitution diminish. The marginal impacts of
incentivizing e-bike purchases will decline as baseline e-bike use goes up, which will also reduce
the potential automobile mode substitution. Assuming these beneficent trends continue, the
effectiveness of e-bike rebates will diminish over time. In fact, by accelerating e-bike adoption
(directly and indirectly), e-bike rebate programs may eventually make themselves obsolete. We
are a long way from that point, but it bears considering that e-bike rebates are most effective as
a transition strategy to accelerate uptake of this accessible and sustainable travel mode.

In closing, e-bike rebates can spur active travel and mode shift, but questions remain over the
most effective incentive program designs. In addition, the full benefits of incentivized e-bike
purchases (including travel costs, physical activity, and safety) require further investigation. As
interest in e-bike incentive programs continues to expand, we look forward to further
investigations on the effectiveness of these programs in various scales and settings.
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2.1 Introduction

This is Part 2 of our report on the impacts of the “British Columbia E-Bike Rebate Program.” Part
1 of the report examines how the rebates impacted e-bike purchases, travel behaviour, and
greenhouse gas emissions. Part 2 provides an analysis of the personal and equity impacts of the
program on rebate recipients. See Part 1 above for information on the rebate program, including
its structure and implementation, and the broader study design.

Transportation is core to supporting health and well-being. Understanding the equity impacts of
transportation policies and programs is especially important in the context of transportation
poverty, which affects nearly 1 million Canadians (Allen and Farber, 2019). Transport poverty
refers to limited access to opportunities due to inadequate, unaffordable, or unsafe travel
options. These barriers hinder people’s access to essential destinations like jobs, education,
healthcare, and social activities, and are often more pronounced for those with mobility
challenges, including people with disabilities (Park et al., 2023). Transport poverty is an issue that
results from longstanding inequitable planning and practices in transportation systems.

Transportation equity is about seeking fairness in transportation systems. It encompasses the fair
distribution of transportation resources, inclusive participation in decision-making processes,
and recognition of the prevailing injustices that shape different levels of need and power within
transportation systems (Williams et al., 2023). Equity questions often focus on population groups
that are underrepresented in active transportation or face greater transportation-related
barriers, such as women, older adults, people with disabilities, and racialized populations.

One aim of the BC Electric Bike Rebate Program was to make transportation more affordable for
lower-income households, recognizing that for many people the cost of e-bike purchases is the
main barrier to accessing them for travel. This analysis examines the experiences of people from
structurally marginalized population groups, relative to others in the program, with the goal to
understand if and how the rebate program made an impact on their lives. In particular, we
evaluate whether the program made it easier for them to purchase an e-bike, how they used the
new e-bike, whether they gained additional mobility or access to destinations, whether their
overall cost of travel increased or decreased, and whether they increased or decreased their
overall physical activity during travel. In addition to income, we look at equity with respect to
personal factors such as age, gender, race, and educational attainment, as well as contextual
factors such as rural areas and economic regions.

2.2 Literature review

Research on the impact of e-bike ownership on travel behavior among equity-deserving groups
in North America remains scarce. One study by Johnson et al. (2023) examined three e-bike
rebate programs in northern California, USA and found that higher-income individuals were less
likely to replace car trips, although the relationship was not consistent across all income levels.
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Rates of substitution for daily car trips were lowest for those in households earning between
USS$75,000 and USS100,000, and highest for those in households earning over US$150,000.
Additionally, men and younger participants were more likely to substitute car travel than their
counterparts.

Other studies have highlighted how different population groups use e-bikes in distinct ways.
MacArthur et al. (2018b) found that men in the USA reported a slightly higher share of personal
errands and entertainment trips than woman, while seniors and people with physical limitations
were more likely to use e-bikes for recreational purposes. A New Zealand study (Wild et al., 2021)
found that e-bikes increased confidence cycling for women. For mothers in particular, e-biking
helped them better balance responsibilities and resume cycling after pregnancy. Together, these
studies suggest that while e-bike usage patterns differ by demographic group, they offer
significant mobility and lifestyle benefits across population subgroups.

2.3 Methods

For information on the study framework, data collection, and data processing please refer to Part
1 of the report.

2.3.1 Equity-Related Variables

Table 31 presents a set of equity-related variables used for analysis throughout this report. The
equity-related variables include a set of personal characteristics, three measures of household
income and wealth, as well as two contextual geographic variables. The contextual variables were
assigned to participants based on their home location.®3

Table 32 presents the household income thresholds used to define the “Low income” variable
based on geography and household size. The thresholds are based on 160% of the federal low-
income cut-off (LICO) to align with thresholds used for income qualification in BC meant to reflect
“modest means” rather than poverty (Saanich Sustainability Division, 2024). See Appendix D.1
for the threshold development.

83 Recorded in the survey as Forward Sortation Area (FSA) or other available location identifier — see Section 1.3.3 in
Part 1 of this report.
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Table 31. Equity-related variables

Variable name?! Description
Personal
Non-man Reported any gender identity besides (or in addition to) “man”, or did not report

gender (binary)
Senior Reported age of at least 60 years (binary)

Reported not receiving at least a college certificate or diploma, or did not report

No college education (binary)
Reported “difficulty walking, using stairs, or doing other physical activities” at

Physical disability least “often” (binary)
Non-white Reported any racial identity besides (or in addition to) “white” (binary)

Household

Households with annual income less than 160% of the federal low-income cut-
off (LICO) based on geography and household size per Table 32 (binary)

Ratio of the annual household income to the federal low-income cut-off based
on geography and household size (continuous)?

Low income

LICO multiplier

Response to the question “To what extent does your annual household income
satisfy your household’s needs?”, as: very well, well, not well, or not at all, which
were re-labeled as high, medium, low, or very low?

Satisfaction with
household income

Contextual

Households in an FSA* with a population less than 1,000 and population density
less than 400 people per km? (Government of Canada, 2011)

Seven economic regions of BC, adapted from Statistics Canada to align with FSA
boundaries (Government of Canada, 2013)

1The reference levels for binary variables include “Prefer not to answer” and missing responses,
unless stated otherwise.

2 See Appendix D.1 for low income cut-off (LICO) thresholds

3This question was only available for participants who completed survey Wave 3.

4 Forward Sortation Area (first three digits of home postal code)

Rural area

Economic region

Table 32. Household income thresholds for the “Low income” variable

Household size Vancouver Kelowna, Victoria, and Elsewhere
1 person < $50,000 < $50,000
2 persons < $50,000 < $50,000
3 persons < $75,000 < $50,000
4 persons < $75,000 < $75,000
5 persons < $100,000 < $75,000
6 persons < $100,000 < $100,000
7 persons or more < $150,000 < $100,000
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Figure 46 shows a map of rural and urban areas in BC based on the definition above; all areas not
shown on the map are rural. Figure 47 presents a map of the economic regions defined above.

Cariboo Thompson-Okanagan

4 =

Vancouver IIand and the Coast Lower Mainland-Southwest

S

A Rural FSA
[ Urban FSA

Figure 46. FSA classifications as Urban or Rural based on definition above (all FSA not shown are Rural)
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Figure 47. Economic regions of BC based on the definition above

2.3.2 Survey Weights

As described in Part 1 of this report (Section 1.3.5), survey weights were applied to each response
to account for differences between the observed sample and the study population (i.e., all BC
Program rebate recipients). The survey weights account for sample demographic bias in each

wave of the survey due to non-responses and attrition.
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2.3.3 Impact Estimation
2.3.3.1 Mobility

The gained mobility for rebate recipients is defined as the net new travel completed using the
purchased e-bike: i.e., e-bike use that represents increased mobility rather than substitution of
other travel modes. Net new mobility for each participant is calculated as the product of their
average post-purchase weekly travel by e-bike (km/wk) and their average reported likelihood
that they “would not have made [this] trip” without the e-bike (rather than making the trip using
an alternative travel mode) for reported e-bike trips. Trip purpose for reported e-bike trips is also
used to partition net new mobility between exercise versus travel for access.®

2.3.3.2 Affordability

In Part 1 of this report we estimated the external travel costs for society, and in Part 2 we
estimate the internal travel costs for e-bike users. Table 33 presents the rates used for these
internal travel cost estimates, which were partly taken from Litman (2022) with updates and
modifications to better align with the study context.®® The internal rate for cycling and e-biking
includes the costs of purchase and maintenance, as well as the cost of charging. Internal costs
for automobile travel include vehicle purchase, fuel, maintenance, parking, licensing, and
insurance. Internal costs for travel by transit only includes fares. The rate for “other” modes is
computed as the average of all modes. See Appendix D.2 for details on travel cost assumptions.

Table 33. Assumed travel cost rate by mode (in S per km)

Walking  Biking  E-biking  Auto Transit  Other!

Vehicle purchase $0.00 $0.06 $0.08 $0.24 $0.00 -
Maintenance $0.00 $0.06 $0.07 $0.08 $0.00 -
Fuel $0.00 $0.00 $0.00 $0.14 $0.00 -
Internal Fare $0.00 $0.00 $0.00 $0.00 $0.23 -
travel costs  License/fees $0.00 $0.00 $0.00 $0.01 $0.00 -
Insurance $0.00 $0.00 $0.00 $0.15 $0.00 -
Parking $0.00 $0.00 $0.00 $0.15 $0.00 -

Total internal travel costs ~ $0.00 $0.12 $0.14 $0.77 $0.23 $0.25
! Average of all other modes

2.3.3.3 Physical Activity

Physical activity during weekly travel is estimated using a representative activity intensity level
called Metabolic Equivalent Task (MET). MET rates represent the approximate physical intensity

64 Using the person-average joint probability of exercise trip purpose (versus all others) and not making the trip
without the e-bike
85 Currency conversion of CA$1.35 = US$1.00 was used as necessary
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of an activity in terms of energy expenditure relative to being at rest. For example, someone
doing an activity at a MET of 3 is expending energy at 3 times the rate they would if they were
simply lying down. The MET values applied to the travel modes in this study are given in Table
34, based on relevant literature (Ainsworth et al., 2011; Bourne et al., 2018; Castro et al., 20193;
Gojanovic et al., 2011; Mageau-Béland and Morency, 2021). The second row in Table 34 presents
the marginal (or non-sedentary) MET increment, which is a measure of the additional physical
activity experienced during travel by that mode, relative to sedentary time (or being at rest)
which has a MET of 1. Additionally, Table 34 presents the assumed pace used for each mode, to
convert travel distance into travel time. The average pace for each mode was estimated from the
Saanich E-Bike Incentive Study data (Bigazzi et al., 2024b) which collected information on both
the length and duration of travel. These modal parameters are used for an approximate
comparison across modes, recognizing that energy expenditure and the pace of travel vary
greatly across individuals and trips due to factors such as terrain, infrastructure, physical fitness,
trip purpose, and equipment.

Table 34. Assumed physical activity rate and pace by mode

Walking Cycling  E-biking  Auto Transit Other

MET 3 7 5 1.3 2 2
Marginal MET increment 2 6 4 0.3 1 1
Pace (min/km) 10 3.2 2.8 2.0 2.8 2.0

2.3.4 Open-Text Comments Analysis

Open-text comments from the survey were analyzed to examine the impacts of e-bike ownership
and the rebate program. Open-text data can complement the other analysis in this report with a
less constrained, more nuanced reflection of user experiences and priorities. All three survey
waves contained an optional open-text response area allowing participants to include detail or
make qualifications of their other responses. In Wave 1 and 2, the open-text prompt was generic:
“Do you have any comments or clarifications about the information you provided in this survey?”
In the Wave 3 questionnaire, the open-text prompt was revised to direct participants to reflect
on their e-bike ownership: “Reflecting on your past year of e-bike ownership, is there anything
else you would like to share about the benefits of owning an e-bike or the obstacles you
encountered using it?” Open-text responses from all three survey Waves were reviewed and
included in the text analysis.

All comments were first reviewed to determine whether they included a reflection about e-bike
ownership, excluding those that only provided administrative or irrelevant information. All
included comments were then manually labelled with the topics addressed in that comment.
Table 35 gives a list of the topic labels, which were iteratively developed by the research team
through manual review of the included comments. The table also identifies a sentiment
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associated with each topic, indicating whether the comments generally addressed the topicin a
positive or negative way.

Table 35. Topic definitions for labelling of open-text comments

. General . _—

Topic name sentiment Topic description

Size - Size or weight of the e-bike

Maintenance - Cost or challenge of e-bike maintenance or repair

Distance + Relationship between e-bike use and travel or trip distance

Exertion + Relationship between e-bike use and exertion, or exertion as a barrier to
cycling

Hills + Influence of hills or topography on e-bike use or experience

Weather Influence of weather on riding likelihood or experience (including factors

(0] such as precipitation, temperature, wind, daylight, or smoke/air

quality)

Riding facilities _ Requests for greater availability or quality of cycling facilities such as bike
lanes or paths

Parking facilities - Availability or quality of facilities for parking or charging e-bikes

Roadway _ Interactions with other road users or vehicles (including pedestrians,

interactions cyclists, or motorists)

Theft - Concerns about e-bike theft

Utility + Utility of the e-bike for purposes such as to commute, shop, or run
errands

New access + E-bike use to make new trips that would not have been made otherwise

Mode shift + E-bike use to replace other modes of transportation

Co-riding + Cycling with others (adults, children, or pets) on the same or separate
bicycles

Travel costs + Effects of e-bike use on travel costs

Health effects + Effects of e-bike use on mental or physical health

Enjoyment + Fun or enjoyment associated with the act of e-biking or cycling in general

Novelty _ Challenge or need of learning about e-bikes (for e-bike users or other road
users)

— Indicates negative sentiment and <-indicates positive sentiment; 0 indicates neutral or mixed

sentiment

The topic labels from all survey waves were combined to create a list of person-level binary topic
variables, indicating whether each person commented on a given topic in any wave (regardless
of how many times the person commented on that topic). Correlations among topics were
calculated using these person-level topic variables. The correlation coefficients were then
visualized as a correlation network diagram using the ‘igraph’ package for the statistical software
R (Csardi and Nepusz, 2006; R Core Team, 2025b).
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2.4 Results
2.4.1 Study Sample

Table 36 provides a summary of the equity-related personal and household variables for the
study sample. Comparisons to the study population (all BC rebate recipients) in the Part 1 report
indicate generally good representation for gender, age, and race (the only variables with data
available for study population). Approximately half of the sample is below our household income
threshold of 1.6 x LICO, with a mean LICO multiplier of 1.8. A larger portion of the sample (three
quarters) is satisfied with their household income, indicating that it meets their needs well or
very well.

Table 36. Summary of equity-related personal and household variables in the study sample

Variable name Summary statistic?
Personal
Non-man 51%
Senior (age 60+) 32%
No college 19%
Physical disability 5%
Non-white 23%
Household
Low-income 52%
LICO multiplier 1.77 (1.22)
Satisfaction with household income
Very low 3%
Low 23%
Medium 52%
High 23%

1% true for binary and categorical variables; mean (standard deviation) for continuous variable;
summary includes all 1,004 participants at Wave 1 for all variables except Income
satisfaction, which was only available in Wave 3 (N=431)
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Figure 48 shows satisfaction with household income for each household income category.
Income satisfaction generally increases with household income, although we observe both low
and high levels of satisfaction at all income levels. Differences between these two distinct
measures of financial capacity can reflect both varying financial demands across households and
non-income sources of financial capacity (existing assets for retirees, for example).

$75,000 - $100,000
$100,000 - $150,000
More than $150,000

mm Very low Low Medium B High
Figure 48. Distribution of income satisfaction by household income

Figure 49 shows satisfaction with household income by LICO multiplier, which normalizes
household income to household size and geographic context. Similar to its relationship with
household income, income satisfaction also generally increases with LICO multiplier, but we see
both high and low levels of satisfaction at all LICO levels.

s Very low Low Medium s High

Figure 49. Distribution of income satisfaction by LICO multiplier

The Part 1 of this report focused on the distribution of the study sample among major
metropolitan areas of British Columbia. Part 2 expands on this by examining the geographic
equity of the sample in two ways: first, by analyzing representation across the province’s seven
economic regions, and second by comparing rural and urban areas.
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Table 37 presents the sample, program, and general BC population distributions across BC
geographies. Overall, the rebate distribution across economic regions generally reflected the
population distribution. The Vancouver Island and Coast region is overrepresented, likely
because the District of Saanich provided funding for additional rebates for its residents.

Table 37. Sample distribution across geographies, with program and population comparisons

Number at Proportion Proportion Proportion of
of Wave 1 of BC rebate .
wave 1 - BC population
sample recipients
Cariboo 7 1% 1% 3%
Kootenay 39 4% 3% 4%
~ Lower Mainland--Southwest 489 49% 60% 60%
Eco‘nom|c Nechako/North Coast 8 1% 1% 2%
regions
Northeast 4 <1% <1% 1%
Thompson--Okanagan 127 13% 10% 12%
Vancouver Island and Coast 329 33% 25% 18%
Area Rural areas 345 34% 28% 34%!
status Urban areas 659 66% 72% 66%

! According to the definition of rural areas established above. Government of Canada (2022) uses a
different, more localized measure of rural areas, which sets the share of rural residents in BC at 13%.
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2.4.2 Mobility
2.4.2.1 E-Bike Use

This section summarizes how key travel impacts of e-bike adoption vary with the equity-related
variables described above. Figure 50 and Figure 51 present e-bike trip purpose versus household
income and satisfaction with household income. Trip purposes are similar for high- and low-
income households, with a small shift from commuting to shopping shares for low-income
households. Differences in trip purpose are larger across income satisfaction levels, as
participants with lower income satisfaction used their e-bikes much more for commuting and
much less for exercise or leisure.

Low income

Not low income 4%

Work-related
(other than commuting)

B Other

[ Exercise or leisure Social or recreational
BN Commuting I Escort or chauffeur
[ Shopping or errands

Figure 50. Average e-bike trip purpose by household income

Low 5% | 3%

Medium 6% || 5%

High

. . . . Work-related
[ Exercise or leisure Social or recreational [ | (other than commuting)

B Commuting I Escort or chauffeur B Other
[ Shopping or errands

Figure 51. Average e-bike trip purpose by satisfaction with household income
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Table 38 presents a summary of how e-bike trip purpose compares for equity-related subgroups
in comparison to everyone else; the corresponding figures are presented in Appendix E.1.1. The
table presents graphical indicators of whether certain population groups did more or less of that
type of travel than other groups.® People with disabilities, those without college degrees,
seniors, and residents of rural places reported a higher share of exercise or leisure trips. As shown
in Figure 73 in Appendix E.1.1, people with disabilities reported that 52% of their e-bike trips
were for exercise or leisure, which is the only group of people who reported more than half for
of their travel to be of one purpose.

Table 38. Variation in e-bike trip purpose shares for equity-deserving groups

Exercise or . Shopping Social or Escort or Work-
leisure Commuting or errands  recreational chauffeur related
Low household income . . A ° v °
[ ] [ ] [ ]
househald moome. v E °
Non-man . ° ° ° A* °
Non-white o A* o o o o
Disability A v \ A ° . .
No college A . . ° v o
Senior A v o o v o
Rural A v ° . v °
Economic regions:
Lower Mainland--Southwest . A* o o o v
Vancouver Island and Coast v ° A* ° ° + *
Southeast? A v v . v .

A indicates greater share and Vindicates smaller share for these participants than for others; e indicates no significant
difference in the share between these participants and others

* Statistically significant differences at a 90% confidence level; other indicated differences at 95% confidence level

1 Only regions with at least 10 participants included

2 Thompson--Okanagan or Kootenay regions

56 T-tests were used to determine statistical significance of differences
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Figure 52 and Figure 53 present mode substitution for e-bike trips versus household income and
satisfaction with household income. As mentioned above, these are related but distinct measures
of financial capacity (Figure 48). Participants from low-income households were less likely to
replace automobile trips than those from higher-income households. In contrast, participants
with lower income satisfaction were more likely to replace automobile and transit trips, and less
likely to use the e-bike to make new trips, than those with higher income satisfaction. We find
that the highest automobile mode substitution rate (44%) is reported by participants from high-
income households with low income satisfaction (possibly due to high expenses constraining
financial capacity). Conversely, the lowest automobile mode substitution rate (35%) is reported
by participants from low-income households but medium or high satisfaction with household
income (possibly due to non-income financial capacity). As with trip purposes, these results
provide contrasting information about the relationship between household income and travel
mode substitution.

Low income 36% 10%
Not low income 42% 8%

[ Walking E-biking I Taking transit New trip
I Cycling Il Auto [ Other

Figure 52. Distribution of travel modes replaced by purchased e-bike at different household income levels

Low

Medium 37% 9%
High 34% 6%

[ Walking E-biking B Taking transit New trip
I Cycling I Auto [0 Other

Figure 53. Distribution of travel modes replaced by purchased e-bike at different levels of satisfaction with
household income
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Table 39 presents a summary of how e-bike mode substitution compares for equity-related
groups in comparison to everyone else; the corresponding figures are presented in Appendix
E.1.1. Rates of automobile mode substitution were higher for people in rural areas, and lower for
those with disabilities, without a college degree, and seniors. Non-white e-bike purchasers were
more likely than others to replace walking and transit trips.

Table 39. Variation in e-bike mode substitution for equity-related groups

Category Taking

Walking Cycling E-biking Auto transit New trip

Low household income o o A v A o
Low satisfaction with A
household income * ) ‘ * *
Non-man A ° v o ° °
Non-white A* v o o A v
Disability o o o \ A o A
No college o . A* \ A o o
Senior o o A v v A
Rural o o o A v A
Economic regions?! . o o . . .

Lower Mainland--Southwest o . . v A o

Vancouver Island and Coast o . v A v o

Southeast? v . . . v A

A indicates greater share and Vindicates smaller share for these participants than for others; e indicates no significant
difference in the share between these participants and others

* Statistically significant differences at a 90% confidence level; other indicated differences at 95% confidence level

1 Regions with at least 10 participants included

2 Thompson--Okanagan or Kootenay regions

2.4.2.2 Changes in Travel Habits

This section summarizes how long-term changes in travel habits one year after purchase®’ vary
with the set of equity-related variables. Figure 54 presents average weekly PKT by mode at each
wave and Figure 55 summarizes the average long-term change in weekly PKT by different levels
of the LICO multiplier, which is a measure of household income with respect to the poverty level
based on household size and home location.®® Pre-purchase automobile use at Wave 1 was
highest for households with LICO multiplier greater than 1, as was total PKT in all waves. Increases

57 Between pre-purchase behaviour at Wave 1 and behaviour in Wave 3 approximately 12 months later
% For additional details, Figure 41 in Part 1 presents average change in weekly PKT across income categories and
Figure 78 in Appendix E.1.2 presents the change in share of long-term weekly PKT by LICO multiplier.

Impacts of BC E-Bike Rebates — Final Report: Part 2, September 2025 94



in e-biking were generally higher for those in households with incomes below 2x LICO, and
reductions in automobile use were greater for those in households with incomes above 1x LICO,
although the trends are not consistent across all LICO multiplier tiers for any mode.®°
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Figure 54. Average weekly PKT at each wave by LICO multiplier
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Figure 55. Average change in weekly PKT by mode between Waves 1 and 3, segmented by household LICO
multiplier”™

9 A study from the USA that examined the relationship between income and e-bike mode substitution found that
while higher-income responders less frequently replaced automobile travel in general, the trend was not consistent
across all income levels (Johnson et al., 2023).

70 “Other” mode is omitted
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Figure 56 presents the average PKT by mode at each of the three survey waves by satisfaction
with household income. Persons from households with lower income satisfaction reported larger
increases in e-biking. They also reported smaller pre-purchase automobile PKT and greater
decreases in automobile travel, on average. Participants from households with the lowest income
satisfaction also reduced their transit use by the largest amount.
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Figure 56. Average weekly PKT at each wave by satisfaction with household income”

Additional results on changes in weekly travel habits are presented in Appendix E.1.2. Non-men
and non-white participants increased their weekly e-biking by a smaller amount than others,
while seniors and people with disabilities or no college degree increased their weekly e-biking by
a greater amount than others. Non-white participants and persons with disabilities or no college
degree also decreased their automobile travel by a greater amount than others.

2.4.2.3 New Mobility and Access

This section examines the new mobility and access gained through e-bike adoption, by focussing
on the e-bike trips that would not have been made without the e-bike purchase (i.e., those not
substituting for other travel modes). On average, from 44 km/wk of e-bike use participants
gained 5.8 km of new mobility, including 3.6 km/wk of new travel for exercise and 2.2 km/wk of
new travel for access (utilitarian purposes). The mobility gains were greater for members of low-
income households, persons with disabilities, seniors, and those living in rural areas, and smaller
for non-man and non-white e-bike purchasers. People with disabilities experienced the largest
net increase in mobility of 13 km/wk.
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Table 40 summarizes how the new mobility varies with equity-related factors, separately for
exercise/leisure and utilitarian travel. The table presents graphical indicators of whether certain
population groups disproportionately gained new mobility. More detailed results are presented
in Appendix E.1.3.

Table 40. Variation in new mobility and access for equity-related groups

Net new Net new travel for Net new travel for
mobility exercise access
Average for all recipients 5.8 km/wk 3.6 km/wk 2.2 km/wk
Low household income A A A*
Low satisfaction with household income ° ° °
Non-man V* v * .
Non-white v v .
Disability A A .
No college ° ° °
Seniors A A A*
Rural A A °
Economic region:
Lower Mainland-Southwest ° ° °
Vancouver Island and Coast ° ° °
Southeast? A A* ]

A indicates more new net travel and Vindicates less net new travel for these participants than for others; e indicates no
significant difference in the amount of net new travel between these participants and others

* Statistically significant differences at a 90% confidence level; other indicated differences at 95% confidence level

1 Regions with at least 10 participants

2 Thompson--Okanagan or Kootenay regions

On average, from 44 km/wk of e-bike use participants gained 5.8 km of new mobility, including
3.6 km/wk of new travel for exercise and 2.2 km/wk of new travel for access (utilitarian
purposes). The mobility gains were greater for members of low-income households, persons with
disabilities, seniors, and those living in rural areas, and smaller for non-man and non-white e-bike
purchasers. People with disabilities experienced the largest net increase in mobility of 13 km/wk.

2.4.3 Affordability

Table 41 presents cost-related outcomes of rebate value, post-rebate e-bike cost, and post-
purchase travel cost savings from e-bike use for the sample overall, along with graphical
indicators for whether subgroups with certain equity-deserving attributes experienced
disproportionately positive or negative impacts on affordability. Detailed results are provided in
Appendix E.2. The travel cost savings are calculated using representative travel cost rates per PKT
by mode, as described in Section 2.3.3.2 above. On average, participants received $1,320 in
rebates and paid an additional $1,771 for the e-bike purchase. At Wave 1 (pre-purchase), the
average cost of weekly travel was $82.66, which reduced to $73.59 at Wave 3 approximately a
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year later, representing an overall reduction in travel costs of approximately 12%. Calculating
travel cost savings due to mode substitution for each reported e-bike trip yields an average
savings of $2.53 per trip.

Table 41. Variation in affordability impacts for equity-related groups

. Savings in Travel cost
Rebate value E-bike purlchase weekly travel savings per e-
cost costs? bike trip

Average for all recipients $1,320 $1,771 -$9.07 -§2.53
Low household income A A o o
Low satisfaction with household income A A A °
Non-man . . ° v
Non-white A A ° °
Disability ° ° ° °
No college A* A ° °
Senior v v i v
Rural o v . .
Economic regions®:

Lower Mainland-Southwest ° A 4 °

Vancouver Island and Coast . . . A*

Southeast* A v A -

A Indicates greater benefit (larger rebate, lower cost, greater reduction in travel cost) and ¥ indicates smaller benefit for these
participants than for others; e indicates no significant difference in benefits between these participants and others

* Statistically significant differences at a 90% confidence level; other indicated differences at 95% confidence level

1 Price paid by participants after rebate applied

2 Only available for those who completed survey wave 3

3 Regions with at least 10 participants

4 Thompson--Okanagan or Kootenay regions

Participants from low-income households and with low household income satisfaction benefited
from significantly larger rebates (a goal of the program design), leading to lower purchase costs.
Non-white participants and those without a college degree also benefitted from larger rebates
and lower purchase costs, whereas seniors received smaller rebates, and purchase costs were
higher in rural areas (although rebate values were not smaller in rural areas). Participants with
low income satisfaction gained greater weekly travel cost savings than others. Per-trip cost
savings for non-men and seniors were smaller than others, because their e-bike trips displaced
automobile use at lower rates.

Applying the average weekly travel cost reduction of $9 per participant to all 4,943 distributed
rebates and throughout the year, the program resulted in approximately $2.3 million in annual
travel cost savings for all participants combined, which extrapolates to $11.7 million in savings
over an assumed 5-year life span of an e-bike. These aggregate travel cost estimates are only
indicative, and do not account for important factors such as seasonality and intra-modal variation
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in travel costs (between electric and gasoline automobile use, for example). A more detailed
investigation of travel costs is outside the scope of this analysis, and an important direction for
future work.

2.4.4 Physical Activity

Table 42 presents changes in physical activity during travel in terms of Marginal MET Minutes
(MMM, see Section 2.3.3.3 above); detailed results are presented in Appendix E.3. On average,
participants increased their total weekly physical activity during travel from 1,077 MMM pre-
purchase to 1,230 MMM approximately a year after purchase (from 670 to 752 MMM per 100
km), representing an increase of approximately 13%. Calculating physical activity from mode
substitution for reported e-bike trips, each e-bike trip generated an average net increase of 84
MMM. Participants from households with low household income satisfaction experienced a
significantly larger increase in physical activity levels, while non-men experienced a smaller
increase. As with the travel cost estimates in the previous section, MMM calculations use fixed
rates by mode and so neglect a range of factors that can moderate an individual’s physical activity
level during travel. These results are indicative of a general net increase in total physical activity
during travel following e-bike adoption, but this is an area warranting further, detailed research
and examination.

Table 42. Variation in physical activity during travel for equity-related groups

Net change in weekly MMM Net change in MMM for
after 1 year? each e-bike trip
Average for all recipients +153 +84
Low household income o °
Low satisfaction with household income A °
Non-man V* .
Non-white o °
Disability ° °
No college o °
Senior o °
Rural o °
Economic regions?:
Lower Mainland-Southwest o °
Vancouver Island and Coast v .
Southeast? o A*

A Indicates a larger increase and V indicates a smaller increase in MMM for these participants than for others; ¢ indicates
no significant difference in gained MMM between these participants and others

* Statistically significant differences at a 90% confidence level; other indicated differences at 95% confidence level

1 Only available for those who completed survey wave 3

2 Regions with at least 10 participants

3 Thompson--Okanagan or Kootenay regions
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2.4.5 Reflections on E-Bike Adoption
2.4.5.1 Summary of Comments and Topics

Study participants left a total of 709 comments across all three waves. After filtering based on
inclusion criteria (see Section 2.3.4 above), 422 comments (59%) were included in the reflection-
specific analysis; the number of unique participants who left a comment in any wave was 322.

Table 43 presents exemplar comments for each of the labelled topics, along with the total
number and percentage’! of comments including that topic, and average word count for those
comments. Table 35 above identifies whether each topic was generally positive or negative. Most
comments address more than one topic (an average of 1.9 topics per comment), as is reflected
in the example comments. The most frequently mentioned topics are riding facilities, theft,
parking facilities, and mode shift. Maintenance had the most average words per comment, while
distance and enjoyment had the fewest.

In addition to these comments on the impacts of e-bike adoption, some participants left feedback
on the BC rebate program design or administration. Many expressed general appreciation for the
availability of the rebates or the execution of the program. Others raised issues including
concerns that the program caused e-bike prices to rise,”? difficulty covering the remaining
purchase cost due to the minimum e-bike price, and a preference for rebate applicability to e-
bike conversion kits.

71 percentages do not sum to 100% because most comments included multiple topics.

72 Regarding the concern about an incomplete “pass-through effect” of the rebate program (i.e., the extent to which
vendors captured the rebate value by raising prices), past research on a larger Swedish national e-bike rebate
program found that price impacts of the rebates were negligible, and so purchasers received the full value of the
rebates (A. Anderson et al., 2022). The relatively small number of BC rebates compared to total e-bike sales in the
province makes complete rebate pass-through even more likely for the BC program. Finally, general consumer price
inflation was high during the rebate program period, which is a more likely explanation for observed increases in e-
bike prices.
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Table 43. Topics in reflection comments and representative quotes

. Number (%) Mean
Topic Example comments
of comments  words
Riding 92 (22%) 29 “I would use my ebike MUCH more frequently if we had better infrastructure. There are far too many painted lanes where there’s an
facilities assumption of safety but the reality is that ... just a rock can cause the rider to fall of a bike or swerve in to incoming traffic.”
Theft 85 (20%) 26 “Ebikes are great and I'd highly recommend them to almost anyone. They are, however, nerve racking to park in quite a lot of the areas |
might otherwise want to go with them. It's hard to run errands in downtown Vancouver without feeling like it will be stolen.”

Enjoyment 67 (16%) 18 “The time spent riding to and from work has become a very important part of my day. Being outside, getting light exercise, and having a

transition time by myself has been great for my mood and health.”
Parking 66 (16%) 22 “Love my ebike but have to be selective where | shop as most places do not have good secure bike parking. No infrastructure here for
facilities safely locking my bike up.”
Utility 66 (16%) 22 “My wife mostly uses the ebike. | ride a conventional bike twice weekly if not raining. My wife used to bus 5 days/week to work, now she
happily rides her ebike. | drive in 2 days/week to work”

Mode shift 64 (15%) 25 “I was thinking about getting an ebike just for fun but it seemed too extravagant. But then the rebate was announced and | decided to
get a good ebike, and I love it! | work from home, but now I'm commuting my 2 yr old daughter to daycare and back every day on the
bike (would have been driving my car) and it's great.”

Roadway 48 (11%) 29 “Drivers general attitude towards cyclists can be very scary at times. Many times when riding the shoulder of a road with no cycling
interactions provisions, drivers have intentionally driven close to cyclists to scare us off the road.”
Weather 47 (11%) 28 “Weather is a bigger factor than | expected when it comes to choosing the e-bike over a conventional bike. The e-bike has become the
preferred choice in extreme conditions of rain, wind, cold, heat and poor air quality.”
Exertion 47 (11%) 23 “Due to how my body has been negatively affected during recovery from long covid having the e-bike has allowed me to be more active
and participate in family biking outings with little pain and little aftereffects”
Health 36 (9%) 22 “E-bike changed my life. | bike everyday, down 100Ibs since getting the e-bike. | can walk again without stick, honestly changed my whole
effects life...”
Co-riding 33 (8%) 25 “I can transport 2 kids on the ebike, so can travel longer distance and in shorter time than walking/stroller. We moved from Vancouver
to Victoria and find having the ebike (combined with modo car share) means we still don't need to buy a car.”
Size 33 (8%) 26 “It's not possible to take transit with our e-bike, because of its length and weight, so | can't combine their use for longer trips. It's also
very very heavy, so it's difficult to pick it up for maneuvering in tight spots. It's more like a motorcycle than a bicycle.

New access 30 (7%) 20 “My e-bike has changed how | interact with my local community. Community facilities such as the outdoor pools and community centre

in my neighbourhood are now within reach. My cycle time to work ... is significantly faster than driving or public transit.”
Hills 28 (7%) 26 “We are living in a very hilly neighbourhood and haven’t taken our conventional bikes out for 7 years because of all the hills. The e-bike
makes such a difference! Game changer!”
Maintenance 23 (5%) 23 “The biggest obstacle is parts supply and maintenance cost. A ebike requires maintenance more than a regular bike... A person with zero
skills is most likely to abandon a ebike fearing the cost of a simple repair.”
Distance 19 (5%) 18 “having the ebike has us going places and distances we would not have been able to ride.”
Novelty 13 (3%) 24 “As | am an older rider and not a very experienced cycler, it might be helpful to be part of a small group with a leader to go through safety
dos and don'ts when riding in traffic.”

Travel costs 12 (3%) 20 “We take our child to school everyday on it. | commute to work every day on it. Both of those distances are struggles with conventional
bike for us. It saves us so much time and money.”
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Figure 57 presents a correlation network diagram of which topics tend to be raised by the same
person. Larger circles represent more frequently mentioned topics, and thicker lines connect
topics that are more likely to be raised by the same person. The strongest correlation (0.50)
occurs between parking facilities and theft: concerns about poor parking infrastructure are
discussed in relation to concerns about theft, sometimes citing the high cost of e-bikes and their
likelihood to be targeted for theft. These topics are also two of the four most mentioned ones
overall (Table 43). Similarly, the next strongest correlation (0.44) is between riding facilities and
roadway interactions, with a focus on drivers and motor vehicles. Concerns about riding
infrastructure are discussed along with concerns about driver behaviour, particularly facility

Travel costs

Exertion
Co-Riding

Utility \
ode shift
/ h effects
Enjoyme
Riding facilities
\ Weather

Maintenance

New acccess
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Roadway interactions \
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Figure 57. Correlations among topics addressed in each person's comments (lines indicate correlation
coefficients >0.2; line thickness indicates correlation strength and circle size indicates overall topic

frequency)
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types that create cyclist vulnerability by exposing them to greater risk of being struck by a careless
or aggressive motorist. There is also a smaller correlation (0.25) between parking and riding
facilities.

After these two clusters of concerns about riding and parking facilities and their related risks, the
next strongest correlations are among topics related to the benefits of e-bike use, particularly
between utility and mode shift (0.36) and between enjoyment and health effects (0.35). Many
comments about commuting or shopping with an e-bike also mentioned shifting away from
another mode of travel for that trip (most commonly a motor vehicle). Mental and physical health
benefits also tended to be mentioned together, sometimes with an explicit causal connection
between them. In contrast, several topics tended to be mentioned as isolated concerns, including
e-bike maintenance, size, and novelty.

2.4.5.2 Comment Topics from Different Groups

The figures in this section show how the shares of people mentioning each topic can vary with
equity-related variables. Figure 58 gives the percentage of participants mentioning each topic
within household income satisfaction tiers. Those with low income satisfaction
disproportionately express concerns about theft and parking facilities, roadway interactions and
riding facilities, and maintenance. They were also more likely to discuss utilitarian use, mode

Parking facilities
Mode shift
Enjoyment -

Utility A
Roadway interactions A
Weather -
Exertion
Health effects -
Co-riding {—
Size A
Hills
New access
Maintenance
Distance 0 Not well

Novelty - Well
Travel cost {7 B Very well

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 58. Topic mentions by household income satisfaction
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shift, and co-riding, as well as enjoyment and health effects. In contrast, those with higher income
satisfaction were more focussed on topography, e-bike size, and making new types of trips.

Figure 59 shows shares of seniors versus non-seniors mentioning each topic. Seniors are
disproportionately focussed on riding facilities versus roadway interactions, but also more
focussed on theft than parking facilities. Utilitarian use and mode shift are less discussed by
seniors, whereas exertion, distance, hills, and health effects are greater focuses of concern. There
are some similarities with the topic frequencies for people with physical disabilities versus those
without, which also tend to focus on exertion, health, and topography (in even greater
proportions), although in contrast to senior those with a disability were also more likely to
mention enjoyment and new access (see Appendix E.4).

Riding facilities
Theft

Parking facilities
Mode shift
Enjoyment
Utility

Roadway interactions
Weather
Exertion

Health effects
Co-riding

Size

Hills

New access
Maintenance
Distance

Novelty Senior
Travel cost I Non-senior & unknown

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Figure 59. Topic mentions by age group

Figure 60 shows shares of people living in rural versus urban areas mentioning each topic. Theft,
parking facilities, and roadway interactions stand out as disproportionately urban concerns,
whereas exertion, weather, enjoyment, and riding facilities were a greater focus for rural
respondents. The patterns were similar when comparing topic mentions by geographic area (see
Appendix E.4).

Regarding other equity-related variables (see Appendix E.4), non-men were more likely to discuss
co-riding and utilitarian e-bike use, enjoyment, and e-bike size, and non-white participants were
more likely to mention theft, maintenance, and cost.
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Figure 60. Topic mentions by rural/urban areas

2.4.5.3 Transformative Impacts

During manual review, some comments were flagged as describing particularly transformative
life impacts as a result of the e-bike purchase and subsequent use. Select quotes from those
comments are presented in Table 44 to illustrate the potential for new access to an e-bike (along
with other supports) to lead to major impacts on people’s lives. We believe these comments
complement the rest of the results in this report, which focus on aggregate changes in travel
behaviour and greenhouse gas emissions, by illuminating the more diverse impacts of the rebate
program. More transformative impact comments are presented in Table 53 in Appendix E.4.

Comments on transformative impacts frequently described the benefits of greater options for
those with limited travel capacity (due to poverty, infirmity, or other constraints). This includes
individuals with limited access to a motor vehicle or inconsistent or nonexistent transit service.
Others commented on substantial improvements in physical and mental health from use of the
e-bike, as well as communities formed through shared enjoyment. The expressed health benefits
ranged from chronic conditions to daily mood and general sense of well-being. Some also
articulated the pivotal role the rebate played in enabling e-bike access that would not have been
otherwise possible.
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Table 44. Select comments on transformative impacts

Topic Example comment

New access with  “Owning an ebike has had a huge impact on my daily quality of life. | have a physical

physical disability disability which impacts my feet and it greatly reduces my ability to walk for any
significant period of time. Previously | would have had to use my car to travel even
short distances. Owning an ebike has allowed me to replace the majority of these
short trips with cycling. It's been incredibly liberating for me and | really enjoy
moving around my town by bicycle.”

Enjoyment of  “I had planned to use the e-bike to commute to work, but have not been able to
commute access it because my partner is using it to take kiddo to and from school. Kiddo
suffers from severe school anxiety, and the bike ride to and from (on a trail-a-bike

setup) is having tremendous mental health benefits. It's wonderful!”

Purchase cost  “... 1 would have never been able to afford e-bike without the rebate, $2000 just not
in this mums budget. So I'm forever grateful that | was lucky enough to get the
rebate thank you.”

Community “| started up an activity group of women aged 47 to 75. It was the ebike that was
the catalyst for doing this. | loved my bike but wasn’t riding enough without having
others to ride with but soon found like minded women. When | saw how
enthusiastic the group was | decided to find other activities to ensure we’d still get
out and exercise regardless of weather. We now hike, ebike, kayak, snowshoe, ski,
Zumba, go to the climbing gym etc because our group has coalesced around being
active. It took the bike to get us started and the group grew organically as we invited
friends of friends to join in.”

2.5 Conclusions: Part 2

2.5.1 Summary
2.5.1.1 User Impacts

Part 1 of this report examined the travel behaviour and associated greenhouse gas impacts of e-
bike adoption, which was the primary quantitative goal of the study. In Part 2 we characterized
additional impacts on users through travel affordability and physical activity during travel, along
with more qualitative dimensions of program impacts through analysis of open comments.

Regarding affordability, the rebates directly reduced e-bike purchase costs by 43% on average.
We further find that e-bike adoption led to a net decrease in weekly travel costs of around 12%
(including the costs of purchasing, maintaining, and fueling vehicles). The cost savings are largely
through displacement of automobile use, and come despite an overall increase in weekly PKT
(i.e., participants were spending less to travel more). These travel cost savings aggregate up to
around $2.3 million annually for all rebates distributed by program.
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Despite the cost benefits, travel cost savings (besides the rebate itself) were not a primary focus
of the participant reflections, which tended to focus more on other benefits such as mobility and
health. To some extent, cost may be an implicit component in participant discussions of travel
mode shift, which was a common topic. In addition, many travel costs such as motor vehicle
maintenance are not salient for travellers (Andor et al., 2020; Gossling et al., 2022), and so
adopters may not be aware of the extent of their travel cost savings.

We find that e-bike adoption led to a net increase in travel-related physical activity, averaging
13% based on the combined intensity and duration of activity. The large increase in e-biking
(which occurs at a moderate intensity level) more than offset smaller reductions in walking and
conventional cycling. Even those participants who reported using conventional bicycles at least
once a week in the month before e-bike purchase still increased their total travel-related physical
activity on average. While conventional cycling is a more vigorous activity than e-biking,
individuals who acquired an e-bike tended to subsequently cycle more frequently and for longer
durations, leading to an overall increase in physical activity. This finding is consistent with our
previous study in Saanich (Bigazzi et al., 2025) and past research (Castro et al., 2019b; Sundfgr
and Fyhri, 2017), reaffirming the potential net physical activity benefits of wider adoption of
motorized bicycles.

Benefits of e-bike adoption for mental and physical health also emerged as an important topic in
the participant reflections. One in nine participants who left a comment reflected on
improvements in their health, such as losing weight, improved physical mobility, increased
exercise, and overall feeling happier. Many comments made an explicit connection between
mental and physical health benefits, attributing enhanced mood and well-being to increased
physical activity during travel (especially commuting). Post-adoption improvements in health
state following e-bike adoption have also been reported elsewhere (C. C. Anderson et al., 2022;
Jones et al., 2016).

Another important set of topics in the participant comments related to gaining new access and
mobility, as well as shifting travel away from other, less desired modes. A key theme in the
comments describing transformative impacts is that people struggling with general health-
related physical limitations or those recovering from injuries benefited from increased mobility
through the purchased e-bikes. As one participant said: “Freedom, flexibility, and independence
is increased”. Comments about commuting or shopping with an e-bike often also mentioned
shifting away from another mode of travel for that trip (most commonly a motor vehicle). In
addition to the travel utility of e-bike trips, participants mentioned benefits through reduced
travel costs and enhanced social connections while riding with others. Consistent with some of
the quantitative findings in Part 1 of this report, enjoyment was the most-mentioned benefit of
e-bike adoption in the open text comments.
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The most commonly mentioned topics overall, however focussed on barriers to cycling, primarily
concerns about e-bike theft (and parking facilities), and concerns about the safety of available
facilities for riding the e-bike (and interactions with other road users). These concerns about theft
and traffic safety created not just anxiety for the participants, but were explicitly connected to
limiting e-bike use (i.e., people claimed they would e-bike more if these issues were addressed).
Unsafe riding facilities were often connected to general avoidance, whereas unsecure parking
facilities were often connected with not using the e-bike for certain trips or in certain areas
perceived to be riskier. Less commonly mentioned barriers were the challenges of e-bike
maintenance and inclement weather (although some preferred the e-bike over a conventional
bicycle in adverse weather conditions).

2.5.1.2 Variations with income

Income is a commonly used indicator for equity analyses, but has the limitations of not reflecting
wealth (financial capacity from existing assets) nor varying financial demands (due to factors such
as household size or existing debts). Part 1 of this report examined travel behaviour relationships
with household income; in Part 2, we examine two additional measures of financial capacity. The
first is LICO-normalized household income (LICO multiplier), which sets a reference income to
account for varying financial demand due to household size and geographic context. The second
is a self-reported household income satisfaction measure, which reflects the perceived financial
capacity of the participant’s particular household situation. Although these two measures are
positively related, there is wide variation in income satisfaction across all income levels (Figure
48 and Figure 49), reflecting nuanced financial situations.

We find some different results when comparing e-bike use based on LICO multiplier vs.
household income satisfaction. For example, the share of commute trips is higher for high-
income households, but also higher for those with lower income satisfaction. Similarly, both
automobile mode substitution rates and long-term reduction in automobile use are higher in
high-income households, and also higher for those with lower income satisfaction. These
patterns could reflect high rates of automobile mode substitution in households that have
insufficient but not necessarily low income: those with the means to do a large share of travel by
automobile, but operating within financial constraints that make mode shift more attractive.

We find that the program benefits were equitably distributed with regard to household income
using these measures. Rebate recipients in lower-income households or with lower household
income satisfaction received larger rebates and paid less for their e-bikes. Due to the differences
in automobile mode substitution noted above, those with low household income also had larger
benefits through new mobility (for both exercise and access), while those with low income
satisfaction had larger benefits through travel cost savings and increased physical activity during
travel (largely driven by automobile mode substitution). Those with low income or income
satisfaction were more likely to discuss enjoyment and health effects, although they also
disproportionately express concerns about theft and riding facilities.
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Regarding long-term changes in weekly travel behaviour, e-biking increased most for those in
households with income below 2x LICO, while automobile use decreased most for those in
households with income above 1x LICO. Hence, household income of 1x to 2x LICO appears to be
a range that enhances program goals to both increase active travel and reduce automobile
dependence. In contrast, both e-bike use and automobile displacement were high for those with
moderate to low household income satisfaction. Targeting rebate recipients who have low
income satisfaction would likely produce larger benefits, but constraining income (e.g., 1x to 2x
LICO) would be more practical for rebate conditioning.

2.5.1.3 Variations with other demographics

Regarding the distribution of benefits for other equity-deserving groups, we find mixed results.
E-bike purchase cost savings were greater for non-white recipients and those without a college
degree, whereas the savings were smaller for seniors and those living in rural areas. Those with
a disability, seniors, and living in rural areas experienced disproportional benefits through new
mobility, while non-men and non-white purchasers had smaller benefits than others. Travel cost
and physical activity benefits were mostly equally distributed with respect to equity-related
factors other than income. Seniors expressed disproportionate concerns about riding facilities
and theft, and theft was also an outsized focus of comments from those who were non-white,
had a disability, or lived in urban areas.

The disproportionally high net increase in mobility for people with disabilities (averaging 13
km/week) is an important program outcome. According to a systematic review of 115 peer-
reviewed studies by Park et al. (2023), the travel choices of persons with disabilities are often
constrained by limited access to suitable transportation options, leading to 10% to 30% fewer
trips than those without mobility challenges, particularly for non-commuting purposes. In this
context, the substantial mobility gains observed among participants with disabilities represent a
substantial equity benefit toward mobility justice.

2.5.2 Limitations

The estimation of indirect impacts of travel behaviour changes on travel costs and physical
activity in this analysis relies on fixed cost and physical activity parameters by travel mode. This
approach allows us to evaluate the aggregate impacts of travel mode substitution from e-bike
adoption, but neglects a range of influencing factors that moderate travel costs and physical
activity for individuals. The calculations also rely on the travel behaviour inputs, and so are
subject to all of the uncertainty of travel surveys discussed in Part 1. As such, the results should
be viewed as indicative of aggregate trends and applied with caution, recognizing that individual
impacts can vary greatly. More detailed investigation of the cost and health impacts of e-bike
adoption is left for other work. We were particularly struck at the lack of reliable cost parameters
to quantify typical travel costs in BC or Canada, given the major role of transportation in
household budgets.
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Regarding equity, this analysis only examined the distribution of benefits across equity-related
variables. We did not examine the effects of intersecting multiple factors, nor other types of
equity or justice such as procedural, structural, or restorative. The analysis of open text
comments allowed us to examine individual experiences in more detail than the rest of the
closed-format survey, but the depth of exploration is limited given there was only one open-
ended question.

2.5.3 Recommendations

In addition to the primary recommendations in the Part 1 report, the findings in Part 2 provide
some additional insights to inform future implementations of e-bike purchase rebate programs.
Firstly, the findings of substantial travel cost (-12%) and physical activity (+13%) net benefits
further strengthens the case for e-bike rebates to advance goals related to affordability and
health, in addition to climate mitigation. While not as easily quantified, enjoyment and well-being
are an additional important benefit and likely motivator of continued e-bike use, which
participants connected to increased physical activity and reduced automobile dependence. As
shown in some of the comments, e-bike adoption can be part of a transformative life change that
goes beyond the utilitarian benefits of a new travel mode option typically quantified in
transportation analyses (i.e., reduced travel time or cost). Future evaluations of the case for e-
bike rebates should endeavor to weigh these benefits along with the climate impacts against the
financial costs of the program.

While e-bike rebates are effective in generating new e-bike use and automobile mode shift, there
are persistent perceived barriers limiting use, particularly concerns about theft (especially in
urban areas) and poor riding facilities (especially in rural areas). Rebates cannot be the full extent
of efforts to facilitate e-bike adoption, as continued effort is also required to improve cycling
networks and mitigate bike theft (which will also enhance use of non-incentivized e-bikes and
conventional bicycles).

This analysis revealed that the relationship between income and e-bike use is complex, and
should not be simplified to a linear trend. The twin objectives of increased e-bike use and
decreased automobile use were most realized by households with moderate or low satisfaction
with income — but not necessarily low-income households (which had lower rates of automobile
substitution). Future analysis and program designs must consider what measure of income best
reflects the financial capacity they wish to capture.

In Part 1 of this report we recommended changing to a household-based income criterion. We
extend that recommendation to set LICO-based thresholds, because LICO accounts for household
size and geographic context, reflecting more of the balance between income and expenses. We
believe a threshold of around 2x LICO will prioritize income-constrained households (advancing
affordability, equity, and rebate effectiveness) while also capturing households with the potential
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for substantial automobile mode substitution (and related benefits for affordability, health, and
climate).

Regarding other potential qualifying criteria, we find that those living in non-urban areas had
higher purchase costs but disproportionately large internal and external benefits from e-bike
adoption, likely because they were living in the most auto-dependent areas. Hence, we
recommend continuing to offer the rebates province-wide, and considering geographic
distribution if revising the allocation method to a lottery-based system as recommended in Part
1 of this report.
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Appendix A. Recruitment Text

The following text was included on the rebate application form to facilitate study recruitment.
“A UBC (University of British Columbia) team led by Dr. Alex Bigazzi is conducting research on e-
bike purchase rebates. UBC would like to send you information about the study by email. This
will not obligate you to participate in the study, and no other information about you will be
shared with the research team. Participation in the study will not affect whether you receive a
purchase incentive through this program. Do you agree to share your email address with UBC? [I
agree; | do not agree]”

Appendix B. Survey Instrument
Appendix B.1. Wave 1 Questionnaire

Section 1: Consent form
Effects of Bicycle Purchases on Travel Behaviour over Time
Research Team & Study Purpose

Thank you for considering participation in this study. The study is being conducted by Dr.
Alex Bigazzi and the Research on Active Transportation (REACT) Lab at the University of British
Columbia (UBC), in collaboration with researchers at Simon Fraser University and University of
Toronto. We are investigating the effects of bicycle purchases on travel behaviour over time. We
seek study participants from the province of British Columbia who are considering purchasing or
have recently purchased or acquired an electric bicycle and are at least 19 years of age. The study
findings will help to inform programs and policies that facilitate bicycle adoption and promote
sustainable transportation.

Survey Details

To measure long-term effects, we are using a three-part study design. In Part 1 (this survey), you
will be asked to provide information about your travel habits, your household, any recent bicycle
purchase you have made, and your most recent 2 trips made using that bicycle. Then, at the end
of the survey, you will be asked if you agree to be contacted in 3 months to participate in Part 2
of this study, which is a follow-up survey about changes to your travel habits and bicycle
ownership. Part 3 of the study will be a similar follow-up survey after 12 months.

Each of the three surveys should take around 10 minutes to complete. Participation is voluntary,
and you can withdraw at any time. You may complete this survey and decline to be contacted or
participate in Part 2 or Part 3. Study data will be encrypted and your responses will remain
confidential. No personally identifying information will be included when the study findings are
presented or published.
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Draw for Ten $25 Gift Cards

You may enter a draw for one of ten $25 gift cards and/or request to have the final study results
sent to you by entering your email address below. Your email address will not be shared or used
for any other purpose. Everyone who takes the survey and enters their email address will be
considered in the prize draw (even those who withdraw or do not answer every question). Your
chance of receiving a gift card is approximately 1 in 500; all gift cards will be distributed in British
Columbia.

Contact Information

If you have any questions about this study, or if you have accessibility needs to take the survey,
including in another language, please email react.lab@ubc.ca. If you have any concerns or
complaints about your rights as a research participant and/or your experiences while
participating in this study, contact the Research Participant Complaint Line in the UBC Office of
Research Ethics at 604-822-8598 or email RSIL@ors.ubc.ca or call toll free at 1-877-822-8598
(ethics ID: H21-02361).

Click on “l agree” below to indicate your consent to participate in this survey and proceed.

e |agree
e | disagree

[Skip to end of survey if selected “I disagree”]

Do you want to enter the draw for a gift card and/or hear about the results of the study? Check
all that apply.

e | want to enter the draw for a gift card
e | want to hear about the results of this study
e | do not want to enter the draw for a gift card or hear about the results

[Display this question if did not select “I do not want to enter the draw for a gift card or hear
about the results”]

Please enter your email address. Your email will not be used for any other purposes. [open text
box]

Section 2: Bicycle purchase
Which option best describes you?

e | recently purchased an electric bike
e | am considering purchasing an electric bike
e | am not considering purchasing an electric bike
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[Display this question if answered “l am not considering purchasing an electric bike”]

We are investigating the effects of electric bike purchases on travel behaviour over time. This
survey is for those who recently purchased or are considering purchasing an electric bike. As per
your selection, you are not considering purchasing an electric bike, so you will be taken to the
end of the survey. In case you mistakenly chose “I am not considering purchasing an electric
bike”, please change your selection and proceed.

For the questions below, please tell us about your most recent electric bicycle (e-bike) purchase.
Include purchases of used bikes, and any bikes that were purchased for you.

On what date was your e-bike purchase made? [open text box]
What are the make and model of your e-bike? [open text box]

If your e-bike has an odometer, please enter the current approximate number of kilometres on
your e-bike's odometer.

e My e-bike does not have an odometer
e The number of kilometres on my e-bike's odometer is: [open text box]

What percentage of your e-bike's use do you expect will be by you (versus others in your
household)? [slide from 0 to 100%]

Section 3: First purchase, rebate, e-bike use, and recent trips

What were the main considerations in purchasing an e-bike? Please select and rank up to 3, with
most important first, by dragging and dropping your selections into the box. Top 3 considerations:

e Purchase cost e Frequency of use

e Appearance/style e Riding speed

e Weight e Riding distance

e Maintenance needs e Substitute other modes of travel
e Charging needs e Carry children

e Riding comfort e Carrycargo

e Physical effort to ride e Other [open text box]

e Funtoride
Please indicate the amount of rebates you received (or expect to receive) from Province of British
Columbia in dollars.

e | did/will not receive any rebates e $1,000
e S350 e 51,400

If you received any other rebate or financial incentive not listed above, please describe them
below. Please list source(s) and enter the amount in dollars. [open text box]
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What is the final approximate amount you paid (after any rebates described above)? Do not
include accessories such as a helmet, lock, or lights. [open text box]

[Display this question if did not select “I did/will not receive any rebates”]

If the rebate described on the previous page had not been available for this purchase, what is the
likelihood each of the following would have happened? Please click anywhere inside the bars to
move the sliders. Numbers should add up to 100%. [sliders from O to 100]

e The same purchase would have been made

o Adifferent e-bike would have been purchased

e A conventional bike would have been purchased
e No bike purchase would have been made

In the past month, what have been your main considerations in deciding whether to use your e-
bike versus another mode of travel for a trip? Please select and rank up to 3, with most important
first. Top 3 considerations:

e Travel distance e Physical exertion/exercise
e Travel time e Bike parking

e Weather e Battery charging

¢ Riding facilities e Environmental impacts

e Cargo | need to carry e Fun/enjoyment

e Accompanying travellers e Other [open text box]

Have you used your e-bike at least 2 times in the past month?
e Yes e No
[Skip to end of section if selected “No”]

We will next ask about the most recent 2 round/return trips you made with your e-bike. A
round/return trip is leaving from home and returning home again, with any number of stops
along the way. Please provide your best estimate for all questions.

What date was your most recent trip made? [open text box]
What was the main purpose of this trip?

e Travel to work or school (commuting)

e Work-related travel (other than commuting)

e Personal shopping or errands (store, bank, health appointments, etc.)

e Social, recreational, or dining (visiting friends/family, religious activity, etc.)
e Exercise/leisure trip with no main destination

e Escort/chauffeur someone on their trip (to school, work, etc.)
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e Other (please specify) [open text box]

About how many kilometres did you travel over the entire round trip? [slider from 0 to 40]

Had you not made this purchase, what is the likelihood you would have used each of the following
for this trip? Please click anywhere inside the bars to move the sliders. Numbers should add up
to 100%. [slider from 0 to 100%]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other [open text box]

e | would not have made the trip

Would the length or your trip have been different if it had been made using the most likely travel
mode indicated above?

o Yes
e No
e Not applicable (I most likely would not have made my trip)

[Display this question if selected “Yes”]

How do you expect your total trip distance would have changed?

o -75% e +25%
o -50% o +50%
e -25% o +75%

What date was your second-to-last trip made? [open text box]
What was the main purpose of this trip?

e Travel to work or school (commuting)

e Work-related travel (other than commuting)

e Personal shopping or errands (store, bank, health appointments, etc.)

e Social, recreational, or dining (visiting friends/family, religious activity, etc.)
e Exercise/leisure trip with no main destination

e Escort/chauffeur someone on their trip (to school, work, etc.)

e Other (please specify) [open text box]

About how many kilometres did you travel over the entire round trip? [slider from 0 to 40]
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Had you not made this purchase, what is the likelihood you would have used each of the following
for this trip? Please click anywhere inside the bars to move the sliders. Numbers should add up
to 100%. [slider from 0 to 100%]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other

e | would not have made the trip

Would the length or your trip have been different if it had been made using the most likely travel
mode indicated above?

o Yes
e No
e Not applicable (I most likely would not have made my trip)

[Display this question if selected “Yes”]

How do you expect your total trip distance would have changed?

o -75% e +25%
o -50% o +50%
e -25% o +75%

Section 4: Travel matrix

[For participants who reported not purchasing an e-bike, “In the month before you made this
purchase” was replaced with “In the past month”]

In the month before you made this purchase, on average how many days per week did you use
each of the following modes of travel (for any purpose, including exercise or recreation)? [from
0to7]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other
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In the month before you made this purchase, on average how many kilometers per day did you
travel with each of the following modes of travel, on days that you used them (for any purpose,
including exercise or recreation)? [sliders from 0 to 50]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other

How comfortable would you feel cycling on your own in each of the following situations? [Very
uncomfortable, somewhat uncomfortable, somewhat comfortable, very comfortable]

e On local neighbourhood streets with little traffic and low speeds
e On major streets that have bike lanes separated from traffic with a physical barrier
e On major streets that have a painted bike lane with no physical barrier

Section 5: Commute, household and personal information, and closing

This last set of questions about you and your household will help us understand the context for
e-bike adoption.

If you commute to work or school, what are the first 3 digits of the postal code (or other location
identifier) for the place to which you most often commute?

e | do not commute to work/school

e | commute to work (please enter the first 3 digits of the postal code below) [open text
box]

[Display this question if selected “I commute to work”]

In the past month, what modes of travel did you use to get to work or school? Please rank from
most to least often used by dragging and dropping your selections into the box. Modes used:

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other [open text box]

What are the first 3 digits of your home postal code? (or other home location identifier, if you
prefer, such as neighbourhood) [open text box]
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How many adults, including yourself, are living in your household? A household is defined as a
group of people who share a kitchen, and excludes visitors.

o 1 o 4
o 2 e 5
Y 3 [ ] 6+
How many children are living in your household?

e 0 o 4
o 1 e 5
o 2 [ ) 6+
e 3

What is your household dwelling type?

e Single-detached house

e Semi-detached house (duplex, row house, townhouse)
e Apartment or condominium

e Other (please specify): [open text box]

How many of each of the following working/functional vehicles are currently available to the
members of your household, including yourself? Please include personal and business vehicles.
[from O to 4+]

e Registered and insured motor vehicles (cars, trucks, motorcycles, etc.)
e Conventional bikes
e E-bikes

[Display this question if had at least 1 conventional or electric bike]
At home, where do you normally park your bike(s)? Check all that apply.

e On the street

e In ashared/common space (bike room, courtyard)
e |n a private outdoor space (balcony, patio, yard)

e Inside my unit/house

e Other (please specify): [open text box]

Do you have a driver's license?
o Yes e No
What is your age in years?

e 16-19 e 20-29
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e 30-39 e 70-79

e 40-49 e >79
e 50-59 e Prefer not to answer
e 60-69

What is your current gender identity? Check all that apply.

e Man ¢ Non-binary
e Woman e Prefer not to answer
o Not listed [open text box]
Which of the following census categories best describes you? Check all that apply.

e Meétis, First Nations, or Indigenous e Latin American

e White e Arab

e Asian e Prefer not to answer
e Black e Other [open text box]

Do you have any difficulty walking, using stairs, or doing other physical activities?

e No e Often
e Sometimes e Always

What is the highest level of education you have completed?

e Some high school or less

e Completed high school/equivalency

e College/university certificate or diploma
e Bachelor’s degree

e Graduate degree (master’s or doctorate)
e Prefer not to answer

What is your gross (pre-tax) annual household income? (in CAD)

e Lessthan $25,000 e $100,000 - S150,000
e $25,000 - $50,000 e More than $150,000
e $50,000 - $75,000 e Prefer not to answer

e $75,000 - $100,000
Thank you for participating. The survey is now complete. Do you have any comments or
clarifications about the information you provided in this survey? [open text box]

This survey was Part 1 of a 3-part study designed to investigate the effects of e-bike purchases
on travel behaviour over time. The next two parts are follow-up surveys that will ask about
changes from the responses you have given here after 3 and 12 months. Your continued
participation in the next two parts of the study will be essential to the value of your responses. If
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you select “l agree” below, an invitation email for the next survey will be sent to you in 3 months,
with up to 2 reminders. You will not be obligated to complete the survey, and can withdraw at
any time. Your email address will not be used for any other purpose. Do we have your permission
to contact you for the follow-up survey in 3 months?

e | agree to be contacted
e No—1do not wish to be contacted about the next part of the survey

[Display this question if selected “l agree to be contacted”]

Please enter your email address. Your email will not be used for any other purposes. [open text
box]

Appendix B.2. Wave 2 Questionnaire

Section 1: Consent form
Effects of Bicycle Purchases on Travel Behaviour over Time - Part 2
Research Team & Study Purpose

Thank you for considering continued participation in this study, which will be essential to the
value of your past responses. The study is being conducted by Dr. Alex Bigazzi and the Research
on Active Transportation (REACT) Lab at the University of British Columbia (UBC), in collaboration
with researchers at Simon Fraser University and University of Toronto. We are investigating the
effects of bicycle purchases on travel behaviour over time. The study findings will help to inform
programs and policies that facilitate bicycle adoption and promote sustainable transportation.

Survey Details

This is Part 2 of a 3-part study. You have been invited because you completed Part 1 and agreed
to be contacted to participate in Part 2. If you did not complete Part 1, or have any questions or
concerns about your invitation to participate in Part 2, please contact react.lab@ubc.ca.

This survey should take around 10 minutes to complete. You will be asked to provide updated
information about your travel habits, and bicycle ownership. At the end of the survey, you will
be asked if you agree to be contacted in 9 months to participate in Part 3 of this study, which is
a similar follow-up survey. Participation is voluntary, and you can withdraw at any time. You may
complete this survey and decline to be contacted or participate in Part 3. Your responses will
remain confidential, and any identifying information will be removed before the results are
presented.

Draw for Ten $40 Gift Cards
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You may enter a draw for one of ten $40 gift cards and/or request to have the final study results
sent to you by entering your email address below. Your email address will not be shared or used
for any other purpose. Everyone who takes the survey and enters their email address will be
considered in the prize draw (even those who withdraw or do not answer every question). Your
chance of receiving a gift card is approximately 1 in 500; all gift cards will be distributed in British
Columbia.

Contact Information

If you have any questions about this study or if you have accessibility needs to take the survey,
including in another language, please email react.lab@ubc.ca. If you have any concerns or
complaints about your rights as a research participant and/or your experiences while
participating in this study, contact the Research Participant Complaint Line in the UBC Office of
Research Ethics at 604-822-8598 or email RSIL@ors.ubc.ca or call toll free at 1-877-822-8598
(ethics ID: H21-02361).

Click on “l agree” below to indicate your consent to participate in this survey and proceed.
e |agree e | disagree
[Skip to end of survey if selected “I disagree”]

Do you want to enter the draw for a gift card and/or hear about the results of the study? Check
all that apply.

e | want to enter the draw for a gift card
e | want to hear about the results of this study
e | do not want to enter the draw for a gift card or hear about the results

Section 2: Still own e-bike?
[Display this question if participant reported purchasing an e-bike in Wave 1 questionnaire]

Do you still own the e-bike you previously told us about in the Part 1 survey? Make and model
of your e-bike from part 1 survey: [model specified by participants in Wave 1 questionnaire]

e Yes, | still own that e-bike
e No, | do not (if possible, please elaborate why not?) [open text box]

[Display this question if participant reported not purchasing an e-bike in Wave 1 questionnaire
or selected “No, | do not” in previous question]

Which option best describes you regarding the e-bike you told us about in Part 1?

e | replaced that e-bike with another e-bike
e | did not replace that e-bike
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[Display this question if selected “I replaced that e-bike with another e-bike”]

Which option best describes you?

e | recently purchased an e-bike
e | am considering purchasing an e-bike
e | am not considering purchasing an e-bike

[The following questions are similar to section 2 in Wave 1 questionnaire with questions
regarding newly purchased e-bikes]

For the questions below, please tell us about your most recent electric bicycle (e-bike) purchase.
Include purchases of used bikes, and any bikes that were purchased for you.

For the questions below, please tell us about your most recent electric bicycle (e-bike) purchase.
Include purchases of used bikes, and any bikes that were purchased for you.

On what date was your e-bike purchase made? [open text box]
What are the make and model of your e-bike? [open text box]

What percentage of your e-bike's use do you expect will be by you (versus others in your
household)? [slide from 0 to 100%]

Section 3: First purchase, and rebate

[This section is similar to section 3 in Wave 1 questionnaire with questions regarding newly
purchased e-bikes and was shown to participants if they reported purchasing an e-bike in this
wave]

What were the main considerations in purchasing an e-bike? Please select and rank up to 3, with
most important first, by dragging and dropping your selections into the box. Top 3 considerations:

e Purchase cost e Frequency of use

e Appearance/style e Riding speed

e Weight e Riding distance

e Maintenance needs e Substitute other modes of travel
e Charging needs e Carry children

e Riding comfort e Carrycargo

e Physical effort to ride e Other [open text box]

e Funtoride
Please indicate the amount of rebates you received (or expect to receive) from Province of British
Columbia in dollars.

e | did/will not receive any rebates e 5350
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e 51,000 e $1,400

If you received any other rebate or financial incentive not listed above, please describe them
below. Please list source(s) and enter the amount in dollars. [open text box]

What is the final approximate amount you paid (after any rebates described above)? Do not
include accessories such as a helmet, lock, or lights. [open text box]

[Display this question if did not select “I did/will not receive any rebates”]

If the rebate described on the previous page had not been available for this purchase, what is the
likelihood each of the following would have happened? Please click anywhere inside the bars to
move the sliders. Numbers should add up to 100%. [sliders from 0 to 100]

e The same purchase would have been made

o Adifferent e-bike would have been purchased

e A conventional bike would have been purchased
e No bike purchase would have been made

In the past month, what have been your main considerations in deciding whether to use your e-
bike versus another mode of travel for a trip? Please select and rank up to 3, with most important
first. Top 3 considerations:

e Travel distance e Physical exertion/exercise
e Travel time e Bike parking

e Weather e Battery charging

e Riding facilities e Environmental impacts

e Cargo | need to carry e Fun/enjoyment

e Accompanying travellers e Other [open text box]

Section 4: E-bike use and recent trips

If your e-bike has an odometer, please enter the current approximate number of kilometres on
your e-bike's odometer.

e My e-bike does not an odometer
e The number of kilometres on my e-bike's odometer is: [open text box]

In the past month, what have been your main considerations in deciding whether to use your e-
bike versus another mode of travel for a trip? Please select and rank up to 3, with most important
first. Top 3 considerations:

e Travel distance e Riding facilities
e Travel time e Cargo | need to carry
e Weather e Accompanying travellers
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e Physical exertion/exercise e Environmental impacts

e Bike parking e Fun/enjoyment
e Battery charging e Other [open text box]

How has your experience been with the following aspects of your e-bike, compared to your
expectations? [sliders from -10 to 10]

e OQverall experience e Safety

e How often you use it e Parking

e Enjoyment/fun e Charging

e Riding comfort e Other [open text box]

Have you used your e-bike at least 2 times in the past month?
o Yes e No
[Skip to end of section if selected “no”]

We will next ask about the most recent 2 round/return trips you made with your e-bike. A
round/return trip is leaving from home and returning home again, with any number of stops
along the way. Please provide your best estimate for all questions.

What date was your most recent trips made? [open text box]
What was the main purpose of this trip?

e Travel to work or school (commuting)

e Work-related travel (other than commuting)

e Personal shopping or errands (store, bank, health appointments, etc.)

e Social, recreational, or dining (visiting friends/family, religious activity, etc.)
e Exercise/leisure trip with no main destination

e Escort/chauffeur someone on their trip (to school, work, etc.)

e Other (please specify) [open text box]

About how many kilometres did you travel over the entire round trip? [sliders from 0 to 40]

Had you not made this purchase, what is the likelihood you would have used each of the following
for this trip? Please click anywhere inside the bars to move the sliders. Numbers should add up
to 100%. [sliders from 0 to 100%]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)
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e Other [open text box]

e | would not have made the trip

Would the length or your trip have been different if it had been made using the most likely travel
mode indicated above?

e Yes
e No
e Not applicable (I most likely would not have made my trip)

[Display this question if selected “Yes”]

How do you expect your total trip distance would have changed?

o -75% o +25%
o -50% e +50%
o -25% o +75%

What date was your second-to-last trip made? [open text box]
What was the main purpose of this trip?

e Travel to work or school (commuting)

e Work-related travel (other than commuting)

e Personal shopping or errands (store, bank, health appointments, etc.)

e Social, recreational, or dining (visiting friends/family, religious activity, etc.)
e Exercise/leisure trip with no main destination

e Escort/chauffeur someone on their trip (to school, work, etc.)

e Other (please specify) [open text box]

About how many kilometres did you travel over the entire round trip? [sliders from 0 to 40]

Had you not made this purchase, what is the likelihood you would have used each of the following
for this trip? Please click anywhere inside the bars to move the sliders. Numbers should add up
to 100%. [sliders from 0 to 100%]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other [open text box]

e | would not have made the trip
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Would the length or your trip have been different if it had been made using the most likely travel
mode indicated above?

o Yes
e No
e Not applicable (I most likely would not have made my trip)

[Display this question if selected “Yes”]

How do you expect your total trip distance would have changed?

o -75% e +25%
o -50% o +50%
o -25% e +75%

Section 5: Experienced incidents

While riding your e-bike, have you had an incident where you fell to avoid contact, caused
someone to fall, or made contact with another person or vehicle?

e Yes e No
[Display this question if selected “Yes”]
With which of the following other road users have you had an incident? Check all that apply.

e Pedestrian

e Cyclist or someone on a scooter, skates, or other wheeled device
e (Car, truck, van, motorcycle or other registered motor vehicle

e Fixed object or other fall with no one else involved

[Display this question if selected “Yes”]
How serious was the most severe incident for you?

e Very serious (overnight hospital stay)

e Serious (hospital visit, not overnight stay)
e Minor (scrapes and bruises)

e Noinjury (property damage only)

e Noinjury, no property damage

Section 6: Travel matrix, commute, household and personal information, and closing

In the past month, on average how many days per week did you use each of the following modes
of travel (for any purpose, including exercise or recreation)? [from 0 to 7]
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e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other

In the past month, on average how many kilometers per day, on days used, did you travel with
each of the following modes of travel, on days that you used them (for any purpose, including
exercise or recreation)? [sliders from 0 to 50]

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other

How comfortable would you feel cycling on your own in each of the following situations? [Very
uncomfortable, somewhat uncomfortable, somewhat comfortable, very comfortable]

e Onlocal neighbourhood streets with little traffic and low speeds
e On major streets that have bike lanes separated from traffic with a physical barrier
e On major streets that have a painted bike lane with no physical barrier

Did you take a course on cycling skills or safety in the past 12 months?

e Yes
e No
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If you commute to work or school, what are the first 3 digits of the postal code (or other location
identifier) for the place to which you most often commute?

e | do not commute to work/school

e | commute to work (please enter the first 3 digits of the postal code below) [open text
box]

[Display this question if selected “I commute to work”]

In the past month, what modes of travel did you use to get to work or school? Please rank from
most to least often used by dragging and dropping your selections into the box. Modes used:

e Walking, running, or mobility device

e Conventional bike

e E-bike

e (Car, truck, or motorcycle (private, shared, or taxi)
e Public transit (bus, ferry, etc.)

e Other

This last page of questions about you and your household shows the responses you provided in
the Part 1 survey. Please review the answers you provided in the Part 1 survey.

[The responses to demographics questions provided in Wave 1 questionnaire presented to
participants here]

Is this information still correct?

e Yes
e No - need to update some answers

[Display this question if selected “No - | need to update some answers”]

e Please select the questions you would like to update. Check all that apply.

e What are the first 3 digits of your home postal code?

e How many adults, including yourself, are living in your household?

e How many children are living in your household?

e How many registered and insured motor vehicles does your household have?
e How many conventional bikes?

e How many e-bikes?

e What is your household dwelling type?

e Where do you normally park your bikes(s)?

e Do you have any difficulty walking, using stairs, or doing other physical activities?
e Do you have a driver's license?
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[Questions selected above were presented again for participants to update their answers]

Have there been any other changes in your life situation that have significantly affected your
travel habits? If so, please describe. [open text box]

Thank you for participating. The survey is now complete. Do you have any comments or
clarifications about the information you provided in this survey? [open text box]

This survey was Part 2 of a 3-part study designed to investigate the effects of e-bike purchases
on travel behaviour over time. Part 3 is another follow-up survey that will ask about changes from
the responses you have given here in 9 more months. Your continued participation in the last
part of the study will be essential to the value of your responses. If you select “l agree” below, an
invitation email for the next survey will be sent to you in 9 months, with up to 2 reminders. You
will not be obligated to complete the survey, and can withdraw at any time. Your email address
will not be shared or used for any other purpose.

Do we have your permission to contact you for the follow-up survey in 9 months?

e | agree to be contacted
e | disagree — | do not wish to be contacted about the next part of the survey

Please enter your email address. Your email will not be used for any other purposes. [open text
box]
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Appendix B.3. Wave 3 Questionnaire

[The Wave 3 questionnaire was materially the same as the Wave 2 questionnaire. In addition,
the following four questions were added to section 6]

Which of the following best describes your attitude towards cycling?

e No way, no how

e Interested but concerned

e Enthused and confident

e Strong and fearless

e | don’t know/Prefer not to answer

To what extent does your annual household income satisfy your household’s needs?

e Very well
o Well

e Not so well
e Not atall

e | don’t know/Prefer not to answer

Do you consent to be contacted in 1 to 5 years for a possible future follow-up study on longer-
term cycling impacts?

e Yes, | consent to be contacted
e No, | do not wish to be contacted

[OPTIONAL] Reflecting on your past year of e-bike ownership, is there anything else you would
like to share about the benefits of owning an e-bike or the obstacles you encountered using it?
[open text box]
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Appendix C.

Part 1 Additional Results

Table 45. Moderators of the intervention (after e-bike purchase) effect on automobile and e-bike PKT

Automobile PKT (proportional
change post-purchase)

E-bike PKT (proportional change

post-purchase)

Reference Moderated P- Reference Moderated P-

effect effect value!  effect effect value?
Days since purchase -0.19 -0.19 0.58 16.35 16.27 0.29
Rebate value ($100) -0.20 -0.21 0.38 15.71 15.71 >0.99
Purchase marginality -0.20 -0.20 0.82 15.77 15.97 0.37
Age (10y) -0.20 -0.20 0.69 15.75 15.84 0.85
Physical disability -0.20 -0.20 0.52 15.32 15.32 0.23
Non-white -0.18 -0.18 0.17 16.91 16.91 0.21
Natural log of income (In($10,000)) -0.20 -0.28 0.05 15.62 13.16 0.17
Children in household -0.19 -0.23 0.60 17.10 12.99 0.17
Bike parking inside -0.21 -0.20 0.95 12.25 19.11 0.02
Commuter -0.14 -0.28 0.03 12.73 19.38 0.02
Cycling pre-purchase -0.21 -0.20 0.91 10.23 28.44 <0.01
Experienced injury crash with new e-bike -0.20 -0.29 0.40 15.71 17.18 0.57
Population density (100 people/km?) -0.20 -0.21 0.58 15.74 15.73 0.92
Season: fall or spring? -0.16 -0.32 0.36 19.02 16.37 0.92
Season: winter? -0.16 -0.22 0.39 19.02 13.24 0.07
Average winter temperature (°C) -0.20 -0.20 0.88 15.77 15.75 0.83
Non-auto access score -0.21 -0.21 0.15 16.01 15.89 0.33
Biking infrastructure density (km/km?) -0.21 -0.21 0.15 15.84 15.77 0.58
10On moderated effect (vs. reference effect)
2 Reference level - summer
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Appendix D. Part 2 External Data References

Appendix D.1. Low Income Cut-Offs

Table 46 presents the Federal pre-tax Low Income Cut-Offs (LICO) (Government of Canada, 2016) used for each of three
geographies: Vancouver, Kelowna & Victoria, and Elsewhere, along with the 1.6x LICO threshold used to compute the “Low Income”
household variable. The last column identifies the relevant income brackets from the survey data, rounded to the nearest $25,000.

Table 46. Low income cut-offs (LICO)

2022 federal cut-off 160% of federal cut-off Corresponding income bracket cut-off
1 person $25,146 $40,200 < $50,000
Elsewhere - 2 persons $31,304 $50,100 < $50,000
Based on 3 persons $38,484 $61,600 < $50,000
population 4 persons $46,726 $74,800 < $75,000
30,000 to 5 persons $52,996 $84,800 < $75,000
99,999 6 persons $59,771 $95,600 < $100,000
7 persons or more $66,546 $106,500 < $100,000
1 person $25,303 $40,500 < $50,000
Kelowna & 2 persons $31,498 $50,400 < $50,000
:‘;::J'gn' 3 persons $38,723 $62,000 < $50,000
population 4 persons $47,016 $75,200 < $75,000
5 persons $53,323 $85,300 < $75,000
100,000 to
499,999 6 persons $60,142 $96,200 < $100,000
7 persons or more $66,958 $107,100 < $100,000
1 person $29,380 $47,000 < $50,000
Vancouver - 2 persons $36,576 $58,500 < $50,000
Based on 3 persons $44,966 $71,900 < $75,000
population 4 persons $54,594 $87,400 < $75,000
500,000 and 5 persons $61,920 $99,100 < $100,000
over 6 persons $69,835 $111,700 < $100,000
7 persons or more $77,751 $124,400 < $150,000
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LICO multiplier values for each income bracket from the survey are presented in Table 47, calculated as a ratio of the mid point of

the income bracket to the corresponding 2022 Federal LICO.

Table 47. LICO multipliers by federal cut-offs and income brackets

Elsewhere - Based on population 30,000 to 99,999

Income bracket
Less than $25k $25k-50k $50k-S75k $75k-$100k $100k-$150k  More than $150k
Corresponding mid-point

Household size 2022 federal cut-off $12,500 $37,500 $62,500 $87,500 $125,000 $175,000
1 person $25,146 0.50 1.49 2.49 3.48 4.97 6.96
2 persons $31,304 0.40 1.20 2.00 2.80 3.99 5.59
3 persons $38,484 0.32 0.97 1.62 2.27 3.25 4.55
4 persons $46,726 0.27 0.80 1.34 1.87 2.68 3.75
5 persons $52,996 0.24 0.71 1.18 1.65 2.36 3.30
6 persons $59,771 0.21 0.63 1.05 1.46 2.09 2.93
7 persons or more 566,546 0.19 0.56 0.94 1.31 1.88 2.63

Kelowna & Victoria - Based on Population 100,000 to 499,999

Income bracket
$50k-$75k $75k-$100k $100k-$150k  More than $150k
Corresponding mid-point

Less than $25k $25k-50k

Household size 2022 federal cut-off $12,500 $37,500 $62,500 $87,500 $125,000 $175,000
1 person $25,303 0.49 1.48 2.47 3.46 4.94 6.92
2 persons $31,498 0.40 1.19 1.98 2.78 3.97 5.56
3 persons $38,723 0.32 0.97 1.61 2.26 3.23 4.52
4 persons $47,016 0.27 0.80 1.33 1.86 2.66 3.72
5 persons $53,323 0.23 0.70 1.17 1.64 2.34 3.28
6 persons $60,142 0.21 0.62 1.04 1.45 2.08 2.91
7 persons or more $66,958 0.19 0.56 0.93 1.31 1.87 2.61
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Vancouver - Based on Population 500,000 and over

Income bracket
Less than $25k $25k-50k $50k-S75k $75k-$100k $100k-$150k  More than $150k
Corresponding mid-point

Household size 2022 federal cut-off $12,500 $37,500 $62,500 $87,500 $125,000 $175,000
1 person $29,380 0.43 1.28 2.13 2.98 4.25 5.96
2 persons $36,576 0.34 1.03 1.71 2.39 3.42 4.78
3 persons $44,966 0.28 0.83 1.39 1.95 2.78 3.89
4 persons $54,594 0.23 0.69 1.14 1.60 2.29 3.21
5 persons $61,920 0.20 0.61 1.01 1.41 2.02 2.83
6 persons $69,835 0.18 0.54 0.89 1.25 1.79 2.51
7 persons or more $77,751 0.16 0.48 0.80 1.13 1.61 2.25
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Appendix D.2.

Internal Travel Costs Assumptions

Table 48. Internal travel cost assumptions

Mode Assumption Value (units)
Conventional bike Lifetime distance travelled 15,000 (km)
Annual distance travelled 2,500 (km)
Purchase cost 1,500 (S)
Annual maintenance 150 ($)
E-bike Lifetime distance travelled 25,000 (km)
Annual distance travelled 3,000 (km)
Purchase Cost 1,900 (S)
Annual maintenance 200 (S)
Fuel cost (electric) 0.15 ($/kw)
Auto Lifetime distance travelled 250,000 (km)
Annual distance travelled 12,000 (km)
Principle cost 51,152 (S)
Interest 9,696(S)
Annual maintenance 1,000 (S)
Fuel cost (electric) 0.15 ($/kw)
Fuel efficiency (electric) 18 (kW/100km)
Fuel cost (gas) 1.8 (S/L)
Fuel efficiency (gas) 8 (L/100km)
Annual insurance 1,800 ($)
Annual license/fees 100 (S)
Annual parking 1,800 (S)
Percent of electric vehicles 5%
Percent of motor vehicles bought on loan 50%
Transit Average trip distance 12.9 (km)
Average trip fare 3(S)
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Appendix E. Part 2 Additional Results

Appendix E.1. Mobility Impacts
Appendix E.1.1.  E-bike Trip Purpose and Mode Substitution
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Figure 61. Average e-bike trip purpose by LICO multiplier
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Figure 62. Average e-bike trip purpose by gender

Impacts of BC E-Bike Rebates — Final Report, September 2025




Senior

Non-senior & unknown

) . . . Work-related

[ Exercise or leisure " Social or recreational (other than commuting)
BN Commuting BN Escort or chauffeur B Other

[ Shopping or errands

Figure 63. Average e-bike trip purpose by senior status
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Figure 64. Average e-bike trip purpose by educational attainment
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Figure 65. Average e-bike trip purpose by disability status
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Figure 66. Average e-bike trip by race
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Figure 67. Average e-bike trip purpose for rural versus urban residents
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Figure 68. Average e-bike trip purpose by economic region
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Figure 69. Average e-bike mode substitution by LICO multiplier
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Figure 70. Average e-bike mode substitution by gender
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Figure 71. Average e-bike mode substitution by senior status
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Figure 72. Average e-bike mode substitution by educational attainment
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Figure 73. Average e-bike mode substitution by disability status
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Figure 74. Average e-bike mode substitution by race
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Figure 75. Average e-bike mode substitution by rural area
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Figure 76. Average e-bike mode substitution by economic region

Appendix E.1.2.  Changes in Weekly Travel Habits
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Figure 77. Average change in share of weekly PKT by mode, segmented by household LICO multiplier”®
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Figure 78. Average PKT change between Waves 1 & 3 by gender
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Figure 79. Average PKT change between Waves 1 & 3 by senior status
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Figure 80. Average PKT change between Waves 1 & 3 by educational attainment
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Figure 81. Average PKT change between Waves 1 & 3 by disability status
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Figure 82. Average PKT change between Waves 1 & 3 by race
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Figure 83. Average PKT change between Waves 1 & 3 by LICO multiplier
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Figure 84. Average PKT change between Waves 1 & 3 by rural area
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Appendix E.1.3.

New Mobility and Access

Table 49. New mobility and access estimates in weekly PKT

Category Variable New e-biking New e—b|k'|ng New e-biking
for exercise for access
All recipients | None 5.7 35 2.1
i 7.2 4.4 2.8
LICO Low income
Not low income 4.4 2.8 1.6
Income Not well 5.9 3.2 2.7
satisfaction Well 5.5 3.5 2.0
level Very well 5.9 3.7 2.2
Non-man & 4.7 28 1.8
Gender unknown
Man exclusive 6.8 4.4 2.4
Non-white 3.6 2.0 1.6
Race
White & unknown 6.3 4.0 2.3
Disability 13.0 10.0 3.0
Disabilit isabili
y No disability & 53 39 51
unknown
. No college & 73 41 39
Education unknown
College 53 34 1.9
Senior 8.9 6.0 2.9
Senior status -seni
Non-senior & 43 55 18
unknown
. Rural 8.0 5.7 2.3
Location
Urban 4.7 2.7 2.0
Kootenay 7.1 4.4 2.7
Lower Mainland--
‘ Southwest 5.3 3.1 2.2
Economic
regions Thompson-- 9.2 6.4 28
Okanagan
Vancouver Island
4, . 1.7
and Coast 9 3.3

! For regions with at least 10 participants
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Appendix E.2. Affordability
Table 50. Total weekly costs - only those who took Wave 3
Internall Internal2 Internal3 | Externall External2 External3 | Totall Total2 Total3
Walking 0.00 0.00 0.00 0.28 0.22 0.24 0.28 0.22 0.24
Cycling 2.66 0.98 1.22 1.71 0.63 0.78 437 1.61 2.00
E-biking 1.18 6.93 7.54 0.89 5.19 5.66 2.07 12.12 13.20
Auto 73.34 54.50 59.94 48.23 35.83 3942 121.57 90.33 99.36
Transit 5.56 432 3.90 217 1.69 1.53 7.73 6.01 5.42
Other 0.34 0.14 0.1 017 0.07 0.06 0.51 0.21 017
Total 83.08 66.87 72.71 53.45 43.63 47.69 136.53 110.50 120.39
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Figure 86. Average rebate value by LICO multiplier

Impacts of BC E-Bike Rebates — Final Report, September 2025

157



Table 51. Affordability Summary

. Wave 1 travel Wave 3 travel Change Wave 1 Savings

Bike cost cost? cost to Wave 3 ore.

Category Variable Rebate pa.id. by Total Cost Total Cost Total Savings pbike

participant | ' per | travel  per savings  Pe" trip

100km | cost  100km 100km

All None $1,320 $1,771 $82.7 $45.0 | $73.6 S$39.1 -$9.1 -$5.8 -§2.5
recipients

Low income $1,381 $1,607 $77.8 $43.8 | $71.2 S$38.8 -$6.7 -$5.0 -$2.3

Lico Not low income $1,259 $1,962 $83.0 $44.5 | S$72.0 $38.4 | -$11.0 -$6.0 -82.7

Income Not well $1,360 $1,591 $75.5 $45.4 | $64.7 $37.8 | -$10.8 -$7.7 -$2.9

satisfaction | Well $1,310 $1,907 $84.1 $43.9 | $82.5 $435 -$1.6 -$0.3 -S$2.4

level Very well $1,277 $2,259 $87.7 $45.3 | $76.7 $38.8 | -$11.0 -$6.5 -§2.5

Non-man & unknown $1,316 $1,782 $82.6 $43.8 | $69.8 $39.1 -$12.8 -$4.7 -8§2.2

Gender Man exclusive $1,323 31,770 | $82.5 9458 | $783 $39.0 | -$42  -$6.8 | -$2.9

Non-white $1,356 $1,405 $89.3 $43.0 | $80.7 S$38.6 -$8.6 -$4.4 -$2.6

Race White & unknown $1,306  $1,912 | $80.4 9453 | $71.6 $39.2 | -$88  -$6.1 | -$2.5

o Disability $1,317 $2,117 $99.2 $54.2 | $S749 $41.2 -$24.3  -$13.0 -8§2.2

Disability |\ disability & unknown $1,319  $1,759 | $81.6 $44.2 | $737 $389 | -$7.9 853 | -$2.6

. No college & unknown $1,343 $1,503 $83.3 $455 | $78.6 $37.1 -$4.8 -$8.4 -S$2.4

Education | ) lege $1,314  $1,836 | $82.4 $44.6 | $729 $39.4 | $9.6  $52 | -$2.6

Senior Senior $1,288 $2,042 $80.5 $43.7 | $73.2 $38.2 -$7.4 -$5.5 -$2.1

status Non-senior & unknown $1,331 $1,679 $87.7 S$47.3 | $754 S$41.1 | -$12.3 -$6.2 -§2.7

) Rural $1,304 $1,971 $96.8 $52.9 | $90.1 $45.2 -$6.7 -$7.7 -$2.8

Location | ) pan $1,325  $1,702 | $77.7 $41.9 | %682 $369 | 695 850 | -$2.4

Kootenay $1,276 $1,991 $91.3 $50.5 | $77.5 S$41.1 -$13.8 -$9.4 -$1.3

Economic | Lower Mainland--Southwest | $1,332  $1,613 | $80.5 $41.2 | $67.1 $36.0 | -$13.5  -$5.2 | -S2.4

regions? Thompson--Okanagan $1,284 $2,060 $96.9 $56.4 | $96.1 $45.0 -$0.8 8114 | -S2.6

Vancouver Island and Coast | $1,311 $2,014 $80.2 S$47.0 | $78.9 S$43.0 -$1.3 -$4.0 -83.1

1For those who took Wave 3 survey
2For regions with at least 10 participants
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Appendix E.3.

Table 52. Physical Activity — Marginal MET Minutes (MMM)

Physical Activity

Wave 1! Wave 3 Wave 1to MMM
Wave 3 change
Category Variable MMM MMM pl:iL:-
Total Total Net MMM per trip
MMM 100km MMM 100km MMM 100km
All None 1,077 670 1230 752 153 82 84
recipients
Low income 916 671 1152 761 236 90 77
Lico Not low income 1,234 693 1297 759 63 66 89
Income Not well 976 631 1061 760 84 129 84
satisfaction Well 1,233 730 1192 683 -40 -46 76
level Very well 1,089 672 | 1301 757 212 85 78
Non-man & unknown 1,134 695 1177 764 42 68 80
Gender Man exclusive 1,026 650 | 1299 741 | 273 90 89
Non-white 1,095 617 1235 715 139 97 77
Race White & unknown 1,079 692 | 1235 765 | 156 72 87
o Disability 686 507 | 1276 728 | 589 220 75
Disability |\ 0 disability & unknown 1106 684 | 1233 754 | 126 70 85
No college & unknown 1022 650 1342 763 319 112 89
Education | ) lege 1095 679 | 1214 751 | 119 72 84
Senior Senior 1051 667 | 1238 760 | 187 93 84
status Non-senior & unknown 1164 692 1227 736 63 43 87
) Rural 999 565 1164 651 165 85 89
Location Urban 1112 711 | 1259 788 | 147 76 83
Kootenay 1117 658 1063 785 -54 126 44
f:;’;‘;’;‘c Lower Mainland--Southwest | 1164 713 | 1276 803 111 90 83
Thompson--Okanagan 1049 500 1303 662 254 161 105
Vancouver Island and Coast 913 665 1128 679 214 14 83
1For those who took Wave 3 survey
2For regions with at least 10 participants
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Appendix E.4. Reflections on E-bike Adoption

Table 53. Additional transformative impact comments

The e-bike is our second vehicle. My husband takes our vehicle to work, leaving me with no vehicle.

| plan on using it for days when my disabilities flare (to get to work when | can't conventional bike), and to help me access more affordable grocery stores (like
superstore/costco) that | would otherwise need a car for. | do not like using the bus in my city, it is unreliable and often unavailable .... So | often am forced to bike at the
detriment to my health, or do not show up for work on days | cannot bike. This compromises me in a way | think the ebike will fully fix.

I am legally blind. Bus a lot. | can safely ride my e-bike slowly on quiet roads

Recent rehab for pulmonary fibrosis made bike essential to maintain any function, so the ebike | bought has a rack which does hold my oxygen tank. Only drawback is with
such a valuable bike, | can't safely park it to shop. So, the bus is part of the way | go.

| want to emphasize and re-emphasize how getting an e-bike has been a life changing purchase. Sadly, purchasing an e-bike really was only within reach after saving up for a
year, selling my conventional bike, and then qualifying for the $1400 rebate. ... My e-bike has opened up so many doors for me when it comes to transportation in Vancouver,
everyone deserves to feel this mobile.

| have a child on the ASD spectrum. He is considered non-verbal and is home schooled. We have to drive around to go to his therapy sessions. We are hoping to use the e-
bike cargo bike we recently purchased for this purpose. He doesn't sit on chairs, or on his bum in general. However, he does sit in the car seat and will sit on his bike seat. At
the moment he has not sat on the back of the e-bike yet and he is resisting. We have it in our living room so he can access it on his own terms and hopefully sit on it...

| am a very fit senior who lives with severe ankylosing spondylitis. On bad days | walk with a cane. | have relied on our car for in city trips because | do not trust the bus system
and find it difficult when I have problems walking. Having an ebike allows me greater mobility without relying on my auto....

My ebike is a tricycle. | feel very safe oniit. | have osteoarthritis and have had 2 knee replacements. My major use of the bike is to go to the swimming pool, the gym, visiting
friends in the community and going to the grocery store for small shopping. | often have to use canes when walking. | am much more physically active when | can use my
bike rather than my car. It is hard for me to get into and exit my car. | am also more socially active when | can visit friends rather than using the car or trying to walk. This
bike has brought a lot of happiness ..... it is much for flexible than a mobility scooter. | get more places over rougher roads and trails. | get to go on lovely scenic rail trails and
avoid busy highways and streets. It means | can stay in my out of town residence and not have to move to a more expensive residence in the city close to the things | need. |
am also hoping it keeps me from having to go into a care facility...

Needing to move cargo make it more likely to use ebike vs conventional because | had no car for weeks at a time.

| believe getting my e-bike has been a life changer overall. And | want to deeply thank the people who have made this blessing possible in my life. | save money on gas and
get to explore more places and climb up hills that | Never Did Before. Many Thanks!!!

| have permanent disabilities my ebike makes me mobile

The e-bike has given me the confidence to make longer and more difficult bike trips that | would not have attempted on a conventional bike. These longer trips have enriched
my physical and mental well being and have allowed me to discover the beauty of both the urban and rural areas of British Columbia. | am so happy with the support provided
by the province that allowed me to make my e-bike purchase.
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Purchasing an ebike upgraded my life. After experiencing deep grief losing several family members and two best friends my health declined and income dropped from
embarrassingly comfortable to well below the poverty line. | use my car for heavy errands and emergencies but only one or two times per month. No idea why I'm paying for
insurance! The ebike gets me out daily to parts of town | wouldn't walk or drive to. It gives me longer range and better hill climbing capacity. | made a Facebook group and
am arranging 'group E rides.' ... After riding in July and August 2023, | got out of my grief shell enough to volunteer for the last 52 Sundays at the local united church soup
kitchen. | credit that in part to seeing a better world on two wheels. ... Overall, I'm really grateful for this lifesaving machine. It rekindled my love of being an avid cyclist (age
5 to 38), let me see nearby natural wonders and feel the wind without a windshield. | know so many people who could use the same life upgrade and am now looking into
how | can use my teaching, entrepreneurial and grant writing skills to make that happen. Healed people heal people and communities, right? ...

This e bike purchase with the rebate was one of the best purchases I have ever made in my life. The value that | have gotten is 10/10

As expected, | find that my days of riding a conventional bike are decreasing mostly due to age as | will be 65 this year. A 50 km bike ride is much more difficult than it was
when | was 30. Now | am able to go out for a ride from 10 to 60 km on an e-Bike that | probably wouldn't do on a conventional bike. | still feel like I'm getting a good cardio
workout as | try to ride in Eco mode as much as possible and I'm still traveling 30-60 km, whereas if | were on a conventional bike, | would probably only be traveling 10-20
km.

... My husband has recently been diagnosed with Alzheimer’s but thankfully can still operate the e-bike safely and enjoys riding it. | think it will provide him with some
independence when his drivers licence is rescinded. We live in a large gated community and the major use is to go to recreation and social events in the community. Because
mobility is getting harder all of those shortish trips would be by the car, or my husband would not attend.

It's been so great! So easy to get my toddler onto the ebike. Helps her regulate after a day at preschool.

Due to how my body has been negatively affected during recovery from long covid having the e-bike has allowed me to be more active and participate in family biking outings
with little pain and little aftereffects

Purchasing my E-bike has been one of the best things I've done in my life. An E-bike can truly improve many aspects of our lives. In my opinion.

Yes! This bike has changed my life in SO many wonderful & unexpected ways! | have become significantly healthier - physically I'm stronger, more muscle, lost weight,
improved balance, improved bloodwork. My mood & well being are significantly improved (and | suffer from major long term depression). It has done more for my mental
health than all the medications | took for decades and stopped 7 years ago. | love going on long bike rides ... | love to pack a picnic and go exploring and on adventures. |
feel like a kid again - it is so much fun. Being out in nature and experiencing so many moments of awe! | have used 1/2 tank of gas in the last 14 months and let my car
insurance expire back in March so my car is off the road saving me the costs of gas & insurance.... 1am so grateful for this because without it the bike would be less enjoyable. |
am also forever grateful for the grant you provided which allowed me to purchase my bike - thank you for changing my life!

| am astonished by my results. | had thought that an e-bike would make me weaker and more reliant on the electronic assist. It has instead made me stronger and more
capable on my conventional bike as well as throughout other aspects of my life. ... My life has transformed for the better in so many ways, both physically and mentally. |
now only seem to use the e -bike if it's a relatively short errand with a radical change in elevation (I live in one of the highest points of the city). | now spend the majority of
my traveling on the conventional bike, certainly not what | had anticipated. The e bike has provided a bridge of sorts, allowing me to recover and surpass where | was before,
both physically and mentally. The fuss and bother of keeping two bikes in a studio apartment pale in comparison of the phenomenal gains I've made ... | still have memories
of where, on my favoured routes, I'd have to dismount and walk uphill. Then came the e bike rebuilding my strength so that ow | seemingly glide up on my conventional
bike, merely shifting to lower gears. If | continue to gain in strength and stamina as | have been doing, | may even sell the e bike in the upcoming year.

Absolutely the greatest invention ever. No matter what age you can get out there and ride. | love riding and more than likely with out ebike would not be riding conventional
bike.
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