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Executive Summary

Background: In 2016, 15.9 million Canadians commuted to work. While 74 percent of them drove alone,
six percent rode as car passengers. The car is the clear mode of choice for most Canadian commuters.
Passenger vehicles account for approximately 50 percent of Canada’s transportation-related emissions.
Two widely-recognized solutions to the reliance on cars are to: (1) increase public transit ridership and
(2) promote active transportation, including integrated transit/active commuting. The pandemic has led
to a tremendous slide in public transit ridership and revenue. Commuting across all modes has declined
during COVID-19, while working from home (i.e. tele-commuting) has increased sharply. The pandemic
has spawned a surge in active transportation, but this has been largely for recreational purposes rather
than commuting.

Objectives: The project has four main objectives, as follows: (1) to review and synthesize the literature
on public transit and active transportation, with special reference to studies that integrate these travel
alternatives; (2) to benchmark an initial sample of Canadian cities, in terms of public transit and active
transportation practices; (3) to draw implications for public policy and practice from the current state of
knowledge; and (4) to identify gaps in the literature—and propose opportunities for future research to
address those gaps.

Results: While there is a growing literature on active transportation, there is considerably more extant
literature on public transit. The active transportation literature is multi-disciplinary, spanning academic
journals in transportation, public health, urban planning and sustainability. The Journal of Transport and
Health appears to be a leading outlet for active transportation research. While there is scant literature
on integrating transit and active transportation, it is well-known that transit ridership implies a certain
amount of active commuting, at a minimum walking to and from bus stops or rail stations.

The literature also identifies a variety of relevant factors and presents statistical analysis of antecedents
and consequences of active transportation commuting, as well as public transit ridership. The potential
antecedents of public transit ridership and/or active commuting include carbon taxes, car ownership,
climatological factors, community culture, demographics, incentives, infrastructure and service factors,
and perceptions of safety. Consequences include fewer greenhouse gas (GHG) emissions, less traffic
congestion, and improved public health outcomes (e.g. lower rates of obesity and fewer incidences of
diabetes).

Finally, recent literature describes the impact of the COVID-19 pandemic on public transit and active
transportation. The big story seems to be the staggering plunge in transit ridership, starting in March
2020.

Benchmarking across select municipalities is a useful approach to learning about effective policies and
practices in support of integrated transit and active commuting. In this project, three different western
cities are analyzed and compared, in terms of their relevant characteristics, along with infrastructure,
services and policies in support of transit and active commuting.

Key messages: Five key messages emerging from the study are briefly outlined below.

1. COVID-19 caused a collapse in public transit ridership across Canada. While it also spawned a surge of
cycling, that has been largely recreational. Research is needed to clarify preferred policies and practices
to support transit ridership recovery — including incentive systems; and to better understand transitional
strategies for capturing and disseminating the true cost of private vehicle (car) ridership to commuters
(i.e. fuel costs, parking, mobility pricing, public health costs, etc.).



2. There is an ongoing, overall decline in active transportation commuting in Canada, led by a decline in
walking to work. Research is required to understand causes and develop potential solutions to increase
active transportation, in particular to promote more walking. The policy and practice gaps include issues
in marketing, infrastructure and capacity development — and regulation.

3. Active transportation by cycling has been increasing slowly, across Canada and in many municipalities.
As noted, a substantial portion of new cycling activity is recreational rather than for commuting. While
such activity is important from a public health perspective, it makes little if any contribution to emission
reductions. If the goal is to reduce emissions, cycling needs to replace private vehicle commuting.

4. Multi-modal commuting in Canada represents a largely untapped opportunity. The literature clearly
shows the benefits of multimodal commuting, whereby commuters combine public transit and active
transportation. This is particularly useful as a means to further reduce GHG emissions. However, multi-
modal data are inadequate. Statistics Canada currently only considers single modes for classifying and
analyzing commuting. More detailed data are required to understand the nature and scope of multi-
modal commuting, and to determine appropriate policies and practices to increase uptake.

5. Statistical modeling is useful to evaluate active transportation and public transit within municipalities.
CMA population was found to be a significant predictor of public transit use. Temperature (number of
days above 0 C.) was identified as a significant predictor of active transportation use. More research is
needed to identify and incorporate additional predictors of transit ridership and active commuting.

Methodology: Three methods were used: literature review, secondary data analysis, and benchmarking.
The literature review started with a search for articles in scholarly journals with “active transportation”
and “commuting” in their abstracts. This yielded eighty unique hits from 2007 to 2021. A similar search
for articles in scholarly journals with the terms “transit” and “commuting” in their abstracts yielded 411
unique hits from 2012 to 2021. Abstracts of the active transportation articles were scanned for content
specifically addressing matters of policy, public health and the integration of active transportation and
transit. Similar scanning was done on the titles of the transit articles, due to their considerably greater
volume. Additional articles and a variety of industry and government reports, identified by members of
the research team, were added to the relevant collection of literature. The focus was on literature on
commuting issues in Canada and the United States.

Preliminary analysis of secondary data was conducted to better understand determinants of commuter
use of public transit and active transportation in Canadian cities. Using regression techniques, transit
ridership and active transportation use were estimated based on population and climate, respectively.
Benchmarking the commuting scene in several Canadian municipalities was also conducted, with special
focus on integration of active transportation and public transit. Three cities (Edmonton, Vancouver, and
Winnipeg) were selected as initial cases, due to the current locations and familiarities of team members.



Background

In 2016, 15.9 million Canadians commuted to work. While 74 percent of them drove alone, another six
percent rode as car passengers. Quite clearly, the car remains the mode of choice for most Canadian
commuters (Yaropud et al. 2019). Unfortunately, passenger cars and light trucks account for about half
of Canada’s emissions due to transportation (NRCan 2020). Canada faces persistently high greenhouse
gas (GHG) emissions, as the country attempts to achieve reduction targets consistent with the 2015
Paris Agreement. Heavy-reliance on private vehicles for commuting continues to be a particular concern
(Neufeld and Massicotte 2017). Two widely-recognized solutions to this dependence on cars are: (1) to
increase public transit ridership (CUTA 2005) and (2) to promote active transportation (WWF-Canada
2012), including integrating active transportation and public transit.

This project is being done during the ongoing COVID-19 pandemic. In Canada, as well as other nations,
the pandemic has caused a tremendous decline in public transit ridership and revenue. Upon analyzing
Canadian National Survey Data, Harris and Branion-Calles (2021) found that commuting across all modes
declined during COVID-19, while working from home (tele-commuting) increased sharply. Indeed, they
observed that only 18 percent of pre-pandemic transit riders were still commuting by transit during the
pandemic. The pandemic has also spawned a surge in active transportation, but this is largely limited to
recreational travel (as opposed to commuting).

Objectives
The project has four primary objectives, as follows:

1. To review and synthesize the literature on public transit and active transportation, with special focus
on studies that integrate these travel alternatives.

2. To benchmark an initial sample of Canadian cities, in terms of public transit and active transportation
practices.

3. To draw implications for public policy and practice from the current state of knowledge.

4. To identify gaps in the literature—and propose opportunities for future research addressing those
gaps.

Methods

This section briefly describes the three research methods used in the project: literature review, analysis
of secondary data, and case study benchmarking.

Literature Review

The literature search commenced using a university electronic library database. A search for articles in
scholarly journals with “active transportation” and “commuting” in their abstracts yielded eighty unique
hits from 2007 to 2021. Figure 1 shows the slow, steady increase in active transportation commuting
research during those years. While this literature is growing, it remains relatively light compared to the
related area of transit commuting. A similar search for articles in scholarly journals with “transit” and
“commuting” in their abstracts yielded 411 unique hits from 2012 to 2021. Figure 2 reveals this surging
interest in transit among scholars. Indeed, 2021 saw more articles published on transit and commuting
(85) than were published on active transportation and commuting during the fifteen-year span shown in
Figure 1.
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Figure 1. Number of Articles on Active Transportation Commuting, 2007-2021
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Abstracts of the active transportation articles were scanned for content specifically addressing matters
of policy, public health and integration of active transportation and transit. Similar scanning was done
on the titles of the transit articles, due to their considerably greater volume. Additional articles and a



variety of industry and government reports, identified by members of the research team, were added to
the relevant collection of literature. The focus was on gathering literature on commuting issues in North
America (i.e. in Canada and the United States). The remaining sections of the report draw on/synthesize
this literature.

Secondary Data

Preliminary analysis of secondary data was conducted to better understand determinants of commuter
use of public transit and active transportation within Canadian census metropolitan area (CMAs). Using
regression techniques, transit ridership and use of active transportation are estimated based on CMA
population and climate, respectively. To anticipate, this sort of statistical modeling will be discussed as
an important area for future research.

Benchmarking

This report includes a benchmarking study of several Canadian municipalities, with special emphasis on
integration of active transportation and public transit. Three western cities (Edmonton, Vancouver, and
Winnipeg) were selected as initial cases, due to the current locations and familiarities of team members.
Each of the three cities was profiled in terms of demographic and climatological characteristics, along
with relevant features of their commuting scenes.

Results

The results are organized into a series of important topic areas, guided by the literature review and
team discussions.

Public transit: COVID-19 collapse

Transit ridership dropped dramatically as a result of COVID-19, especially compared to other modes of
commuting. The decline of transit has been recently described in the U.S. (Liu et al. 2020), and Canada
(Savage and Turcotte 2020; Simeus-Kabo et al. 2021). Data on monthly passenger bus and rail transit
ridership from Statistics Canada are presented in Figure 3, showing a severe decline in early spring of
2020 as the pandemic emerged. Over the period from April 2020 to May 2021, monthly ridership sat at
about one-third of the monthly average for the thirty months leading up to COVID-19. From June to
September 2021, ridership edged upward, but only to about half of pre-COVID-19 levels. Anecdotal
evidence from transit personnel suggests the upward trend was primarily associated with a return to in-
person classes at educational institutions. Given uncertainties associated with new variants of COVID-
19, recovery to normal levels of ridership remains unpredictable.

Survey results from the United States (Nerad 2020; Tribby et al. 2020), and statistical evidence in Canada
(Harris and Branion-Calles 2021), suggest that commuters are trending away from public transit. Transit
has been hit hard by: (1) workplace shut-downs and the shift to working remotely; (2) the transition of
education, especially post-secondary institutions, to on-line formats; (3) passenger fear of being in close
proximity with other passengers; and (4) social-distancing requirements on-board public transit vehicles.
While the first three issues reduce transit demand, the fourth one reduces effective capacity.

Recent data reveal persistently high office vacancy rates across Canada into the third quarter of 2021
(Canadian Press 2021). It appears that the “tele-work” option remains strong. Therefore, any return to
public transit remains unlikely as long as lots of folks are working from home. Saltman (2020) suggests a
three-year or even longer delay could be encountered in the recovery of transit ridership, based on prior
experience with SARS. Interestingly, Hung et al. (2021) note that pandemic restrictions on public transit
service have diverted commuters into their cars, and this trend continues despite a lack of evidence that
transit presents a high risk of COVID-19 transmission.



Figure 3. Impact of COVID-19 on Monthly Canadian Passenger Bus and Transit Ridership
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Source: Statistics Canada. Table 23-10-0251-01: Passenger bus and urban transit statistics, by the North
American Industry Classification System (NAICS) (x 1,000,000). https://doi.org/10.25318/2310025101-eng

On a positive note, the collapse of commuting and transition to “tele-work” has yielded lower GHG
emissions (Statistics Canada 2021a). A critical question for the future is: When folks return to places of
work, will they commute via public transit, or in single-occupancy vehicles? How long will the structural
(modal) shift away from transit last? There is a need to identify priorities and actions required to avoid a
downward spiral (i.e. lower demand leading to lower revenues, followed by cuts to service ...) propelled
by response to COVID-19.

Active transportation: Long-term slide led by less walking

Commuting via active transportation has been in long-term decline in Canada, going back at least to
2001 based on readily available census data. However, cycling has been increasing slightly. Figure 4
presents Statistics Canada data on commuting by pedestrians and cyclists over the past four census
periods. While these data reflect the country as a whole, municipal differences will be presented and
discussed later, in the benchmarking section. Note that commuting by walking is in a state of decline,
dominating the overall drop in active transportation.

Tsafos (2019) summarizes data on proportional use of commuting modes for the United States over
time, starting in 1960. Data for the U.S. and Canada on walking to work are summarized in Figure 5.
While census data from 2001 to 2016 reveals that a higher proportion of Canadian commuters walk to
work compared to the Americans, a steady decline is seen in both nations.

There are a variety of reasons behind these trends. An article in the popular press identified several
factors that could determine commuting choices, including size and density of urban areas; education,
income, social class and political perspective of commuters; and weather conditions (Florida 2019).
North American cities have traditionally catered to car drivers rather than cyclists and pedestrians.
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Figure 4. Active Transport Commuting in Canada: 2001, 2006, 2011 and 2016
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Sources: 1. https://www12.statcan.gc.ca/census-recensement/2006/dp-pd/hlt/97-561/T603-
eng.cfm?Lang=E&T=603&GH=8&GF=0&G5=0&SC=17&RPP=144&SR=1&S0=0&0=A&D1=1

2. https://www12.statcan.gc.ca/census-recensement/2006/dp-pd/hlt/97-561/T603-eng.cfm?SR=1

3. Statistics Canada (2013), Commuting to work, National Household Survey (NHS), 2011.
https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-012-x/99-012-x2011003 1-eng.pdf

4. Table 1. Proportion of workers commuting to their usual place of work or no fixed workplace location by
main mode of commuting, census metropolitan area, 2016, Statistics Canada, Census of Population.
https://www150.statcan.gc.ca/n1/daily-quotidien/171129/t001c-eng.htm

Earlier, in a study on increasing stress faced by commuters, Schaefer (2005) linked increases in car-based
commuting to longer commuting distances, as American workers moved further away from their places
of work in search of more affordable locations and desirable lifestyles. Statistics Canada (2019a) data
reveal similar trends in Canada, with workers moving further away from the workplace. This confirms
the importance of urban planning in influencing commuter choice.

The shift away from walking is also connected to concerns of transportation equity. There is a tendency
for pedestrian infrastructure to be de-emphasized relative to heavily subsidized vehicular infrastructure.
Perhaps this reflects the prominence of the private automobile as commuters’ mode of choice. For
instance, in a recent study into traffic collisions involving pedestrians in Winnipeg, Viafara (2021)
observes insufficient attention to safe pedestrian crossings in the planning of urban infrastructure.
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Figure 5. Proportion of Commuters Walking to Work in the U.S. and Canada
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Increased commuting by cycling

Active transportation via cycling has been slowly increasing over time, across Canada and within many
municipalities. The shift toward cycling appears to have been bolstered by COVID-19, as part of a cycling
renaissance in Canadian cities (lassinovskaia 2021) and around the world (Bernhard 2020). Interestingly,
a substantial portion of the pandemic surge in cycling appears to be recreational rather than functional
(i.e. for commuting purposes). While this is a positive development, it has little if any impact on modal
shifting from automobile to active transportation.

Cusack (2021) studied commuting behavior of essential workers in Philadelphia during the pandemic.
Based on over 200 responses to an online survey conducted in mid-2020, she found that almost half of
the essential workers switched commuting travel modes during the COVID-19 outbreak. While workers
have done more active transportation commuting during the pandemic, sustaining the change is likely to
require substantial investments toward greater safety for cyclists and pedestrians.

To contribute to GHG emission reductions, cycling must replace personal vehicular commuting, whether
it’s door-to-door cycling or multi-modal (i.e. cycling integrated with public transit). Recreational cycling
is great, but to make a difference more commuting cyclists are needed.
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Benefits

The environmental benefits of cycling include: reduced GHG emissions and smog pollutants, i.e. criteria
air contaminants (CACs); reduced noise levels; less traffic congestion; and less need for parking lots and
roadway infrastructure. Parking lots and roadways come with embedded emissions, and loss of habitat
or green-spaces. Brand et al. (2021a; 2021b) discuss the various environmental benefits of cycling.

There are also health-related benefits of cycling, including reductions/improvements in: weight, blood
pressure, cardiovascular fitness, strength, posture and balance, flexibility, etc. The easing of numerous
health problems (obesity, heart disease, diabetes, osteoporosis, high blood pressure and depression) is
directly linked to cycling. These health issues lead to increased mortality and morbidity, at substantial
public health costs. The public health benefits of cycling have been widely chronicled in the literature
(e.g. Oja et al. 2011; Nieman 2011; KCL 2014; Gotschi et al. 2016; Central YMCA 2016; Celis-Morales et
al. 2017; Jhingan and Jhingan 2017; Bourne et al. 2018; Leyland et al. 2019; da Silveira et al. 2021),
including substantial public and private return on investment.

Barriers

There is also considerable literature on barriers to cycling as a commuter mode of travel, as well as steps
to encourage uptake. FHWA (1992a) identified factors impacting cycling uptake, across two categories:
objective, measurable factors and subjective factors, based on perceptions and interpretation. Potential
barriers to cycling include: safety concerns; inconvenience (due to weather, effort required and carriage
capacity); lack of facilities; excessive travel distances; the need to have a vehicle as part of employment;
and simple inertia. Recent literature confirms these FHWA findings, especially the importance of safety
— and the need for complete systems of safe infrastructure (Bidordinova 2010; Shikaze 2012; Manaugh
et al. 2017; Santacreu 2018; Fowler et al. 2017; Wang 2018; Assuncao-Denis and Tomalty 2019; Useche
et al. 2019; Daraei et al. 2021).

Improvements and adaptations to physical infrastructure for cycling have received recent emphasis, in
the form of guidance materials (e.g. City of Toronto 2015; NACTO n.d.; Verlinden et al. 2019). Such
guides address inconvenience, the lack of facilities, and safety, in terms of separation of cycling from
motor vehicle traffic.

Complete active transportation systems, especially for cycling, are a necessary condition for widespread
adoption. These systems must mimic vehicle infrastructure, with protected arteries and secondaries,
and public space calming. This requires considerable funding — $40/capita per annum is a rough guide,
comparable to what leading countries spend on cycling. Design of such systems can be facilitated by
interactive mapping, e.g. project OttoCycle, which offered Winnipeg cyclists an opportunity to track
their routes to determine where cycling infrastructure is needed (Elias et al. 2009). Su et al. (2010)
designed a similar route planner for cyclists in Vancouver, incorporating distance, elevation, safety and
links to transit.

Multi-modal (active/transit) commuting

A critical focus of this project is on opportunities for multi-modal commuting, especially integration of
cycling and public transit. The basic principles involved in linking cycling and public transit have been
identified in reports from the E.U. (European Commission ND), the United States (FHWA 1992b; TREC
2017; APTA 2018) and Canada (Gatein and Baghaie 2019). One intended outcome of combining cycling
and public transit is enlarging catchment areas for public transit (Bachand-Marleau et al. 2011), while
synergistically addressing the distance constraint of cycling.

Another issue identified earlier (FHWA 1992a) is the “inadequate state of data collection for non-
motorized transportation.” This remains a problem, though data sources are beginning to emerge
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(Kuzmyak and Dill 2012; Lee and Sener 2020). Whitfield et al. (2020) studied American Community
Survey (ACS) estimates of cycling, walking, and riding public transit to work at the state level. Active
transportation in 2017 varied widely across the 50 states, from 1.7% of commuters in Alabama and
Mississippi to 35.0% of commuters in New York.

The lack of data concern clearly applies to multi-modal transport. While a variety of variables possibly
affecting integration of cycling and transit have been identified (Wang and Liu 2013; Heinen and Bohte
2014; van Mil et al. 2021), data on multi-modal commuting is scant. This gap includes the census data
produced by Statistics Canada, which reports modes of commuting singularly. Multi-modal uptake by
commuters seems low and uncertain, amplifying the need for better empirical data.

There is a small but growing literature on multi-modal commuting. It is known that most commuters
walk to their nearest bus stop or rail station. Day et al. (2014) surveyed bus rapid transit (BRT) riders
and local bus riders in New York City, hypothesizing that BRT riders do more walking due to the longer
distances between BRT bus stops. Indeed, on an average trip, the BRT riders reported walking half a
block more than local bus riders.

Noting a lack of research on use of public transit for getting to school, Voss et al. (2015) studied school-
trips taken by high school students in Vancouver. In terms of distance and duration, they failed to find
significant differences between walking-only trips and the walking segment of public transit trips. Using
data from Canada’s General Social Survey, Lachapelle and Pinto (2016) observed that transit riders reach
physical activity targets by walking to transit stations and/or to other destinations. Those researchers
advocate development of transit infrastructure to gain community health benefits. In a similar study, on
active transportation and transit in Baltimore and Seattle, transit users reported doing more walking and
cycling compared to non-users of transit (Lachapelle et al. 2016). Drawing on a large sample of travelers
in the United States, Lachapelle (2015) found a negative relationship between car availability and use of
public transit and active transportation. Thus, public policies to make car ownership more expensive or
otherwise less attractive could facilitate modal shifts to cycling, walking and transit.

Another policy lever to promote active transportation and transit in the United States is zoning transit-
oriented developments or districts (TODs). TODs are high density, mixed-use areas located at or around
transit stops. Thrun, Leider and Chriqui (2016) found that TODs are associated with lower rates of car
ownership — and higher rates of commuting to work by public transit and active transportation. Public
transit riders have been found to do more walking and cycling, when compared to commuters by car
and other non-riders, in Raleigh-Durham-Chapel Hill (Mansfield and Gibson 2016) and Houston (Knell et
al. 2018).

According to Biehl and Stathopoulos (2020), “seamless integration of mobility services is critical to
matching the convenience and comfort of the private vehicle.” Their empirical study found that active
transportation/public transit multi-modal use is driven by navigational skills, openness to learning, and
physical infrastructure. Chan and Farber (2020) study factors affecting use of active transportation by
commuters to access rail stations in Toronto and Hamilton. The rail station is their unit of analysis. The
following factors were identified as predictors of active/transit integration: population density and age,
car ownership and median income. (Note: lower car ownership was linked to greater integration.)

Comparing transit and active commuting across Canadian CMAs

Comparative data analysis and benchmarking can facilitate identification of future opportunities for
modes of commuting. From the 2016 census, Statistics Canada provides data on commuting modes for
all of Canada’s Census Metropolitan Areas (CMAs). The data include proportions of commuters using
public transit and active transportation, separated into walking and cycling. Although multi-modal data
are not available, comparative analysis of single-modal options can be done.
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Comparative analysis should consider objective, “uncontrollable” factors, such as the weather or local
cultural norms, with remaining differences reflecting controllable factors, e.g. local policies to promote
transit and active transportation, commuter attitudes, etc.

Transit

For public transit, measurable factors affecting uptake include population size or density. All else equal,
greater population implies more transit ridership. An initial model uses percent of folks commuting by
transit as the dependent variable, and population of the CMA (in millions of people) as the independent
variable. The plot of transit commuting proportion as a function of CMA population (millions) for 2016
is presented in Figure 6. Each point represents a Canadian CMA.

Given the clear asymptotic appearance of the plot, population data were transformed to model percent
of commuters on public transit (TP) as a function of the logarithm of population, yielding the following
regression result: TP = 5.343 x log (Population) — 60.220

This regression is statistically significant (F-statistic = 139.91; p-value = .000), with R-square = .805. Thus,
the logarithm of CMA population explains 80 percent of the variance in the percent of commuters using
transit. Figure 7 is a plot of the data, including the regression line.

Figure 6. 2016 Commuter Transit Proportions across CMAs by Population (millions)
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Sources: 1. Table 1. Proportion of workers commuting to their usual place of work or no fixed workplace
location by main mode of commuting, census metropolitan area, 2016, Statistics Canada, Census of Population.
https://www150.statcan.gc.ca/n1/daily-quotidien/171129/t001c-eng.htm;

2. Population and Dwelling Count Highlight Tables, 2016 Census. https://www12.statcan.gc.ca/census-
recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=201&S5=3&0=D

12


https://www150.statcan.gc.ca/n1/daily-quotidien/171129/t001c-eng.htm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=201&S=3&O=D
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=201&S=3&O=D

Figure 7. 2016 Commuter Transit Proportions across CMAs by Log (Population)
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Active transportation

A similar analysis of active transportation commuting across CMAs might start with climate-related
variables, such as temperature and precipitation. Colder climates, and those with more precipitation,
are expected to be less attractive for active transportation, especially cycling. This initial analysis is
based on climate-related factors used by Maclean’s magazine in their annual rankings of “Canada’s Best
Communities” (Brownell 2021). Three variables are employed in the Maclean’s rankings: (1) number of
days with low temperature > 0°C; (2) number of days with high temperature > +20°C; and (3) number of
days with precipitation. These data are available for the year 2019, with the expectation that values for
2016 would be similar. Using this data from Maclean’s (Naraghi 2019), regression analysis yields the
following equation to predict percent of commuters using active transportation (AT) in the 36 Canadian
CMAs:

AT =.028 x (Days with low > 0°C) — .027 x (Days with high > 20°C) — .015 x (Days of precipitation)

This regression is statistically significant at the .05 level of alpha (F-statistic = 3.07; p-value = .042), with
R-square =.224. Thus, the Maclean’s climate indicators explain 22 percent of the variance in percent of
commuters using active transportation. While the overall regression model is significant, only one of
the Maclean’s factors (number of days with low temperature above 0°C) is a significant predictor (t-
statistic = 2.79; p-value = .009). Thus, there is a need to identify and weight additional variables in any
model seeking to explain active transportation use in Canadian CMAs.
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Selected case studies for benchmarking — a tale of three cities

Becerra et al. (2013) study three South American cities — Bogotd, Curitiba and Santiago — with a focus on
initiatives to promote active transportation, including bicycle lanes, bus rapid transit and restrictions on
car usage. Similarly, Larson, Parsons and Elias (2021a) analyze and benchmark the active transportation
and transit scene across three large western Canadian cities. This section is based on the latter paper.

Characteristics of the three cities

For analysis purposes, the cities proper are considered, with occasional reference to their metropolitan
areas. Population, area and resulting density for the three cities and their metro areas are presented in
Table 1, based on 2016 Statistics Canada census data. In terms of city population, the three cities are of
similar size, with Edmonton being larger than the other two. However, Vancouver’s metropolitan area is
home to considerably more people than the other two. Vancouver also contains the highest population
density, by a substantial margin.

Table 1. Characteristics of the Three Cities

Characteristic Edmonton Vancouver Winnipeg

City (metro) population 980,000 (1,320,000) 680,000 (2,460,000) 750,000 (820,000)
City (metro) area 680 (9,400) km? 120 (2,900) km? 460 (7,800) km?

City (metro) density 1,400 (140) pop./km* | 5,700 (850) pop./km* | 1,600 (110) pop./km’
Average high (low) temp. +24 (-14) °C +23 (+2) °C +27 (-19) °C

Average 2019 income $53,500 $52,000 $46,500

Number of transit buses 930 1,460 640

Light-rail transit Yes Yes No

Vancouver has one of mildest climates of any major city in Canada. Edmonton and Winnipeg have
similar climates, although Winnipeg experiences greater temperature variation — and the coldest
winters of the three cities. Table 1 includes average high and low temperatures, based on data up to
2016. Average income levels for the three cities are shown for 2019 (Statistics Canada 2021b). That
year, national average income was $49,000. Thus, folks in Edmonton and Vancouver enjoyed above
average incomes, while Winnipeggers had below average incomes.

All three cities have public transit systems, with the respective operating agencies: Edmonton Transit
Service (ETS), Translink in Vancouver, and Winnipeg Transit. Approximate numbers of transit buses in
operation are provided in Table 1 (including 35-foot through 60-foot units). Vancouver and Edmonton
both have light-rail transit (LRT) operations, but Winnipeg does not.

Translink is the largest of the three transit agencies; it serves the city of Vancouver as well as its greater
metropolitan area. Translink also use the most diverse energy sources for its existing fleet: 20 percent
trolley-electric, 20 percent compressed natural gas, 30 percent hybrid-diesel and, finally 30 percent
conventional diesel. Edmonton and Winnipeg have traditionally relied mostly on conventional diesel.
However, all three cities have some zero emission bus (ZEB) experience.

Commuter modal distributions

The 2016 census report includes estimates of commuter travel by different modes in cities across the
country (Statistics Canada 2019b). Table 2 presents modal split data for the three cities of interest, as
well as the overall averages in Canada.
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Table 2. Commuter Modal Choice in the Three Cities (2016)

Transport mode Edmonton Vancouver Winnipeg Canada
Vehicle total 78.8% 49.0% 77.4% 79.5%

As driver 73.4% 45.4% 70.0% 74.0%

As passenger 5.4% 3.6% 7.4% 5.5%
Public transit 14.6% 29.7% 14.9% 12.4%
Active transport 5.1% 20.1% 6.7% 6.9%
Other 1.5% 1.2% 1.0% 1.2%

Source: Statistics Canada (2019b)

In 2016, private vehicle was the primary mode of choice for Canadian commuters, commanding nearly
80 percent of the traffic. The remaining 20 percent was mostly spilt between public transit and active
transportation. Of the three cities, Vancouver is the clear leader in sustainable commuting. Commuters
in Vancouver are twice as likely to ride public transit and three or four times more likely to use active
transportation, compared to commuters in Edmonton and Winnipeg.

As an aside, commuters in Toronto (37.0 percent) and Montreal (36.6 percent) are even more likely to
use public transit than those in Vancouver. Moreover, active transportation is more popular in Victoria
(36.1 percent) vis-a-vis Vancouver. Edmonton and Winnipeg are somewhat above the Canadian national
average for commuters via public transit, but lower for active transport. On the other hand, Vancouver
is considerably above the national averages for public transit and active transportation.

Results for the three cities show some consistent trends and confirm prior research, in that two factors
appear to be the primary determinants: (1) population/density for public transit share of commuters
(Miller et al. 2018); and (b) climatic conditions in terms of the active transportation share of commuters
(Saneinejad et al. 2012; Bocker et al. 2019). Of course other factors, such as infrastructure, culture and
geography, are also relevant for understanding potential modal shifts away from private vehicles.

Public transit and active transportation policies and interactions

For each of the three cities, relevant documents were gathered, and interviews or discussions were held
with experts in public transit and active transportation, with a focus on integration of the two modes.
These discussions centered on gaining a sense of the current situation, notable successes, and remaining
challenges.

Edmonton

The City of Edmonton (2018) Smart Transportation Action Plan contains thirty-five actions, including the
following (paraphrased) actions of special relevance to active transportation:

® Assess the potential for a “Mobility as a Service” system to support integrated trip planning and fare
payment for public transit, ride-share, bike-share, car-share, etc. to enable multi-modality and
sustainable transportation options

e Study mobility pricing to understand the impact of pricing of transport modes on travel behaviour
and modal choice

e Implement actions to bridge first-mile/last-mile gaps in transit service for areas of the city without
fixed route transit service
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The plan’s guiding principles on “Climate Leadership” are to: “harness (the) mobility transition to help
achieve a low-carbon Edmonton and create a mobility system that is transit-centric, focused on shared-
mobility, and enables active transportation.” Another one of the thirty-five actions, of special relevance
here, is to “engage other major cities across the country to exchange best practices and collaborate on
research and pilots.”

Active transportation is any mode of transportation a person powers on his/her own. Examples include
walking, running, cycling, inline skating and skateboarding (Machell 2009). It also includes vehicles such
as e-bikes where the user must contribute all or some of the motive power required.

Overall, transportation accounts for 30 percent of Edmonton’s greenhouse gas (GHG) emissions and 42
percent of the city’s energy consumption. Private cars are a major contributor to these levels of energy
use and emissions. Sustainable mobility supports healthy, vibrant and livable communities by reducing
emissions and promoting active transportation. To guide its commuters, the city puts out a five-level
“sustainable mobility pyramid” (Figure 8). The most sustainable options, walking and cycling, are atop
the inverted pyramid, followed by e-bikes and e-scooters. Public transit sits in third position, in the
middle of the pyramid. Next is car sharing, and finally driving alone, at the bottom of the sustainable
mobility pyramid (City of Edmonton 2021a).

Figure 8. The Sustainable Mobility Pyramid

Driving alone

Source: City of Edmonton (2021a)

The Bikes on Buses initiative (City of Edmonton 2021b), encouraging the city to equip its ETS buses with
bike racks, was started by former Bike Edmonton president Tooker Gomberg. Bike Edmonton won a
grant to purchase half of the bike racks installed on ETS buses involved in a pilot test. The program has
been in operation since 1996 in the City of Edmonton. In 2013, it was expanded to include all full-size
ETS buses. Historical note: Bike Edmonton was established as the Edmonton Bicycle Commuters Society
in 1980, and now has over 1,700 paid members (https://bikeedmonton.ca/).
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Bikes on Buses — ETS now has bike racks on all full sized and articulated buses. Loading and unloading a
bike takes about 20 seconds. Each rack holds up to two bicycles. Bicycles are not allowed inside the bus
for safety reasons. Bicycles are loaded and unloaded individually from the curb side of the bus. Cyclists
are responsible for properly securing their bikes to the rack. For safety reasons, bus operators cannot
help load or unload bikes. Bikes ride the bus free.

Bikes on LRT — Outside of peak hours cyclists can travel with their bicycles in any direction on the LRT.
Bicycles are not permitted on the LRT during peak hours (Monday to Friday, 7:30-9:00 a.m. and 4:00-

5:30 p.m.) There are no hourly restrictions for bicycles on Saturday, Sunday and holidays. Passengers
pay the regular ETS fare; their bikes ride free.

Bicycle Parking at ETS Facilities — Bicycle parking areas are available at many Transit Centres and LRT
Stations. Twelve transit centres and LRT stations have bike racks.

The Funicular — Edmonton’s 100 Street funicular is an inclined elevator that operates from downtown,
near the historic Hotel Macdonald, into the North Saskatchewan River Valley. It was awarded a National
Urban Design Award of Excellence for the way it connects downtown Edmonton to the river, “creating
an urban space for people to connect with nature” (Ramsay 2020).

The funicular opened to the public in December 2017. Costing $24 million, the project received funding
from all three levels of government (federal, provincial and municipal), and the River Valley Alliance.
During its first year of operation, city staff recorded up to 135 passengers riding the funicular per hour
and as many as 28 trips in an hour. An estimated 22 percent of funicular riders use it for their commute
to work and 31 percent take it to access the river valley (Heidenreich 2019).

The large elevation difference (~50 metres) and steep slope makes access between the river and down-
town Edmonton rather difficult, especially for folks with mobility challenges. The funicular enables
people in wheelchairs, cyclists, parents with strollers and others to move along the steep grade easily, as
well as free of charge. The funicular offers dramatic views of the spectacular valley below. The funicular
track is 66 metres long, on a 23.5 degree incline. Its top speed is about two metres per second. For
those up to the challenge, a stairway runs parallel to the funicular. At the bottom of the funicular, a
pedestrian bridge crosses a busy roadway and then a glass elevator completes the descent to the river
(van Es 2019).

In 2020, operating costs for the 100 Street Funicular and its surrounding site were $531,602, excluding
snow removal costs. Largely due to the pandemic, funicular ridership plummeted from 218,965 over
June 5 — December 31, 2019 to 134,630 over the same period the following year (City of Edmonton
2020b).

Vancouver

Vancouver is a core municipality in the greater Metro Vancouver Regional District (MVRD), consisting of
23 local authorities, 21 of which are municipalities. This makes it challenging to isolate data for active
transport (AT), especially cycling, and for transit. Vancouver city has a population of 680,000 out of
2,606,000 — approximately 26 percent of the MVRD.

TransLink is the primary authority responsible for transportation in the MVRD, including infrastructure
and public transit, which consists of three SkyTrain rapid transit lines; regular and rapid bus routes; and
Seabus and West Coast Express. TransLink conducts continuous planning processes, e.g. the recent
engagement process for Transport 2050, the region’s transportation blueprint for the next 30 years
(TransLink 2021a). The focus is on electrification, rapid transit, People First streets and autonomous
vehicles.
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Cycling infrastructure is relatively well developed in the downtown core with East/West and North/
South protected bikeways providing some basic routes for the rest of the municipality. However, most
of the cycling infrastructure is unprotected (City of Vancouver 2021).

Vancouver has relatively high levels of AT and transit mode share at 21.3 percent and 29.7 percent,
respectively. A 2019 survey showed combined (walking, cycling and transit) mode share at 54.1 percent
(https://vancouver.ca/streets-transportation/walk-bike-and-transit.aspx). This is facilitated by a mild
climate, high population density (especially in the downtown core), reasonably developed and relatively
safe infrastructure and cultural factors, e.g. high levels of environmental awareness. Thus, Vancouver
and BC have higher sustainable transportation adoption rates. For example, BC has the largest Plug-in
Electric Vehicles (PEV) market share in Canada at 8.4 per cent, followed by Quebec with 6.7 percent and
Ontario with 2 percent. Vancouver has the second highest PEV proportion of total new vehicle sales at
10.9 percent. Only Victoria, at 12.9 percent, is higher (Statistics Canada 2021c).

Current trends in Vancouver are similar to many Canadian and international municipalities, due to the
COVID-19 pandemic, including high levels of telecommuting; increased cycling and walking; and a large
decline in transit use. The challenge is to maintain AT gains of the COVID-19 era while reversing the
collapse of public transit.

Restoring transit ridership may be difficult for several reasons. First, some of the recent commuting
patterns are highly desirable, such as increased cycling, walking and telecommuting. These patterns are
beneficial from an economic, societal, and environmental perspective — and every effort should be made
to retain AT share gains. Second, new and returning commuters may be attracted to private vehicle use
in post-COVID times. As patterns of travel are re-established, transit service models and plans to attract
travelers must be coordinated with changing commuter needs.

One challenge for cycling in Vancouver is topography — hilly terrain and a large number of chokepoints,
such as bridges, require additional treatments and costs (Moovit Insights 2021a). Cycling infrastructure
needs to be more effectively built out to connect all residents safely and conveniently, from doorstep to
destination. Furthermore, deficiencies in transit and bus service capacity vis-a-vis demand levels have
restricted transit (even pre-COVID) and AT mode share, as have social capacity shortfalls, along with
difficulties in fulfilling convenient origin/destination travel. For example, SkyTrain is very expensive to
build, full bus rapid transit (BRT) is limited, and there is minimal capacity and coordination for bike (and
vehicle) park and ride.

However, there is some good news in the pre-COVID data. For example, the average time people in
Vancouver spend commuting with public transit on a weekday is 43 minutes (Moovit Insights 2021a),
which is less than other large cities in Canada. Wait times for transit are also lower than comparable
cities. Implementing proposed modal shifts will involve a complex recipe requiring the mixing of many
ingredients. The challenge will be increasing infrastructural and technological investments, along with
social marketing capacity building, to turn around existing issues as well as shortfalls created by COVID.
The task is to build a better customer experience, primarily for transit, but also for cycling.

Vancouver has distinct advantages for building out a comprehensive and integrated transit and AT
system. The climate is mild with few large snowstorms, and most folks are accustomed to and able to
handle outdoor activities and rain. The two other cities in this study, Edmonton and Winnipeg, have far
harsher climates. Still, even in these cities all-year cycling can be achieved with the proper knowledge,
equipment and clothing, as well as supportive infrastructure and operating support such as prioritized
snow clearing of protected bikeways (Winter Cycling Federation 2020). To a lesser extent, Vancouver
needs to implement similar tactics for rain.
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Vancouver also has high population density in the central core and relatively accessible, dense and
constrained bedroom communities and suburbs. Thus, Vancouver has a distinct advantage for both AT
and transit over many other municipalities in Canada. Vancouver’s opportunity to “build back better” is
significant. Planning, constrained by the cost of rapid transit, density and expensive real estate is well
developed. Itincludes expansion of SkyTrain, rapid bus (B-Line) and increases in cycling infrastructure
(TransLink 2021b).

TransLink has made significant advances in fare collection, information and planning services, including
such elements as real time information, scheduling and route fine-tuning. Transport 2050, the region’s
transportation blueprint for the next 30 years (TransLink 2021a), supports significant expansion of the
SkyTrain lines. Although expensive, these lines have high passenger throughput and are well-liked and
used by Vancouver citizens. Proposals include expansion of the Millennium Line to Arbutus and of the
Expo Line to Langley Centre. Additional 30-year timeframes offer about 100-200 km. or more of light
rapid transit, and as much as 350 km. of bus rapid transit (BRT), depending on the scenario.

While implementation schedules from TransLink (2021c) and the municipality are ambitious from a
planning perspective, they are modest against the timelines for achieving climate goals. A far more
audacious roll-out is required. That is dependent on fiscal and policy recognition of the value and role of
AT and transit along with the tremendous overall costs of using fossil fuels — as outlined elsewhere in
this paper.

For cycling in Vancouver, the high rate of e-bike adoption, which increases range and over-comes local
terrain challenges, minimizing effort and perspiration, is a game changer. E-bikes are an acknowledged
gateway to higher commuter cycling adoption, providing convenience and predictable commuting
times. They may stimulate much higher cycling participation, especially if subsidies can be provided for
e-bikes — as they are for e-vehicles — and safe and connected infrastructure and services are developed.

The opportunity in these planning scenarios is integrating AT, transit, and vehicle (autonomous or
otherwise) routing for efficient origin/destination travel and building a coordinated service model to
create the best customer experience. The ultimate objective is to develop policies and regulations to
divert private vehicle use, e.g. through mobility pricing, to more appropriate uses such as in un-serviced
areas, for group trips, multi-destination trips or where loads are unmanageable for cargo bikes or
transit. Another opportunity is to recognize transition costs for transit users and develop a post-COVID
rollout using community-based social marketing techniques and re-introducing transit, in particular for
returning and potential new riders. For example, welcome back events (e.g. concerts) prioritizing transit
use could be created around post-COVID plans to build back better. Free one week, or even one month,
passes would bring customers into the transit fold — a short-term cost for long-term gain.

Ultimately, TransLink and municipalities like Vancouver, in consort with provincial and federal partners,
must internalize the strong cost/benefit case and the positive return on investment (ROI) of funding
modal winners like transit and AT. This understanding supports the rationale for using data-driven
decision-making that leads to the right infrastructure, social support, and appropriate technology for
creating an attractive customer experience for AT and public transit users (Moovit Insights 2021b).

Winnipeg

Recent work on active transportation in Winnipeg began with the Marr (2005) report, which referenced
an earlier national document by Go-for-Green (2004). Active transportation was already recognized,
including its public health, social, economic and environmental benefits. Stronger emphasis emerged
regarding its potential for GHG reductions, in connection to the Kyoto Protocol, and possible “binding”
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national targets. In Winnipeg, the award-winning Winnipeg Pedestrian and Cycle Strategies (Urban
Strategies 2014) has become a blueprint for further actions across the city.

Support in Winnipeg for active transportation involves a combination of recreational- and destination-
oriented facilities. While the latter are critical for commuter modal shift, the two overlap in terms of
longer-term benefits. Naturally, active transportation networks involve a range of facilities, similar to
car and truck transportation networks.

In 2018, Winnipeg’'s network had 431 km. of “active transportation facilities,” including: 223 km. of
multi-use paths, 53 km. of bike lanes (on-street bicycle lanes physically separated from motorized
transport lanes); 56 km. of bike boulevards (signed bicycle routes); and 37 km. of on-street bicycle lanes
not physically separated from motorized transport lanes, called “sharrows” (City of Winnipeg 2020b, p.
2-8). Winnipeg Public Works (2020a) provides a full cycling map of the city.

The City of Winnipeg has an annual capital budget of about $S2 million to support active transportation
infrastructure (Winnipeg Public Works 2020b). However, the City has adopted a relevant and novel
policy framework that understates actual support of active transport. On major roadway rework
projects, costs of accommodating active transport upgrades, including widening and adding bike lanes,
are embedded in the project capital budgets.

The recent focus at Winnipeg Transit has been completion of the Southwest Transitway, now running
from its downtown terminus, at the University of Winnipeg, to its southern terminus, at the University
of Manitoba. This transit way is roughly 15 km. in length. The full system, known as the “Blue Line,”
was officially opened and fully operational in April 2020. Of course, by then, COVID-19 was starting to
take a heavy toll on ridership.

The Transitway connects the two largest transit destinations in Winnipeg, i.e. the two universities noted
above. This connection underscores the collapse in ridership caused by COVID-19, as both institutions
transitioned to on-line learning in the spring of 2020. The Southwest Transitway accommodates active
transportation, including pedestrian and cycling pathways along most of its length, as well as bike racks
and storage bins at major stations. Thus, the line enables passengers to choose intermodal transit/cycle
movement.

In the past, Winnipeg Transit had a portion of its buses equipped with bicycle racks. Today, especially on
newer buses, bike racks are largely absent. The problem is not a policy change, but rather garage space
limitations. Winnipeg Transit has been moving away from standard 40-foot buses, to larger and longer,
60-foot articulated buses. A bike rack adds two feet to the length of a bus, increasing garage space
requirements. Nonetheless, Winnipeg Transit intends to install bike racks, particular for use along the
new Transitway.

The city is in the process of updating its Transportation Master Plan (City of Winnipeg 2020a). The plan
will cover the next 30 years, to 2050, based on eight strategic priorities: (1) transportation and land-use;
(2) environmental sustainability; (3) equity and inclusiveness; (4) economic development; (5) strategic
approach; (6) mode choice; (7) transportation demand; and (8) transportation supply. Active transport
and public transit are integral components across these priorities, as reflected in the Winnipeg Transit
(2021) Master Plan.

Winnipeg’s active transportation networks are generally viewed positively, though evidence of this is
mostly anecdotal. Animportant success during 2020 was Winnipeg’s “Open Streets” initiative, in which
selected roadways throughout the summer were closed to vehicular traffic, in favor of pedestrians and
cyclists. This was largely in response to COVID-19, and similar to other programs noted by Fischer and
Winters (2021). Public response was highly positive, and an updated version of the initiative is planned
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for 2021. However, this year’s plan will be more limited, since the Government of Manitoba will not
consider amendments to its Highway Traffic Act prohibiting the co-mingling of pedestrians and vehicles
on roadways (Pursaga 2021).

One interesting example of modal shift is the active transportation infrastructure installed and used to
approach the University of Manitoba’s Bannatyne Campus as a destination. This large and busy complex
includes the Health Sciences Centre, Manitoba’s largest tertiary hospital. A recent, still unpublished
survey undertaken by Probe Research for the City of Winnipeg found that 60 percent of Winnipeggers
would ride bicycles if they were safe. This result suggests the importance of safety to facilitate a modal
shift to bicycles.

A common problem for active transportation has been a lack of data compared to other modes, such as
public transit, which collects a treasure trove of data during regular operations. People ride their bikes
but no one knows about it. Pioneering work in this area has occurred in Winnipeg, with GPS data and in-
depth interviews used to identify commuter cycling routes, traffic levels and needs (Elias et al. 2009).

There are indirect measurements available, e.g. gasoline consumption, which can be linked to vehicular
travel. An area of special relevance for bicycles, as noted previously, is safety related information. The
reporting of collisions and injuries for other modes are more rigorous, e.g. vehicular data gathered by
Manitoba Public Insurance. There is no such source of safety data for cycling. This lack of information
may make people fearful due to uncertainty about safety. This sort of information could also clarify and
justify the need for protected cycling infrastructure.

In Winnipeg, the commuting public may not be aware of various seamless multi-modal transportation
options that are available to them. The integration of public transit and cycling could be communicated
more effectively. Some folks may not aware of cycling-to-bus-to-walking options, and thus resort to use
of a private vehicle as the sole perceived options.

Another pressing issue, faced by Winnipeg as well as other municipalities, is a general infrastructure
deficit. Active transportation competes with a backlog of other critical infrastructure upgrades. Here, a
promising development is the recently announced National Active Transportation Fund, which provides
S400 million over five years to build and upgrade bike paths, pedestrian walkways and bridges, and
nature trails. The Fund is part of the $14.9 billion, eight-year public transit plan unveiled by the federal
government (Rabson 2021).

An additional limitation to active transportation for Winnipeg is simply winter! As noted above, the city
endures rather cold winter temperatures. In a rare example of research on winter cycling, Nahal and
Mitra (2018) study facilitators and barriers in Toronto. They found that only 27 percent of “cyclists”
claim to commute by bicycle during the winter. Of course, winter in Toronto is different than winter in
Winnipeg! There has also been recent attention on winter cycling in Nordic countries, e.g. the Finnish
cities of Oulu and Rovaniemi (Swanson 2016; Steensig 2021). While conditions in Oulu and Winnipeg
are different, these municipalities offer interesting benchmarking opportunities.

Implications

Implications for policy, practice and research are organized around various themes gleaned from the
results.

Impact of COVID-19 on transit

Regaining the benefits of public transit post-COVID, especially GHG reductions, will depend on restoring
ridership. This requires urgent action. Municipal leaders across Canada have collectively requested
funding assistance (Press 2021).
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The Government of Canada, through Infrastructure Canada, has been increasing spending commitments
toward zero emission bus (ZEB) implementation. However, if transit ridership does not recover, these
investments will be significantly under-utilized, and the opportunity to shift to a lower emission, higher
value mode will be wasted. Similarly, success of multi-modal sustainable transport options, especially
cycling/transit combinations, also depend on public transit availability and restored ridership. Thus,
assistance should not be focused solely on ZEB but needs to broadly cover transit agencies across the
country, including conventional systems.

Electric buses can provide enhanced quality of service, e.g. a quieter ride, reduced odours and reduced
GHG emissions. During the pandemic, emissions have declined due to less activity. After the pandemic,
ZEB could build on this improvement in the form of an energy efficiency effect (Haggiag 2020).

Parsons et al. (2017) advocate that transit-driven GHG reductions require a modal shift: from personal
vehicles to buses or trains. Clean Energy Canada and CUTRIC acknowledge the severity of the current
predicament—and the need for solutions and new funding to reinvigorate public transit across Canada.
While Clean Energy Canada (2020) included “A Note about COVID-19” in their recent report, amongst
CUTRIC’s (2020a) proposed Five-Point Plan, is: “Finding smart solutions for a safe return; investing in
research to identify issues and pose solutions to bring back ridership safely.” Similarly, lacobacci et al.
(2020) argue that the first step in transit’s recovery is to understand demand going forward.

According to Tirachini and Cats (2020), “The economic and social effects of the COVID-19 outbreak in
public transportation extend beyond service performance and health risks to financial viability, social
equity, and sustainable mobility.” The uncertainties and situation affecting public transit imply several
research questions and needs, including the following:

e How to make transit systems more resilient to COVID-19? This will likely require a combination of
new technologies (George 2021; CUTRIC 2020b), and better understanding of rider decision-making.
What sort of marketing campaigns are needed to enhance trust—and increase ridership? While this
guestion has recently attracted a variety of perspectives (e.g. APTA 2020; Dia 2020; Moore 2020;
Rousakis 2020; FTA 2021; McGowan 2021; Yen et al. 2021), numerous opportunities to study some
possible solutions — and to assess outcomes — remain.

e Since different jurisdictions may vary in responsiveness (Bert et al. 2020), socially-oriented solutions
that work in one place may not work elsewhere, in terms of enhancing confidence. Thus, thereis a
need for surveys and analysis tools that can be applied across a range of locations to measure local
characteristics and outcomes.

® Another potential strategy is the provision of incentives and incentive systems, such as free short-
term passes and passenger discounts. Post-COVID research on approaches to more comprehensive
pricing (such as carbon and mobility pricing) of conventional high emission vehicles may facilitate
shifts towards transit and active transportation.

To immediately assist transit agencies, the Government of Canada could exempt public transit agencies
from carbon pricing in provinces covered by the Federal Carbon-Pricing Backstop, with provinces not
under the federal system encouraged to do the same. Similar exemptions are already provided for
many agricultural applications.

While carbon taxation provides a signal of the importance of environmental issues, recent research
suggests it may be less effective than planned in yielding overall emissions reduction (Parsons 2021).
Canadian carbon taxation started in 2008 in British Columbia, ultimately inspiring the rationale for
national implementation. The Government of Canada is counting on carbon taxation to reduce GHG
emissions by 80 to 90 million tonnes by 2022 (ECCC 2018).
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The rationale for the transit carbon tax exemption is straightforward. While municipalities have been
receiving gasoline tax rebates from the federal government, the carbon tax is a separate and increasing
tax. Transit agencies must either absorb the cost, a loss of scarce resources running into millions of
dollars for medium to large systems, or pass it on to transit riders, raising social equity and ridership
concerns, especially in the time of COVID. Recent analysis shows that to make a difference in favour of
ZEB, carbon taxes must be considerably higher to reflect actual costs (Parsons et al. 2020). Incentives
may represent a preferred alternative, and are discussed further later in the report. Enabling a modal
shift toward public transit is critical post-COVID, irrespective of energy form used in buses. Removing
carbon tax would provide some immediate relief where it is needed — and would facilitate a modal shift
back to transit.

Decline in active commuting

There are also important unanswered questions about the long-term decline of walking. Has the plunge
in pedestrian activity been exacerbated by reduced infrastructure? Or, has the decline in infrastructure
funding been a response to less walking? Is this a result of demographic, psychographic or other social
shifts in Canadian society? How can this trend away from walking be reversed through urban planning,
design and other policies?

What are the reasons for the decline in walking by commuters? What can be done to increase walking?
This includes better characterizing the multi-modal nature of personal transportation, and how walking
fits. Forinstance, most transit riders walk to and from bus stops (Voss et al. 2016). Transportation
inequity regarding pedestrians, including an apparent reduced emphasis on infrastructure to support
walking as a viable commuting option, also needs to be investigated.

Increased cycling; uncertain multi-modal commuting

An ongoing concern for cycling, including cycling/transit multi-modal commuting, is the lack of action to
move things forward. While lack of political will is a substantial obstacle, there are “low-hanging fruit”
related to data and information. More and better quality data are needed. The call for relevant, on-
going, up-to-date and localized data on active transportation (walking and cycling) has been issued
globally (Grossman 2018) and echoed in Canada (Montufar et al. 2020; Branion-Calles et al. 2021).

Of particular concern is a lack of adequate safety-related data, including systematic accident and near-
miss compilations. Again, such data should be ongoing, up-to-date and local. At an international level,
data reflecting local issues has been identified as critical to confirm the efficacy of safety-related active
transportation improvements (Auert et al. 2020). Similar needs are expressed in Canada (Teschke et al.
2013; Viafara 2021). In previous research addressing this issue, Ismail et al. (2009) use Al recognition
software on traffic cameras to qualify and quantify near misses and minor unreported collisions with
vulnerable road users.

Another opportunity involves enhancing on-line information availability, to assist in mapping and route
planning for cyclists. Active transportation networks are typically outlined, but using less accessible and
less useful formats, especially while on-route, e.g. physical or PDF-based maps. While on-line tools are
available, especially for mobile devices, they are often unreliable. For example, the Google Maps app
includes cycling and walking for route selection, but availability can be inconsistent in certain locations
and situations. Further, the connectedness of active transportation networks is a major issue in many
municipalities. However, there is intrinsic, often subtle, knowledge available within cycling communities
on preferred routes and options. Such knowledge could be better and more broadly communicated. A
nation-wide coordinated effort to improve on-line information for route planning and adaptation would
be useful, without requiring extensive resources.
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Transit and active commuting across Canada

The plot of transit commuting proportion for 2016 as a function of CMA population (see Figure 4) is
clearly asymptotic. The relationship is strongly influenced by a relatively large number of smaller CMA,
all having rather small transit commuting proportions. This observation emphasizes the importance of
implementing transit not just in large cities, but in smaller cities as well. This suggests there is a need for
simplified programming, oriented to smaller cities having fewer resources and less ability to manage
complex programs. Regarding ZEBs for smaller cities, one idea recently advanced is use of per-vehicle
incentives, similar to programs promoting uptake of light-duty zero emission vehicles (e.g. electric cars)
for consumers (Melo and Parsons 2019).

The finding of a link between transit commuting proportion and CMA population is important. It implies
a need for further research to identify additional predictors of transit uptake, such as service frequency,
safety and cost.

More complete data are also needed to further understand active transportation relationships. In this
report, climatic data from Maclean’s magazine is employed since it: (1) is readily and publicly available;
(2) is useful for ranking Canadian communities; and (3) offers a straightforward way to make preliminary
comparisons. However, additional data are clearly needed to conduct more detailed analysis of active
transportation. For instance, what is the role of commuter perceptions of safety and weather on use of
active transportation?

For benchmarking purposes, further in-depth evaluation of top-performing CMAs, in terms of transit use
and active transportation uptake, is warranted. This would enable identification of factors or policies
that lead to higher performance levels. In addition, new data from Statistics Canada for the 2021 census
are anticipated. These data will enable further assessment and estimation of temporal changes, albeit
still subject to the skewing impact of COVID-19.

Conclusions

Key Finding #1: COVID-19 caused a collapse in public transit ridership across Canada. It also spawned a
surge of cycling, especially for recreational purposes. Research is needed to better understand possible
mechanisms and best practices to support transit ridership recovery — including incentive systems; and
to understand transitional strategies for transmitting and capturing the true cost of private vehicle (car)
ridership to travelers (e.g. whole costing with fuel costs future parking and mobility pricing). This could
inform marketing and capacity development narratives in support of sustainable transportation goals.
While it remains uncertain how this pandemic will play out, there is a need to develop scenarios and
study possible strategies and policies for the post-COVID context, e.g. marketing campaigns, temporary
free transit, mobility pricing, etc.

Key Finding #2: There is an ongoing, overall decline in active transportation-based commuting in Canada,
evident since at least 2001, led by a decline in walking to work. More research is required to understand
causes and develop potential solutions to increase active transportation, in particular to promote more
walking. The research and policy gaps appear to include issues in marketing, infrastructure and capacity
development, along with regulatory/legal changes.

Key Finding #3: Active transportation via cycling has been increasing slowly over time, across Canada
and in many urban areas. This trend is being bolstered by COVID-19, with a recent cycling renaissance.
However, a substantial portion of new cycling activity is recreation-oriented rather than for commuting.
While such activity is important from a public health perspective, it makes little contribution to emission
reductions. If the goal is to reduce emissions, cycling needs to replace vehicular-based commuting.
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Cycling routes within cities tend to be highly fragmented. There is a need to create reasonable routes.
A frequent problem occurs when the cyclist reaches the end of an obvious section, and then faces the
tricky question of: “where do | go from here?” While applications like Google Maps now include cycling
as an option, it works well in some cities but not so well in others. There is a need for some nation-wide
interactive mapping of urban and rural cycling routes. Many cities have active transport maps in PDF
form, but these generally lack the detail needed by cyclists.

The following research questions are particularly applicable to key findings #2 and #3:

1. What communication and marketing strategies are needed to build social capacity and increase
knowledge transfer on cycling? How should the business case, including benefits and return on
investment, for active transportation be developed and disseminated?

2. Research is needed to understand the current state of cycling infrastructure in Canada, along with
what an ideal would look like. How much would it cost to create a “complete system,” i.e. safe,
accessible, and efficient cycling infrastructure for all ages, abilities and incomes? What is the role of
cycling in healthy, vibrant and livable communities, both rural and urban? What needs to be done to
develop the cycling tourism sector?

3. There is also a need for mapping the coordination of behavioural tools and societal mechanisms to
support cycling uptake and ongoing participation through refining laws and regulations, e.g. Motor
Vehicle Acts (MVAs), as well as standards, education and training. There’s a need for harmonization
of Provincial MVAs — to protect vulnerable road users (VRUs), such as cyclists and pedestrians, and to
address other issues. Regarding education: What sort of educational programming would be helpful
to promote cycling in Canada? Who is the best target for such programming?

4. What are the best tax, financial and regulatory tools to leverage economic growth, safety and quality
of life, while supporting cycling? How can the uptake of cycling be facilitated? What is needed to
make it more affordable for all (e.g. no tax on bicycle gear, e-bike rebates, etc.)?

Key Finding #4: Multi-modal commuting in Canada remains uncertain, and represents a largely untapped
opportunity. The literature clearly shows the mutual and synergistic benefits of multimodal commuting,
whereby commuters combine transit and active transportation. This is particularly useful as a means to
further reduce GHG emissions. However, it is also clear that available information is inadequate, which
represents an important priority for the future. Statistics Canada currently only considers single modes
for classifying and analyzing commuting. More detailed data are required to understand the nature of
multimodal commuting, and to determine the best approaches to increase uptake.

We propose the concept of transportation literacy, and enhancing peoples’ ability to utilize a “tool belt”
of transportation options, as a basic principle underlying multi-modal and mode shift advancement.

Key Finding #5: Simple statistical models are useful to evaluate active transportation and public transit
within municipalities. CMA population was found to be a significant predictor of public transit use. On
the other hand, a climate variable (days above 0° C.) was identified as a significant predictor of active
transportation use, inspired by the annual evaluation reported by Maclean’s magazine.

There is a need for better data to enable statistical testing of the factors that may predict commuter use
of public transit and active transportation. Predictors to consider include population density (or simply
population), climate, availability of infrastructure and services, and community culture (i.e. receptivity
toward active transportation and progressive action on the environment and public health). A critical
question is: How can this sort of analysis be leveraged to deliver greater rates of transit ridership and
active transportation adoption where factors such as climate and density are not favourable?
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The latest 2021 census has just completed, and there is important potential to evaluate how CMA have
changed from 2016 to 2021, and to what extent overall correlations change. Of course, this requires the
newest census data, which will open the door to lots of research opportunities.

Figure 9 depicts some of the antecedents and consequences of active transportation (e.g. cycling and
walking) for commuting. Within any given jurisdiction, elements of infrastructure, safety, the weather,
car ownership and various geographic, demographic and cultural factors impact active transportation
uptake. The figure expands on a previous version presented by Larson, Parsons and Elias (2021b). The
literature provides considerable guidance on relevant variables for this sort of modeling.

Grabow et al. (2019) found physically active, educated, unmarried men living in urban environments to
be the most likely folks to use active transportation. “Bicycle friendliness” of commuting infrastructure
was another strong predictor of active transportation. In a recent study, Eldeeb, Mohamed and Pdez
(2021) focus on effects of the “built environment” on active transportation. Their results reveal positive
links between sidewalk density and both walking and use of public transit. While bike lane density and
cycling are linked in a positive direction, the connection between bike lane density and transit ridership
is negative.

A Danish study found active commuting to be associated with several transit infrastructure and service
elements, including distance to the nearest bus stop, density of bus stops and variety of transportation
modes available (Djurhuus et al. 2014). An earlier study in Jackson, Michigan focused on the impact of
partnerships and promotion on physical infrastructure, policy, and increases in cycling and walking in the
community (TenBrink, McMunn and Panken 2009).

Figure 9. Antecedents and Consequences of Active Transportation (AT)

Health
outcomes

Active
Transportation®

Other
factors¥**

* Lack of AT, i.e. physical inactivity, leads to obesity
** Other causes of obesity include diet and genetics

*** Location, safety, demographics, car ownership, culture, etc.
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In terms of consequences, active transportation has been linked to positive health outcomes, led by
lower likelihood or rates of obesity (Fenton 2005). Bassett et al. (2008) compared rates of obesity and
active transportation across Australia and countries in Europe and North America; and reported that
countries with the highest active transportation usage tend to have the lowest rates of obesity. Earlier,
Gordon-Larsen et al. (2005) found a similar result among Americans — overweight folks were less likely
to commute via active transportation.

Chen and Menifield (2017) study the impact of mode of travel for commuting on obesity across the 50
United States. While commuting by car was found to contribute to rising obesity in America, travel to
work using active transportation was linked to lower rates of obesity. Among residents of Los Angeles
County, California, Hu et al. (2014) found that proximity to rail stations and quality (availability) of bus
service were associated with lower likelihood of obesity, presumably attributed to active transportation
needed to access transit services.

Based on their study in Ottawa, Arnason et al. (2019) predict that municipal policies to increase active
transportation could prevent hundreds of diabetes incidents. To the west, Frank et al. (2022) conducted
a large-scale survey on active transportation and health outcomes in British Columbia. They identified
direct associations of greater neighborhood walkability on lower rates of obesity and diabetes. Obesity
also mediated the link between walkability and diabetes.

Active transportation commuters have expressed higher levels of subjective well-being and work-life
balance (Herman and Larouche 2021), less dissatisfaction with their commuting experiences (Paez and
Whalen 2010), and greater happiness (Smith 2017).

While Figure 9 focuses on active transportation, a complementary model is needed for further study of
antecedents and consequences of public transit ridership in Canadian cities (Flores 2016; Litman 2021;
Zheng 2008).

Knowledge mobilization activities

These activities have already been happening, and will continue after the January 18, 2022 KSG event.
Three team members presented some selected, preliminary project results at the last Transportation
Association of Canada (TAC) Health and Transportation track (Larson, Parsons and Elias 2021b). Also,
the fourth team member, Yesiltas, is developing her M.Sc. thesis on active transportation in Canada.

This report will be posted on the lead author’s University of Manitoba web-site and promoted by the
University through its UM Today magazine. An “evidence brief,” supplemental to this report, will also
be provided for dissemination.

The team plans to submit papers for presentation at the 2022 Canadian Transportation Research Forum
(CTRF), scheduled for June 12-15 in Montreal and the 2022 TAC conference and exhibition, scheduled
for October 2-5 in Edmonton. The lead researcher also recently joined the TAC Active Transportation
committee. Further, there may be an opportunity to organize a virtual conference or webinar event
about active transportation and public transit, in cooperation with the University of Manitoba Transport
Institute (UMTI). Currently, such an event is tentative, partly due to the ongoing pandemic.

Finally, the project team is determined to submit up to two manuscripts for review at relevant scholarly
journals, e.g. Journal of Transport and Health, Journal of Public Transportation and/or Transport Policy.
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