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1. INTRODUCTION

Recent years have seen transport planning focusing more on advancing social and
sustainability goals (Manaugh et al., 2015). Transport plans document a region or city’s long-term
transport goals, and often define cities’ aim to increase sustainable mode use (public transport
(PT), walking, cycling) and decrease personal car use. These goals can also be set with hopes of
increasing people’s quality of life through the means of transport. To ensure these targets are
reached, performance-based measures are increasingly becoming incorporated in transport plans
worldwide (International Associate of Public Transport, 2010).

Accessibility, or the ease of reaching destinations, is a performance-based measure that
accounts for land use, transport mode, time, and individual characteristics of a traveler, and gives
policymakers a better idea of how adequately cities provide their residents access to services and
opportunities (Geurs & van Wee, 2004; Hansen, 1959). A shift from planning for mobility (a
measure of transportation system throughput) to planning for accessibility is necessary (Levinson,
2019). There are various approaches to assessing accessibility, including the use of cumulative,
gravity, and utility-based measures (EI-Geneidy & Levinson, 2006; Handy & Neimeier, 1997).
The cumulative accessibility measure is the most straightforward among those, as it corresponds
to the number of opportunities that can be reached in a certain time threshold (EI-Geneidy &
Levinson, 2022). Moreover, the cumulative opportunity measure was found to be as reliable as
more complex (Kapatsila et al., 2023).

Cities are applying accessibility measures to advance their sustainability goals (Handy,
2020). Research has proven that higher levels of accessibility led to shorter commute times
(Levinson, 1998), increased land values (Martinez & Viegas, 2009), and decreased risk of social
exclusion (Lucas, 2012). Moreover, accessibility can potentially affect transport mode choices, as
evidenced by an increased public transport mode share and a decrease in private-vehicle travel
distance for the areas with enhanced transit accessibility (Cui & El-Geneidy, 2019). This, however,
requires further research, especially accounting for who uses PT and destinations needing to be
accessed. As it accounts for individual characteristics, location-based accessibility could help
better understand the impact of land use and the transport network on different populations, such
as vulnerable groups (Deboosere & El-Geneidy, 2018). Moreover, smaller cities tend to select
accessibility goals or PT mode share goals based on general thresholds that aren’t necessarily
suitable for the region (G. Boisjoly & A. El-Geneidy, 2016). As such, there is a gap in
understanding how accessibility can be meaningfully used to increase the use of more sustainable
transport modes like PT.

To guide communities in their aspirations to increase sustainable mode use this study
identifies the minimum levels of accessibility needed to improve travel-time equity and achieve
the targeted PT mode shares in eight major Canadian Metropolitan Areas (CMA). The knowledge
is generated through the exploration of the relationships between the level of accessibility, mean
travel time by PT, and the existing as well as desired PT mode share for all and low-income groups.
This last step of the analysis is particularly important, as income-disparity in transit ridership is
well-documented (Giuliano, 2005; Taylor et al., 2009), emphasizing the necessity for planners and
policymakers to account for this inequality when developing interventions aimed at increasing PT
mode share. The findings of this quantitative assessment can help policymakers and planners to
better understand the opportunities and limitations for accessibility measures to guide and achieve
an increase in sustainable transport mode share.



2. METHODS

This study pertains to eight major Canadian CMAs located across the country with varying
populations, areas, geographies, and PT networks, including Toronto, Montréal, Vancouver,
Edmonton, Québec City, Winnipeg, London, and Halifax. Moreover, to study the differences
between the core city, which generally has better transit accessibility and PT use, and the rest of
the CMA, we explore these regions separately for each of the eight study areas. Since official city
delineations were not available for Halifax, census tracts (CTs) near the centre of the CMA and of
PT service were chosen as proxy.

The mean values for the various input variables, as well as the population and density
values, are presented in Table 1 for the eight metropolitan regions. The targeted PT (PT) mode
share, found in the regions’ respective transport plans, are also included.



TABLE 1 Summary of descriptive statistics of the eight studied regions

Vancouver Edmonton Winnipeg London  Toronto Montréal Qé?tl;ec Halifax?
Population
CMA 2:46 132 900480 494060 O 4.10 800,296 403,390
million million million million
City 631,486 932,546 705244 383822 292 1.70 531,002 279,313
million million
Density (pop/km?)
CMA 854.6 140.0 146.7 185.6 1,003.8 890.2 234.8 73.4
City 5,492.6 1,360.9 1,518.8 913.1 4,334.4 4,662.1 1,173.2 335.9
Public transport share (%) 20.4 11.3 13.6 7.2 24.3 22.3 11.1 11.8
Car share (%)! 69.3 82.6 79.1 85.1 68 69.7 80.4 77.7
Target public transport share (%) 34 35 15 20 26.3 35 26 16+
Travel times (for public transport)
Mean travel time for all jobs (minutes) 48 54 47 49 51 49 51 51
Mean travel time for low-wage jobs (minutes) 47 54 47 50 51 47 55 49
Mean travel time for non-low-wage jobs (minutes) 49 55 47 47 51 51 47 53
Accessibility
Total jobs at mean PT travel time (thousands of jobs) 136.5 93.3 88.3 50.2 238.4 288.0 94.6 50.6
Low-wage jobs at low-wage mean PT travel time 48.6 34.1 27.6 18.0 673 83.5 36.0 15.2
(thousands of jobs)
Non-low-wage jobs at non-low-wage mean PT travel 4 5 61.1 58.6 29.1 162.9 204.0 511 35.7

time (thousands of jobs)

*Unless otherwise specified, all the numbers refer to the CMA

! Solo and car passenger combined
2 The city refers to Halifax, Dartmouth and Bedford, which were chosen due to their proximity to the city centre and

the public transport network



Cumulative-opportunity measures were used in this study to calculate job accessibility in
the eight regions. This method estimates the number of job opportunities reachable from a given
point at a fixed travel time using census data pertaining to jobs available in each CT and the travel
time between the centroids of said CTs.

We obtained data from the Statistics Canada 2016 Commuting Flow tables and archived
records from General Transit Feed Specification (GTFS) for each region. The Commuting Flow
tables contain information on the number of workers commuting between their home and work
CTs, the mode of transport used for the trip, and the commuter’s income bracket. This information
also allows for the calculation of the PT mode share of the CT, with modes included being bus,
subway, elevated and light rail, streetcar, commuter train, and passenger ferry. The number of jobs
available in each CT was approximated by the number of commuters working in that CT. The
main limitation of using the Flow tables is that the data can be suppressed to ensure confidentiality,
leading to inconsistencies in areas with very few commuters. The spatial distribution of the jobs is
not available through the Flows, so all jobs were assumed to be located at the centroid of their CT.
Using the approach for larger CTs (e.g., suburban) may result in less precise travel times, which
could impact the observed accessibility levels in those areas.

As different income groups typically use PT at varying frequencies, a deeper equity
analysis was deemed important for the study. The income threshold considered for the low-income
group as 30% of the median income in the region (Deboosere & El-Geneidy, 2018) translates into
a $30,000 CAD threshold for all studied regions except for Edmonton, where it is estimated as a
$40,000 CAD threshold. The non-low-income group includes jobs of commuters with the income
above that threshold.

In order to estimate PT travel times, GTFS data for each region from Fall 2016, the specific
date depending on the data availability, is used. This data is processed in the R statistical software
using the 57 package (Pereira et al., 2021). The package generates the transit-travel-time estimates
between the CT centroids in the various CMAs, including the in-vehicle travel time, access, egress,
waiting, and transferring time. The 8-9 AM period on a regular weekday was selected based on
previous studies (Genevieve Boisjoly & Ahmed El-Geneidy, 2016).

Since the cumulative-opportunity measure of accessibility is time-based, it is important to
use the appropriate time threshold when studying the impact of land use and transport network on
different populations. Given the regional scale of the study, we chose to use the mean travel time
for the entire region as the travel-time threshold for accessibility to all jobs, as well as the
respective mean travel time for low-income and non-low-income groups in the equity part of the
analysis. These mean travel times can be found in Table 1.

Cumulative accessibility measures were calculated as follows:

J
1 1, Lij < tmean
Ajops,i = m; Eif (ti;) where f(t;;) = {0, tij > tmean

Where:

Ajops i = accessibility to jobs from origin CT i

J-J:I E; = total number of jobs in the metropolitan region
E;j = number of jobs in destination CT j
f(t;) = a dichotomous function to determine whether jobs in CT j are reachable by CT i



tij = commute travel time by PT between 8 and 9 am between CTs i and j
tmean = mean commute travel time being used as the travel time threshold

The relationships between the mean travel times and accessibility, as well as mode share and
accessibility at the mean travel time, were assumed to be non-linear following the findings of the
previous studies (Cui et al., 2020; Deboosere & El-Geneidy, 2018). In practice this means the
addition of a squared term for the time and mode share to the respective regressions. The estimated
mean travel time and accessibility model is formulated as follows:
Ajopsi = Bo + P1Xi + Bo X}
Where:

Ajobs,i = accessibility to jobs from origin census tract i at the mean travel time

Xi = mean travel time for PT commuters or PT mode share of commuters (depending on
the model) leaving CT 1
B,-B,,B, = parameters to be estimated

Separate estimates are generated for each metropolitan region for all, low-income, and non-
low-income jobs, using its corresponding mean travel time as the threshold to calculate job
accessibility.

3. RESULTS

3.1 Descriptive Statistics

As shown in Table 1, the three most populous regions, Toronto, Montréal, and Vancouver,
are also the densest, especially in their urban core, and they report the highest PT mode share.
According to their transport plans, their target PT mode share varies between 26.3% for Toronto
to 35% and 34% for Montréal and Vancouver respectively (Autorité régionale de transport
métropolitain, 2021; Metrolinx, 2008; Translink, 2022). Since Vancouver and Edmonton’s
transport plans had only a combined PT, walking and cycling share (City of Edmonton, 2020;
Translink, 2022), a PT share was estimated using the ratios of sustainable mode use recorded in
the 2016 Census and this amalgamated goal.

Edmonton, Winnipeg and Québec City, mid-sized CMAs, have a much lower PT share.
The City of Edmonton is aiming for a 35% public transport mode share, the same as Montréal,
whereas Winnipeg and Québec City aim lower at 15% and 26% respectively (City of Edmonton,
2020; City of Winnipeg, 2020; Ville de Québec, 2010). At the same time, the three mid-size cities
have similar levels of accessibility.

Finally, the two smallest cities, London and Halifax, have very low densities compared to
other regions. Interestingly, Halifax has a relatively high PT mode share, 11.8%, compared to
London’s, which stands at 7.2%. London is targeting a 20% PT mode share whereas Halifax is
aiming for 16% (City of London & AECOM, 2013; McPhail Transportation Planning Services
Ltd. & Halifax, 2017). The levels of job accessibility at the respective mean PT travel time are
similar for both CMAs.



3.2 General Accessibility
Reasonable Travel Time and Accessibility

Figure 1 shows the relationship between cumulative accessibility in each region by PT at
the CT level and estimated mean travel time of commuters residing in these CTs. The travel time
threshold used for generating the cumulative opportunities in each region is set to the mean travel
time by PT in the entire region. A target travel time of 60 minutes was assumed as a reasonable
goal for the eight regions following the findings of the studies on the subject (Milakis et al., 2015).

Toronto, Montréal, and Vancouver show a relatively high level of PT accessibility,
especially within the main city limits. Since these regions have the most developed and well-used
PT networks among the eight studied CMAs, these observed levels can be expected.

Toronto shows an enormous disparity in the number of transit-accessible jobs among CTs,
some having access to more than the 800,000 jobs with a mean travel time below 60 minutes,
whereas others can barely access any employment opportunities in the region by transit. Given the
observed trends, the average accessibility of jobs in Toronto CMA would have to be around
780,000 jobs for the majority of CTs to have a reasonable travel time of 60 minutes by PT.
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Figure 1 The relationship between mean transit travel times and mean employment accessibility at the census
tract level



For Montréal, a significant portion of the city CTs can already be found below the 60-
minute travel-time target of 375,000 jobs. Interestingly, we can observe two categories of CTs,
similar to Toronto’s. We believe this to be a clear distinction between the accessibility levels and
transit service available to mature and activity-rich urban cores, and to other more suburban parts
of the region.

On average, the CTs in the City of Vancouver have very high PT accessibility and their
mean travel times are lower or revolve around 60 minutes already. However, in the rest of the
CMA, baring a few exceptions, the mean travel times by PT are much higher, though fewer jobs
can be accessed from those CTs. Based on the observed trend for the Vancouver CMA, to move
more CTs to the mean travel time of 60 minutes by PT, the average number of accessible jobs must
be more than doubled, to reach the target of 305,000 accessible jobs.

The three mid-sized regions (Edmonton, Winnipeg, and Québec City), with their lower
population density and less-developed PT network, yield very similar results. In Edmonton CMA,
the mean PT travel times are high, and the mean number of jobs accessible at 54 minutes or less
is 93,310. For a targeted mean PT time of 60 minutes, the number of jobs needed would be
235,000, which is higher than the current mean in Toronto, a city with more than four times its
population. In Winnipeg CMA, the relationship between the mean PT travel times and number of
accessible jobs is more linear than in the cities discussed above, with CTs that have shorter PT
travel times having transit access to more jobs. Since the mean number of jobs should already
theoretically correspond to the 60-minute mean travel time, the transit network needs to better
serve the rest of the CMA and allow them to get to their destinations more quickly. Finally, in
Québec City, there is more variation in the number of jobs accessible by PT within the mean
transit-based travel time of 51 minutes, especially in the city itself. This is mostly observed in the
CTs that have a higher number of accessible jobs and shorter mean PT travel times.

The two smallest metropolitan areas, London, and Halifax, display trends similar to the
larger CMAs. In London, similarly to Winnipeg, the more jobs are accessible by PT at the mean
PT travel time of 49 minutes, the shorter the mean transit-based travel time is for the CTs. In the
Halifax CMA, much like in Québec City, the targeted number of accessible jobs by PT at the mean
travel (55,000) is not far from the existing mean of accessible jobs (50,600).

Based on the observed trends it is obvious that smaller regions in Canada are far closer to
or already at the mean level of employment accessibility by PT within the reasonable travel time,
especially when compared to the largest CMAs. The average level of accessibility needs to be
radically improved to move travel times by transit for the majority of CTs to a 60-minute mark for
the medium and large CMAs, especially in the more suburban parts of the CMA. On the other
hand, some regions like Toronto and Montréal have a clear division between the CTs with
exceptionally high levels of accessibility and low travel times, and the parts of CMAs where
accessibility by PT is below the regional average but has higher travel times.

Accessibility and Mode Share

Figure 2 plots transit-based job accessibility as it relates to the PT mode share. For each
region the observed and desired PT mode shares were plotted, though it is important to note that
the year chosen to reach this goal depends on the region, and how each region plans to ensure the
goals are met differs.



Toronto Montreal
900~

2 o
s50- a‘;?‘\: ® v 73, 614x008° CensusTract Type ax0. ¥ =504+ 773040 1% g}: g Census Tract Type
) . ‘ )

800- So :" DL 9 igiican o i |8 CiyotToomo a0 R =085 ﬁ (3] M ® Gty of Monteal
g s . Rest of CMA & i
8™ b _5 (0 F & 750~ L i .
= 700 'ggﬁ'l 1 " o ® @

& 650~ .CD‘?*

2

2 600- L3 E“ .

g Dl 0

2 550~ . . L]

z S, & :

= sto- '2: = s

B sco- = e

£

g L]

M e e Target = 345 K
7

& Mean = 288.04 K
3 Mean = 238.41 K

§ Target=175 K

3

-

30 Qo
Public Transit Mode Share (%)
Vancouver Edmonton
o
550- y = ~66.24 + 10.4x - 0.02%%, g\: 55 Census Tract Type s50- Y= =12.66+7.47x - 0.04%" 2 Census Tract Type
RE=054 o . @ ® Ciy of Vancouver R®-049 5 g ® Gty of Edmonion

- & fi - 2 i A
8 n e =] d o
g =] B 8 ol = o
: . ! :
2 g £ wo o =
z 2 z z o
£ o £ 150- 2 |
E < 2 re] '
= = s (e} ¥
5 s - < !
= =
£ Target = 260 K £ g '
2 2 i . e o '
2 2 Ao --- Target = 205 K
ot
< < i
& Mean = 136.49 K % '
: : R Mean = 102.48 K

0 10

20 30 a0 = 60 o 10 20 k) 0 50 50
Public Transit Mode Share (%) Public Transit Mode Share (%)
Quebec City Winnipeg
2
550~ 3 © y=-25.88+8.04x - 0.05)(2 Gensus Tract Type 550~ B y=-10.71 +6.09x - 0_02)(2 Census Tract Type
& o RP-06 ® Civotouse © - ® Gy of Winripeg
500- o Festof CMA 500~ o2 R*-054 Restof CHA
-
n
450~ ] 450~ -
'GO) [}
E e
3 B
350~ F=] 350~ (o}
2 <
300~ < 200- =
2 o
- :
'

Target = 150 K
Mean = 94.55 K

# af Jobs Accessible within 51 Minutes by Transit (000s)
# ot Jobs Accessible within 47 Minutes by Transit (000s)

_.-Mean =88.31 K
Target=75K

a0 50 60

0 10 0 30 0 20 )
Public Transit Mode Share (%) Public Transit Mode Share (%)
London Halifax
o 0 o
550- 2 z y = 0.26 + 5.05x —0.04x° Census Tract Type 190- 2 b Y=-3.2713.47x-0.02x2 Census Tract Type

& & 5 ® Ciyof London 180 = RE_Q3 ©® Sovolsm
750 ~ - R*=057 . puiorcmn F 170 L= | - Festol G
g : g g =
£ 00 k] S 1e0- =
= ] G} o o O
g e = g P
£ 100 2 £ = 0= o =
5 2 € £ 2
g 350~ 2 : § 2
H x g
z = H S =
g % (&} : 5 O
£ ' ' s '
5 wo- ; : £ |
2 H | 2 |
3 200 i ! 2 i
g H H g i
g H : 4 ;
7' ] : 5 --Mean = 50.60 K
8 ! ! 5 ---Target = 44 K
TR e SR T ettt e e o Target = 85 K *

Mean = 50.22 K o
; ; 0-e % ( ;
50 &0 ] 10 50 60

2 30 a0 20 3 40
Public Transit Mode Share (%) Public Transit Mode Share (%)

Figure 2 The relationship between public transport mode share and mean employment accessibility at the
census tract level

10



For Toronto, which set a very conservative PT mode share goal of 26.3%, the vast majority
of the city CTs are already well above this target, whether or not it corresponds to a high level of
accessibility. The rest of the CMA remains underserved, having relatively low numbers of transit-
accessible jobs, and low PT mode shares.

To hit the more ambitious PT mode share goal of 35% in Montréal, the average level of
345,000 accessible jobs must be achieved. Increasing the number of jobs might prove to be more
beneficial to CTs that have fewer jobs accessible, meaning predominantly for the rest of the CMA,
whereas the CTs above the targeted number of jobs already have a high PT mode share.

On the other hand, the majority of the CTs in the City of Vancouver already have transit
access to jobs well above the regional mean, and as a result PT mode share for the city CTs is
already around its intended 34% share goal. At the same time, most of the CTs in the rest of the
Vancouver CMA have poor transit accessibility at the mean travel time and significantly lower PT
mode share.

For the mid-size CMAs, the relative feasibility of the PT mode share goals varies.
Edmonton set an ambitious goal of 35%, meaning it would have to double the current number of
transit accessible jobs to achieve it. Moreover, currently in the city CTs, a higher number of
accessible jobs does not necessarily result in higher PT mode share. The rest of the CMA has
almost no PT accessible jobs and the PT mode share remains very low.

The City of Winnipeg stands at the other end of the goal-setting spectrum. Having set a
transit share goal of 15%, it already provides enough jobs accessible in 47 minutes to theoretically
hit this target (75,000 jobs). Moreover, many CTs’ PT mode share is already higher than the goal.
Finally, of the three mid-sized CMAs in this study, Québec City is somewhere in the middle, with
a PT mode share goal of 26%. Our model suggests that a mean accessibility of 150,000 jobs
reachable by 51 minutes by transit would be needed.

In London, similarly to Edmonton, the PT mode share goal of 20% is higher than the
observed share in any CT in the region. However, the higher number of jobs accessible within 49
minutes by PT seems to be related to a higher mode share. The transit mode share and job
accessibility in the rest of the CMA is almost non-existent which represents the reality of the extent
of the transit service. Like the Edmonton CMA, the introduction of a regional PT system is
instrumental for the achievement of the transit mode share goal.

Halifax set a public-transport-share goal of 16%. There, many CTs already have a higher
PT mode share than the target. Like in the case of Québec City, the PT mode share is quite high in
the rest of the CMA compared to regions of similar size and transit provision.

This section of the analysis has shown that Canadian communities that have set more
ambitious PT mode share goals are in need of a significant increase of average job accessibility at
the mean travel time. Nevertheless, the target number of jobs allowing the CMAs to reach their
transit mode share goal is usually lower than the one needed for the 60-minute time travel goal,
which means that dedicated efforts would have to be made towards hitting both targets in order to
see significant improvement in PT use.

3.3 Equity Analysis of Accessibility and Public Transport Mode Share

The introduction to this chapter highlighted the difference in the use of PT across various
income groups. To understand what this means for mode share goal setting, we replicated the
analysis for low and non-low-income jobs. This effort is necessary to ensure that the benefits that
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arise from additional investments are equitably distributed, as well as groups that currently use PT
less are prioritized when transit promotion policies are developed.

We analyzed all eight CMAs, however, for the purpose of brevity, results are reported for
one of the large, mid-sized, and small regions, as the trends are generalizable. The findings are
presented in Figure 3.

In Toronto, the number of jobs that would allow the target PT mode share to be possible
has been surpassed for both low and non-low-income jobs. Most of the city CTs report shares
above the targeted 26.3%, though fewer low-income jobs are accessible at the mean PT travel time
when compared to the non-low-income ones. The latter group enjoys a far greater access to
employment opportunities, though their average mode share is visibly lower than for the low-
income employment.

The differences between the two income groups are also significant in Winnipeg. Non-
low-wage workers enjoy a far greater level of employment accessibility by transit, though CTs
with low-wage workers have a significantly higher share of PT users. Lastly, the same trend holds
truth for the smallest CMA in this sample — Halifax. However, given the relatively unambitious
PT mode share goals these communities have, even small improvements to accessibility may bring
these communities to the desired levels.

Overall, this section confirms that low-income commuters use PT at a far greater rate
compared to non-low-income ones, despite the lower level of accessibility offered. This suggests
that a dedicated effort needs to be made to allow for low-income workers to enjoy the same level
of transit accessibility as the more advantaged income group has. On the other hand, it is also
evident that the effect of accessibility on mode share has its limits, and for non-low-income
workers, other policies should be considered to facilitate their uptake of PT.

4. CONCLUSION

This study offers an evidenced-based methodology to setting the level of accessibility
necessary to achieve regions’ goals in terms of reasonable travel times and PT mode share as they
plan for the more sustainable future. The results show that the required level of transit-based
accessibility is context-specific and depends on the size, density, built environment, and spatial
structure of respective regions, as well as the level of ambition that their goals represent.

Generally speaking, for many regions with relatively modest PT mode share goals, the
improvements in accessibility would require moderate efforts. However, to provide more residents
with the reasonable travel times of under an hour, or under the current average travel time, the
increase in transit accessibility would have to be more dramatic.

We have found that fewer low-income jobs were accessible at the corresponding mean
travel times, though the PT shares in these CTs were much higher than for the non-low-income
group. Improving PT service would greatly improve low-income PT users’ travel experiences.
This study demonstrates how important it is to use region and group-dependent thresholds in
assessing the benefits of accessibility and the importance of accounting for these differences when
developing policies aimed at achieving an increase in the use of sustainable transport modes. At
the same time, it all also highlights the limits of accessibility to deliver the desired increase in PT
use, and the necessity to consider other policies, especially those that target non-low-income
individuals.
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Figure 3 The relationship between public transport mode share and mean employment accessibility at the
census tract level for low and non-low-wage jobs
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