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Abstract This paper provides an analysis of trip generation of three vulnerable groups:
single-parent families, low income households, and the elderly. It compares the mobility of
these groups to that of the general population in three Canadian urban areas of Hamilton,
Montreal and Toronto, based on data from large-sample metropolitan transport surveys. An
ordered probit model with spatially expanded coefficients is used for the analysis. Spatial
expansion shows that there are spatial mobility trends for elderly populations and low-
income populations even after socio-economic attributes are accounted for. Such spatial
differences are not generally found for single parent families. This novel spatial analysis
provides clues as to where vulnerable populations may experience greater degrees of social
exclusion. It provides information to help prioritize transportation infrastructure projects or
other social programs to take into account the needs of vulnerable populations with the
lowest levels of mobility.
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Introduction

Transportation systems and services are central to the livability of modern cities (Solomon
2000). This is evident to anyone who has experienced both the convenience of being able
to regularly reach a variety of service and opportunity locations, or the nuisance of daily
congestion in any major metropolitan area. For many, the advantages and disadvantages of
transportation are fairly evident, and are a necessary aspect of urban living. For some
others only the disadvantages are clear, a situation that can lead to a long string of
unsatisfied needs. The quality of the transportation experience of various vulnerable
population segments is a growing concern, given the (usually negative) presumed impli-
cations of poor mobility for full participation in the activities that satisfy the needs of daily
life. These population segments include the poor, who may lack the means to realize their
mobility potential, the old, who may face the onset of reduced ability and vigor to negotiate
their environment, and individuals in single-parent households, who must undertake
multiple vital roles as housekeepers and bread-earners. Transportation disparities (e.g.
differential access to mobility tools and transport services and infrastructure) have been
identified as important factors in the processes of social exclusion and environmental
justice in the UK (e.g. Church et al. 2000; Social Exclusion Unit 2003; Lucas 2004;
Kenyon et al. 2003), US (e.g. Bullard 2000; Giuliano 2005; Deka 2002; Scott and Horner
2008) in Canada (e.g. McCray and Brais 2007; Litman 2007), and in Australia (e.g. Currie
2009).

While initially motivated by issues of poverty and material deprivation, social inclusion/
exclusion is now more broadly seen as a distinct concept. Todman (2004), for instance,
argues that social exclusion shifts the focus away from economic poverty and material
deprivation, to concentrate instead on the various other (e.g. social, political, and cultural)
dimensions of being disadvantaged. Thus, whereas poverty is characterized as resource
insufficiency, social exclusion is regarded as the inability to exercise rights, and while
poverty is caused by unmet needs, social exclusion is a consequence of barriers to
accessing social institutions (Abrahamson 2003). Despite the potential overlap between
poverty issues and social exclusion, the distinction is important for several reasons. In
poverty analysis, for instance, social stratification is vertical, with poor at the bottom and
non-poor at the top. In contrast, from a social exclusion perspective, social stratification is
horizontal, with those excluded on the outside or peripheral to the insider mainstream.
After all, one needs not be poor to experience barriers that could affect full participation.
The policy prescriptions are also different. Income generation through job and social
welfare transfers directly addresses poverty, whereas enhancing access to opportunities is
the preferred tool to decrease exclusion. This is not to say that material deprivation is not
important. As Todman (2004) notes, increasing income is an important policy in social
exclusion, however, increasing access to opportunities is central. The impact of an
employment, education or recreational opportunity created would be diminished if it were
not accessible to those it was supposed to benefit. A shift in attention towards improving
access to opportunities means that mobility on the one hand, and the opportunity landscape
on the other, should be central elements in social inclusion research (Social Exclusion Unit
2003; Lyons 2003; Lucas 2004; Miller 2006).
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The objective of this paper is to contribute to the literature on the social exclusion
dimension of transportation. There are a number of different perspectives from which
mobility can be thought to affect the ability of individuals to fully participate in the
activities of daily life. In this paper, we focus on the generation of trips, which is a general
indicator of out-of-home activity engagement. Three Canadian urban areas for which
detailed travel behavior information is available are analyzed, namely Hamilton, Montreal,
and Toronto. Our choice of target population segments is dictated by current demographic
trends in Canada. Cities in this country, partly fueled by immigration, have an increasing
population of low-income residents whose job opportunities and other activity destinations
are disconnected (Bourne 2003). Also motivating the study is the rapid aging of the
Canadian population (Newbold et al. 2005; Scott et al. 2009). In Central Ontario, for
example, the proportion of population older than 65 years of age is projected to escalate
from 12 to 25% in 2021 (Bourne 2003). While higher levels of education, health, tech-
nology access, and auto dependence have characterized the aging baby boom generation
(Bush 2003), there are continued concerns about their mobility needs in the future, since
many live in relatively low accessibility suburban locations and are expected to “age in
place”. Access to different modes of transportation has been identified as a key factor in
affecting the mobility of this vulnerable population segment, and while auto ownership
appears to be a powerful mobility enabler, the challenges of driving cessation have also
been highlighted by recent research (Paez et al. 2007; Mercado and Paez 2009). Finally,
single parents are of interest. While not the explicit focus of previous research, single
parent families are a significant and growing population group in urban centers of Canada.
The proportion of families in Toronto, Montreal and Hamilton led by a single parent
increased from 25% in 2001 to 26% in 2006 (Statistics Canada 2001, 2006). Compared to
couple families whose median annual income was $70,400 (Canadian) in 2006, the median
income of single parent families was only $33,000, with 28% having an income below
$20,000 (Statistics Canada 2001, 2006). The parent in such households single-handedly
carries a heavy burden of both child-rearing and providing for the household, and is thus in
greater need of convenient access to opportunities.

Analysis in the paper is based on the two largest travel surveys in Canada, namely the
Greater Toronto Transportation Tomorrow Survey and the Greater Montreal Area Travel
Survey, for the latest years currently available (2001 for Toronto and 2003 for Montreal).
This research focuses on the spatial characteristics of travel behavior. Church et al. (2000)
argue that most transport researchers studying exclusionary transport issues in the UK have
dwelled on a “categorical” approach (i.e. focus on social groups such as women, older
people, unemployed) while paying little attention to the spatial characteristics of their
travel to activities. These researchers note important policy questions regarding the extent
to which resources should be allocated to particular social groups or to specific geo-
graphical areas. Accordingly, the objective of this paper is to investigate whether personal
attributes interact with location to influence trip generation. In this way, this study bridges
the gap between purely individual factors and geographical propinquity in the study of
transport-related social exclusion (q.v. Miller 2006).

Specifically, three hypotheses are tested. First, we test the hypothesis that variables such
as employment and mobility tools have less positive effects on trip generation for vul-
nerable groups than for the general population. Clearly, if no variations are detected in trip
generation behavior, it would be reasonable to conclude that social inclusion is not affected
by this dimension of mobility. Second, we investigate whether there are systematic vari-
ations in mobility over space that cannot be captured as a function of individual attributes,
but that are better explained as contextual effects emerging from the interaction between
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location and personal characteristics. The underlying question is whether travel behavior
varies over space for identical socio-economic and demographic profiles. For example,
members of “vulnerable” groups, may turn out not to be very vulnerable in specific
locations. Third, if such spatial variations exist, we test whether they are different for
vulnerable groups than for the general population. The analysis makes use of ordered
probit models (Zavoina and McElvey 1975; Train 2003) that contain our substantive
knowledge about the process, and the introduction of spatially expanded coefficients to
capture contextual effects (Casetti 1972; Fotheringham and Brunsdon 1999). This paper
further illustrates the potential of spatial analytical approaches which have steadily gained
recognition as valuable tools in the analysis of transportation systems (e.g. Miller 1999;
Bhat and Zhao 2002; Paez and Scott 2004; Paez 2007).

The paper is organized as follows. The following section discusses some background
considerations. This is followed with a description of the data that are used for the analysis.
The ordered probit model is then described and model results are provided before the
addition of spatially expanded coefficients. Then, the method of spatial expansion is
described, spatially expanded coefficients are added and the results of the spatial model are
discussed, as they pertain to the three hypotheses. Finally conclusions about the value of
this modeling technique and the policy implications of the results are provided.

Background

Mobility-related social exclusion has been conceptualized in the literature as the inverse of
access (Lyons 2003) or the consequence of reduced accessibility (Kenyon et al. 2003).
Consider the following definition:

Social exclusion is “[the] process by which people are prevented from participating
in the economic, political and social life of the community because of reduced
accessibility to opportunities, services and social networks, due in whole or in part to
insufficient mobility in a society and environment built around the assumption of
high mobility.” (Kenyon et al. 2003)

This definition stresses that the primary role of mobility is to provide access. In this
regard, it is possible to differentiate the lack of mobility as a factor (of social exclusion)
while lack of access is the consequence. Thus, the denial of access could be the result of
inadequate mobility. Two important questions arise. The first question looks at the root of
the problem of mobility limitations: what are the factors that affect mobility (absence or
lack of it)? Giuliano (2005), for example, has shown that transit use is decreasing among
the poorest income groups in the US, and has noted attitudinal data to showing dissatis-
faction with public transit as one of the major factors. Deka (2002) has identified that auto
ownership is lowest among poor household and suggests mobility may be influenced by
focusing on transit provision for these households. Litman (2007) identifies a broad range
of factors for transportation planners to consider for equitable provision of mobility. The
second question asks what are the accessibility implications of mobility outcomes given a
surrounding opportunity landscape? McCray and Brais (2007), for example, demonstrates
the use of GIS tools for examining spatial and temporal constraints that are faced by
vulnerable groups, using low-income women in Quebec as a case study. Kenyon et al.
(2003) examine the role of virtual accessibility, and suggest that it should be recognized as
a social policy tool that complements the provision of physical mobility.
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In this paper, the focus is on the first question, and the measure of mobility investigated
is the generation of trips as a measure of out-of-home activity engagement. Trip generation
is a precondition for accessibility: individuals who do not travel do not, for obvious
reasons, have access to any activities that must be conducted away from the place of
residence and that cannot be completed remotely (i.e. activities that lack extensibility as
discussed by Miller 2006; also see Kenyon et al. 2003). The number of daily trips is a
simple but informative and robust measure of social exclusion: people who travel generally
do so to reach work, school, shopping, social, entertainment, recreation, or personal
business activity locations. Even leisure driving could be seen as a different setting for
recreational or social activities. Participation in each of these activities is an indicator of
inclusion in social and economic networks. Not making trips, on the other hand, indicates
that significant time is spent within the confines of one’s home. It is important to note that
for some people it may be possible to effectively participate in society and the economy
with few trips, e.g., through the use of information and communication technology (ICT),
or by receiving visitors or home deliveries. So far, however, the literature on ICT and
travel behavior is inconclusive with regards to the degree that telecommunication substi-
tutes travel (e.g. Mokhtarian 2009), and relatively little is known about the characteristics
of travel for visiting and other forms of social contact (e.g. Habib et al. 2008; Farber and
Paez 2009). For these reasons, trip generation is a useful general indicator of mobility and
potential for participation.

As outlined above, the research aims to identify whether significant differences exist in
mobility patterns between groups of interest and the mainstream of society. The results are
not expected to be completely unambiguous. Low levels of mobility may indicate that
individuals either: (1) prefer to stay home, in which case extra mobility may be a super-
fluous and even counterproductive objective; or (2) face mobility barriers that require
intervention to facilitate full activity participation.

Selection of variables for the analysis is informed by previous travel behavior empirical
research. For example, earlier studies have shown a negative relationship between age and
mobility in general (Mercado and Paez 2009; McDougall 1998; Poon et al. 2005; Ro-
senbloom 1990; Benekohal et al. 1994; Chu 1994; Stradling et al. 2005), and with numbers
of trips in particular (Schmocker et al. 2005; Paez et al. 2007; Roorda et al. 2008).
Employment status and household structure have been shown in the past to significantly
impact travel making patterns. For example, Vance and lovanna (2007) highlight the
impact of employment on travel behavior, finding that employment is associated with a
lower probability of car use. Scott and Kanaroglou (2002) have found significant inter-
actions between household heads in the process of activity generation. Availability of
mobility tools (e.g. driver’s license, vehicles, nearby transit, transit pass ownership) is also
known to have positive effects on mobility (Stradling et al. 2005; Paez et al. 2007). The
findings describing the relationship between income and trip frequency, on the other hand,
have been mixed (Chu 1994; Schmocker et al. 2005; Smith and Sylvestre 2001). While an
examination of median income of traffic analysis zones in Hamilton showed no significant
effect on trip frequency (Paez et al. 2007), income at the household level has been found to
have a significant positive effect on distance traveled (e.g. Vance and Iovanna 2007
Georggi and Pendyala 2001; Limtanakool et al. 2006). Conceptually, the variables can be
arranged according to the different dimensions of social exclusion identified by Kenyon
(2003), including the personal (e.g. age, marital status, etc.), economic (e.g. income, auto
ownership, employment status), and living space (e.g. physical and social environment)
dimensions. For the purpose of this study, and keeping in mind that we wish to adopt a
general definition of mobility aligned with the social exclusion view, trip generation is the
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term used to indicate the number of trips made by an individual person, for all purposes,
over a 24 h period, by all modes.

Data

Data for this study come from two large-sample cross-sectional origin-destination (OD)
travel survey programs in the Greater Toronto and Hamilton Area (GTHA) and the Greater
Montreal Area (GMA). The survey instruments, survey procedure and sampling are largely
consistent between these two surveys, with only a few differences. This consistency allows
for useful inter-urban comparisons to be made, and allows us to test the transferability of
conclusions.

In particular, in both regions, the survey is a retrospective 24 h autumn weekday trip
diary, collected via computer aided telephone interview for approximately 5.8% of all
households in the GTHA and 4.7% in the GMA. Detailed information about the household,
all household members and the trips made by all household members 11 years of age or
older are collected (data are collected for children 5 years of age or older in Montreal, but
these records are not included in the analysis in this paper). In the surveys, and in all of the
analysis in this paper, trips are defined as one-way trips from origin to destination. X-Y
coordinates of household location and trip ends are available, allowing for fully disag-
gregate spatial analysis. Both surveys collect information every 5 years. The most recent
available data for the Cities of Toronto and Hamilton is for 2001, whereas Montreal data
are available for the year 2003. Table 1 summarizes the number of survey responses, the
sampling rate, mean trip generation rates (for all purposes) and characteristics of the
population for each of the three cities.

Three data limitations are relevant for this analysis. First, the Toronto Area survey did
not collect short non-motorized trips to locations other than work and school. Second,
because of proxy reporting in both surveys (one household member answers on behalf of
all household members), there is some under-reporting of the trips made by persons not
interviewed directly. Finally, only the 2003 Montreal survey collects income information
(total household income for 2002 in Canadian dollars). This variable could not be con-
sidered in the analysis for Toronto and Hamilton, therefore the mean income of the census
tract is used as a proxy. In order to more accurately reflect household income, census tract
statistics are stratified according to household type, and the mean income assigned to each
specific household depends on its structure.

Methods and analysis
Ordered probit model for trip generation

The first analysis tests the hypothesis that the trip generation of vulnerable groups (elderly,
low income and single parents) is more sensitive to variables such as employment and
mobility tools than the general population.

Trip generation analysis has traditionally followed one of three methods: cross classi-
fication models, trip rate models (Institute of Transportation Engineers 2004), and multi-
variate regression models, usually at the zonal or household level of aggregation (Badoe
and Chen 2004). Linear regression models, perhaps the state of practice in transportation
modeling, have been developed in Canada at the person level with large datasets in
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Table 1 Summary statistics

Hamilton, 2001

Toronto, 2001

Montreal, 2003

Household sampling rate (%) 54 6.0 4.7
Sample person records 22,855 126,645 150,608
Mean trip generation rate 2.54 2.31 2.27
Proportion of sample
Age
<20 (%) 14 12 14
20-35 (%) 23 28 26
36-50 (%) 28 28 30
51-64 (%) 17 16 19
65+ (%) 18 16 12
Household income ($Canadian)
Refuse/don’t know (%) - - 23
<20K (%) - - 10
20-40K (%) - - 20
40-60K (%) - - 18
60-80K (%) - - 12
80-100K (%) - - 7
>100K (%) - - 9
Household structure
Single (%) 10 11 12
Couple (%) 26 22 39
Couple W/children (%) 26 23 15
Single parent (%) 3 3 3
Other (%) 36 42 31
Mobility tools
Driver license (%) 76 71 74
Vehicle own® (%) 91 84 88
*Age 65+ (%) 15 12 9
*Low income (<$20K) (%) - - 6
*Single parent (%) 2 2 2
Transit within 500 m” (%) 2 5 3
*Age 65+ (%) 0 1 0
*Low income (<$20K) (%) - - 1
*Single parent (%) 0 0 0
Occupation
Full time employment (%) 44 48 49
*Age 65+ (%) 1 1 0
*Low income (<$20K) (%) - - 2
*Single parent (%) 1 1 1
Part time employment (%) 11 10 5
*Age 65+ (%) 0 1 0
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Table 1 continued

Hamilton, 2001 Toronto, 2001 Montreal, 2003

Proportion of sample

*Low income (<$20K) (%)

*Single parent (%) 0 0 0
Student (%) 19 19 18
Free parking at work (%) 45 37 7
Density Mean Mean Mean
Population density (1000/km?) 1.645 4.276 2.819

%, * Indicates a combined variable. For example, in Hamilton, vehicle own indicates that 91% of the sample

lives in a household that owns a vehicle. Vehicle own * Age 65+ indicates that 15% of the sample are older
than 65 years and live in a household that owns a vehicle

® Transit within 500 m = 1 if a subway or commuter rail stop is within 500 m of the individual’s household

multiple cities over multiple years, to investigate why changes in trip rates have been
observed (e.g. Roorda et al. 2008). Although this approach has been shown to predict trips
better in some empirical applications compared to alternative models (Badoe 2007), it also
presents several conceptual and practical limitations. These include the lack of upper and
lower limits to the predicted number of trips, which can lead to unrealistically high or
negative trip generation predictions, and limited theoretical support from a behavioral
perspective, lacking the random utility foundation of other approaches. In order of
increasing sophistication (Badoe 2007), alternative modeling approaches include the
truncated normal, Poisson, and negative binomial models. These are all probabilistic
approaches that lack a clear link to behavioral theory. Given that one of the purposes of this
research is to better understand travel behavior, such a link is considered to be important.
Disaggregate frequency-based discrete choice models (e.g. Boarnet and Sarmiento 1998;
Schmocker et al. 2005) address some of the shortcomings of linear regression and provide
a connection to utility theory (Train 2003, pp. 163—167). Ordered probit/logit models are
appropriate when the outcome variable is ordinal, as it is for number of trips. As discussed
by Train (2003), individuals facing ordinal decision processes (i.e. should I make one more
trip?), can be thought to associate utility U with alternative numbers of trips. Trip decisions
are made by an individual as follows:

If U < 44, then number of trips T = 0
IfAi<U</JdythenT =1

If/lz < U<)L3, then 7= 2

IfU< A3, thenT >3

The utility of individual i is decomposed into the usual systematic and random
components:

U =Xf+e¢ (1)

X; is a vector of individual attributes, f is a set of coefficients to be estimated. The error
term ¢; captures unobserved/ unobservable factors, measurement/ observational errors, and
other idiosyncratic variations. An ordered probit model assumes that ¢; follows a standard
normal distribution (see Ortizar and Willumsen 2001). Utility U; is used to derive
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expressions for the probability that an individual makes 0, 1, 2, or 3 or more trips, as
follows (more classes can be added in a straightforward fashion):

Pr(0 - trips) = Pr(U; < 21)

=Pr(X;f + & <A) =Pr(s;<iy — Xiff) )

Pr(l . trip) = PI‘(/ll <U; <)~2)
=Pr(l <Xif + & <la) =Pr(l — Xif <& <l — Xiff) 3)
= PI(S,' <)~2 — X,ﬁ) — PI'(&’,' </11 — X,ﬁ)

Table 2 shows the results of estimating ordered probit models of trip generation for
Hamilton, Toronto and Montreal. As previously noted, income is not available for indi-
vidual respondents in the datasets for Hamilton and Toronto, therefore mean census tract
(CT) household income, stratified by household type, is used instead. Variables with low
statistical significance coefficients (p > 0.05) have been removed from the models to
ensure that model efficiency is not sacrificed (Greene 2002).

The goodness of fit of the models is evaluated with an overall goodness of fit statistic
which is computed as follows (see Ben-Akiva and Lerman 1985):

=140 @)

L(c)
where L(f) is the maximum log-likelihood value, and L(c) is the value of the log likelihood
when it includes only constants, that is, the log likelihood of the least informative model.
To introduce a measure of parsimony, the statistic can be adjusted for model size by
introducing the number of explanatory variables K beyond the constants as follows:
2 (f) - K
P (5)

As shown in Table 2, goodness of fit is fairly consistent across cities, with the best fit
found in Toronto. The values obtained are in line with or better than others reported in the
literature (e.g. Boarnet and Sarmiento 1998, Table 2; Badoe 2007, Table 6). The deviance
can be used to compute the likelihood ratio statistic for nested models.

Overall, there are similar trip generation characteristics between Hamilton, Toronto and
Montreal, with a few differences. Trip generation tends to decrease with age. In all cases, people
65 years and older have the lowest propensity to make trips, and ages <20 have the highest
propensity to make trips. However the decrease is not entirely monotonic, since the age group
20-35 has negative coefficients in all three cities. Household structure shows more mixed results
between urban centers. Couples make fewer trips per person than singles and in Toronto and
Hamilton this difference is more pronounced than in Montreal. Couples with no children tend to
make fewer trips per person than singles (possibly because couples can share household tasks,
and have more opportunity for social activity in the home). Couples with children have greater
trip making probabilities than couples with no children. In Montreal, singles with children have a
higher trip making propensity than singles without children, but this difference is not observed in
Toronto and Hamilton. Vehicle ownership and the availability of a driver license both have a
clear positive effect on the trip making rate in all three cities. Furthermore, vehicle ownership has
amuch greater positive effect on the trip rate of the elderly, in fact almost cancelling the negative
effectof old age. While this indicates that the difference in mobility is negligible between seniors
with access to a vehicle and members of the reference group with access to a vehicle, the
implication is that driving cessation is yet again an important consideration (see Paez et al.
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Table 2 Ordered probit models

Hamilton, 2001

Toronto, 2001

Montreal, 2003

L) —20992.303 —105709.815 —114030.088
L(c) —22931.483 —119332.053 —125299.787
0> 0.0846 0.1142 0.0899
s 0.0837 0.1140 0.0897
Deviance (-2 * logL) 41984.605 211419.629 228060.176
n 22837 126319 150608
Variable Estimate p value Estimate p value Estimate p value
Constant —0.1866 0.0021 0.0542 0.0030 0.4369 0.0000
Thresholds (for identification: threshold 1 = 0)
A 2.0615 0.0000 2.2270 0.0000 2.4106 0.0000
A3 2.8839 0.0000 3.0458 0.0000 3.2840 0.0000
N 3.4694 0.0000 3.6066 0.0000 3.8679 0.0000
Age
<20 0.1775 0.0000 0.3548 0.0000 0.0708 0.0000
20-35 —0.1176 0.0000 —0.1122 0.0000 —0.0351 0.0001
36-50 Reference Reference Reference
51-64 —0.0449 0.0404 —0.0733 0.0000 —0.0806 0.0000
65+ —0.3734 0.0000 —0.5230 0.0000 —0.4906 0.0000
Income
Income (CT average) 0.0856 0.0001 0.0220 0.0000 -
Income”2 (CT average) —0.0048 0.0004 —0.0003 0.0000 -
Refuse/don’t know - - —0.4066 0.0000
<20K - - —0.2007 0.0000
20-40K - - —0.1980 0.0000
40-60K - - —0.1407 0.0000
60-80K - - —0.0886 0.0000
80-100K - - —0.0567 0.0001
>100K - - Reference
Household structure
Single Reference Reference Reference
Couple —0.2961 0.0000 —0.2410 0.0000 —0.0890 0.0000
Couple W/children —0.1080 0.0106 —0.1391 0.0000 -
Single parent - - 0.1544 0.0000
Other —0.4179 0.0000 —0.4009 0.0000 —0.2126 0.0000
Mobility tools
Driver license 0.4728 0.0000 0.5214 0.0000 0.3842 0.0000
Vehicle own 0.3286 0.0000 0.2075 0.0000 0.0999 0.0000
*Age 65+ 0.3102 0.0000 0.3840 0.0000 03111 0.0000
*Low income - - —0.1032 0.0000
*Single parent 0.2684 0.0004 0.1314 0.0001 -
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Table 2 continued

Hamilton, 2001 Toronto, 2001 Montreal, 2003
Variable Estimate p value Estimate p value Estimate p value
Transit Within 500 m —0.0660 0.0001  0.0431 0.0276
*Age 65+ —0.4306 0.0006  0.1438 0.0014  0.1554 0.0022
*Low income - - 0.0874 0.0352
Occupation
Full time employment 0.6586 0.0000 0.7792 0.0000  0.6468 0.0000
*Single parent 0.2007 0.0316  0.1371 0.0006 0.1317 0.0008
Part time employment 0.5213 0.0000  0.5025 0.0000 0.6139 0.0000
*Age 65+ - 0.2410 0.0000 0.1638 0.0103
*Single parent —0.3042 0.0161 - -
Student 0.4465 0.0000 0.4957 0.0000 0.6561 0.0000
Free parking at work — — 0.0485 0.0000 0.3358 0.0000
Urban form
Population density - —0.0144 0.0000 0.0143 0.0000

2007). In essence, losing access to a vehicle amounts to becoming old from a mobility per-
spective. Likewise, for single parent households, there is an additional positive effect to be had
from vehicle ownership in Hamilton and Toronto, but not in Montreal. This effect is smaller but
significant, and is suggestive of potential limitations faced by non-vehicle owning single parent
households. Compared with vehicle ownership, the effect of proximity to transit (distance
<500 m)has a small effect on trip generation, and is in fact negative in Toronto. Itis important to
note here that in the travel survey for Hamilton and Toronto, walk and bicycle trips to non-work/
non-school activities are not collected, which may account for some of this difference (since
high transit areas are generally more “walkable” as well). Also, the results suggest the
importance of transit for elderly mobility; their trip rates increase with access to transit more than
the rest of the population in both Toronto and Montreal. This is not true for single parents to a
significant degree. The last common variable, population density, displays rather mixed results,
since the impact is significant and negative in Toronto, significant and positive in Montreal, and
not significant in Hamilton.

With regards to income, this is a variable that can only be evaluated in detail for
Montreal because the travel survey in Toronto and Hamilton does not ask a question about
income. To proxy for individual income in Hamilton and Toronto, the average census tract
income has been included instead. Income turns out to be significant and therefore relevant
whether it is measured at the level of individual households, or approximated by CT
average values. In these three cities, income positively affects the propensity to make trips.
In both Hamilton and Toronto the squared income term has a negative coefficient, indi-
cating that the relationship is non-linear, a trend that can also be found by examining
income ranges in Montreal.

Overall, the analysis reported in this section reveals some important differences in the
trip generation behavior of the target population segments and the general population, thus
lending convincing support to the first hypothesis set for the paper. The patterns uncovered
are indicative (whether due to preference or otherwise) of reduced trip making by seniors
and low income individuals, but not by individuals in single parent households. The results
also provide evidence of the importance of access to mobility tools and employment status.
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Geographical analysis

The second and third hypotheses examined in this paper are related to the variations of
mobility over space and whether these variations are different for vulnerable groups than for
the general population. These hypotheses are tested by undertaking a geographic analysis. A
few methods have been used before to describe spatial variation, including multi-level
approaches (Bhat and Zhao 2002; Paez et al. 2007) and geographically weighted regression
(GWR) models (Fotheringham et al. 2002; Paez 2005). Multi-level approaches account for
spatial heterogeneity by means of zone-specific random terms that are attached to individual-
level coefficients. While this provides a powerful way to deal with variations in responses
across the population, any variations that are detected remain unexplained (i.e. they are part
of arandom term). A second alternative, GWR is specifically excluded for our analysis for a
number of reasons. First, geographical weights have been implemented for logistic, binary
probit, and Poisson regression, but not for ordered probit. Second, estimation of GWR
models is computationally expensive. Estimating linear models with more than a hundred
thousand observations is not an easy task (Paez et al. 2008). Estimation times for non-linear
models have not been reported but are likely to be substantially longer. Third, GWR tends to
produce unwieldy sets of results, for which interpretation of the coefficients becomes
complicated in models with a large number of independent variables. Finally, recent
research offers cautionary evidence regarding the suitability of GWR coefficients for sta-
tistical inference (see Wheeler and Tiefelsdorf 2005; Paez and Wheeler 2009).

For this study, we elected to conduct geographical analysis based on the expansion
method (Casetti 1972). This method models spatial variations by expanding the coeffi-
cients of an initial model (assumed to contain the knowledge of the process), as functions
of expansion variables (in this case, spatial coordinates). The result is a model that
incorporates spatial variations, and is called the terminal model. Unlike the multi-level
approach, this method reflects variations over space as an expansion of deterministic
coefficients. By doing so, any variation detected can be explicitly related to known vari-
ables (for example location). Use of deterministic expansions greatly facilitates the visu-
alization and interpretation of results. The method is also more convenient for producing
forecasts than multi-level models which, just as in the case of mixed logit models, require
simulations to produce forecasts. The method is described next.

Consider the following utility function. The utility is specified using a combination of
fixed coefficients (f) associated with a vector of explanatory variables X; and a set of
expansion coefficients a; associated with a vector of explanatory variables Z;:

U; =Zo; —I—Xiﬁ + & (6)

The subscripts in the utility in Eq. 6 denote decision maker i at location i. Vector «; is of
size m by 1 and includes a constant term. Each of m coefficients in this vector can be
expanded in the following way to produce a trend surface of order 1:

im = Olim,1 + im, 2 Ui + Xim,3Vi (7)
Or a trend surface of order 2:
2 2
Oim = Olim,1 + Qim2U; + Qi 3U; + Olim aUiVi + Ui 5Vi + Lim,6V; (8)

The components of the location-specific coefficient are a region-wide (i.e. spatially
constant) mean o, |, and other coefficients associated with the coordinates u; (easting) and
v; (northing) in a polynomial expansion. In this way, the model incorporates the typical
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fixed coefficients (constant throughout the population) and coefficients that incorporate
spatial variability (that is, they are specific to each location). Since the trend surface is
linked to a variable in vector Z;, it can be seen that the expansion essentially is the
interaction between a variable and a location, and can therefore be used to represent a
geographically explicit response surface for that variable (see Morency et al. 2010). In this
application three variables are spatially expanded, namely the indicator variables for
people aged 65+, single parents, and (in Montreal) low income families (<$20K). The
expansion is based on the use of the coordinates, using a quadratic trend, and distance to
the Central Business District of the corresponding urban area. All other model coefficients
are fixed. Table 3 shows the model results for Hamilton, Toronto and Montreal.

Key observations about the spatial expansion are as follows: the overall goodness of fit
of the model assessed by means of the p* and adjusted p? statistics shows that the model
with spatial expansion improves slightly over the restricted model in all three models. A
likelihood ratio test can be computed using the deviance. For example, in the case of
Hamilton, the information gains of the spatial versus the non-spatial models are determined
in the following way: 41984.605 — 41920.202 = 64.403. This is the value of the likeli-
hood ratio test, and can be compared against the * distribution with 27 — 19 = 8 degrees
of freedom (the difference in the number of explanatory variables in the restricted and
unrestricted models). The likelihood ratio test is significant at the p < 0.0000 level for all
three cases. Significance testing of the spatial effect is performed in the usual way by
means of the p values, and as seen in Table 3, the spatial expansions have significant
components for every variable expanded. Preliminary examination of the parameters of the
surfaces reveals that space plays a role, and that this role is specific to the city and
population segment under examination.

In terms of the results, we first note the impact of introducing spatially expanded
coefficients on the coefficients in the non-expanded model. A majority of the fixed coef-
ficients remain more or less the same between Tables 2 and 3 and the ordered probit
thresholds 4;, 4,, and A3 do not change appreciably. The coefficients of the spatially
expanded variables change, but the changes are due to the introduction of the spatial trend.
To understand the operation of these coefficients, it is convenient to consider an example.
This is shown in Table 4, using the case of the coefficient for age 65+ in Montreal.
Whereas the fixed coefficient for this variable in Table 2 is —0.4906, in the spatial
expansion the coefficient is a function of the coordinates, and can be evaluated at various
locations to give a spatially varying coefficient. As seen in Table 4, the expanded coef-
ficient is composed of the various individual coefficients for age 65+, and the quadratic
expansion is interacted with the age 65+ variable. The spatially expanded coefficient is the
sum of these coefficients, evaluated at specific locations, in the example the CBD (distance
from CBD is zero, and the normalized coordinates are u = 0.64 and v = 0.43) and the
most distant point from the CBD (with normalized coordinates # = 1.00 and v = 0.98, and
normalized distance from the CBD 0.6573). The value of the coefficient at these locations
is —0.2991 and —0.5171, respectively. The spatially expanded coefficient can be evaluated
at any location, but the example shows that although the direct effect of age +65 changes
signs between Tables 2 and 3, the net effect is still negative, if increasingly so from the
CBD. Clearly, the fixed coefficient in Table 3 underestimates the effect of age at suburban
locations, and overestimates it at central locations. Similar changes can be observed for
other spatially expanded coefficients: the only income coefficient that changes is that for
low income (<$20K), and the only household structure variable that changes is the indi-
cator for single parent households (and this coefficient still only becomes significant in
Montreal).
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Table 3 Ordered probit models with spatially expanded coefficients

Hamilton, 2001

Toronto, 2001

Montreal, 2003

L) —20960.101 —105614.4 —113969.179
L(c) —22931.483 —119332.053 —125299.787
0> 0.0860 0.1150 0.0904
0’ 0.0848 0.1147 0.0901
Deviance (-2 * logL) 41920.202 211228.801 227938.358
n 22837 126319 150608
Variable Estimate p value Estimate p value Estimate p value
Constant —0.1234 0.0540 —0.5142 0.0000 0.3571 0.0000
Thresholds (for identification: threshold 1 = 0)
A 2.0647 0.0000 2.2290 0.0000 24118 0.0000
A3 2.8880 0.0000 3.0485 0.0000 3.2857 0.0000
N 3.4743 0.0000 3.6095 0.0000 3.8700 0.0000
Age
<20 0.1835 0.0000 0.3524 0.0000 0.0745 0.0000
20-35 —0.1195 0.0000 —0.1088 0.0000 —0.0348 0.0001
36-50 Reference Reference Reference
51-64 —0.0439 0.0438 —0.0742 0.0000 —0.0813 0.0000
65+ —3.7310 0.0000 —1.3743 0.0000 0.6459 0.0061
Income
Income (CT average) 0.1065 0.0000 0.0242 0.0000 -
Income”2 (CT average) —0.0060 0.0000 —0.0003 0.0000 -
Refuse/don’t know - - —0.4007 0.0000
<20K - - -
20-40K - - —0.1875 0.0000
40-60K - - —0.1328 0.0000
60-80K - - —0.0827 0.0000
80-100K - - —0.0526 0.0004
>100K - - Reference
Household structure
Single Reference Reference Reference
Couple —0.3286 0.0000 —0.2548 0.0000 —0.0884 0.0000
Couple W/children —0.1382 0.0026 —0.1567 0.0000 -
Single parent - - -
Other —0.4457 0.0000 —0.4161 0.0000 —0.2142 0.0000
Mobility tools
Driver license 0.4737 0.0000 0.5206 0.0000 0.3858 0.0000
Vehicle own 0.3259 0.0000 0.1964 0.0000 0.0970 0.0000
*Age 65+ 0.3130 0.0000 0.3667 0.0000 0.3352 0.0000
*Low income - - —0.0993 0.0000
*Single parent 0.3855 0.0000 0.1271 0.0001 -
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Table 3 continued

Hamilton, 2001 Toronto, 2001 Montreal, 2003

Variable Estimate p value Estimate p value Estimate p value
Transit within 500 m - —0.0686 0.0000  0.0588 0.0023
*Age 65+ —0.3989 0.0017 - 0.1217 0.0134
*Low income - - -
Occupation
Full time employment 0.6582 0.0000 0.7848 0.0000  0.6458 0.0000
*Single parent 0.2374 0.0149  0.1297 0.0011  0.1363 0.0005
Part time employment 0.5193 0.0000  0.5060 0.0000 0.6135 0.0000
*Age 65+ - 0.2551 0.0000 0.1579 0.0128
*Single parent —0.2625 0.0335 - -
Student 0.4420 0.0000 0.4984 0.0000 0.6524 0.0000
Free parking at work — — 0.0441 0.0000 0.3340 0.0000
Urban form
Population density —0.0306 0.0223  0.0071 0.0206  0.0092 0.0000
Spatial expansion
Distance to CBD —0.4819 0.0005 1.0012 0.0000 -
*Age 65+ 1.8007 0.0023 1.7181 0.0000 —1.0698 0.0000
*Low Income - - —0.1764 0.0163
*Single Parent —1.2951 0.0199 - 0.3679 0.0032
u? - -1.1610 0.0000 -
*Age 65+ —5.0424 0.0014 —-2.1077 0.0000 1.5460 0.0007
*Low Income - - 0.7688 0.0000
u - 1.2197 0.0000 -
*Age 65+ 5.7806 0.0023  2.4772 0.0000 —1.9826 0.0004
*Low Income - - —0.7510 0.0000
*Single Parent - - 0.1431 0.0026
v - 0.2468 0.0134  0.5687 0.0000
*Age 65+ 8.4979 0.0000 - —1.8132 0.0002
v - —1.0596 0.0000 —0.7377 0.0000
*Age 65+ —11.1925 0.0000 —1.6144 0.0000 1.9585 0.0001

An important consequence of estimating spatially expanded coefficients is that the trip
making probability is not constant across space (like in the model with fixed coefficients), but
rather varies as the spatially expanded coefficients are evaluated at various locations. This
effect is clearly displayed in Fig. 1, where the estimated trip rate surfaces for the reference
group and for the three vulnerable population groups for each of the three urban centers can be
seen. The reference group consists of single people aged 36-50, with income >$100,000, not
employed and not students, with no driver’s license, no vehicle and no access to a transit
station within 500 m. The surface for the reference group results from changing urban form
and spatial expansion variables that vary over space. Surfaces are similarly computed for each
vulnerable population group for which spatial expansion coefficients are modified.

Besides changes to coefficients directly affected by the introduction of the spatial
expansion, the only other coefficients that change in a noticeable way are those related to
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Table 4 Example of evaluation of a spatially expanded coefficient (age 65+ in Montreal) at two different
locations

Variable Coefficient At CBD (u = 0.64, v=0.43) At max dist (u = 1.00, v = 0.98)
Age 65+ 0.6459  1.0000 0.6459 1.0000 0.6459
Distance to CBD - - - - -
*Age 65+ —1.0698  0.0000 0.0000 0.6573 —0.7032
u? - - - - -
*Age 65+ 1.5460  0.4096 0.6332 1.0000 1.5460
u — _ _ _ -
*Age 65+ —1.9826  0.6400 —1.2688 1.0000 —1.9826
v 0.5687  0.4300 0.2445 0.9800 0.5573
*Age 65+ —1.8132  0.4300 —0.7797 0.9800 —1.7769
v —0.7377  0.1849 —0.1364 0.9800 —0.7229
*Age 65+ 1.9585  0.1849 0.3621 0.9800 1.9193
Spatially expanded coefficient —0.2991 —0.5171

population density. Unlike the models reported in Table 2, population density is significant
and positive both in Toronto and Montreal, and significant and negative in Hamilton. This
result is sensible, given that Toronto and Montreal have vibrant central cities, whereas
Hamilton’s historical CBD is considerably more depressed.

With respect to the city-specific findings, we observe that in Hamilton the spatial vari-
ables for the reference group all have non-significant coefficients, except for the distance to
CBD variable. The effect is relatively muted, leading to only small trip rate variations across
space as seen in Fig. 1a, which implies that little spatial heterogeneity for the reference
population can be found beyond that explained by the socioeconomic variables in the
model. Still, it is important to note that the model in Table 2 does not accommodate even
what little variation is detected in the trip generation rate, but rather assumes that the rate is
“flat”, or in other words, constant regardless of location. Given the magnitude of the effect
for the reference group this may not be hugely misleading. It would be, however, in the case
of seniors in the city of Hamilton, since it can be seen that the spatial expansion for this
cohort has various significant components, which translate into a trip rate surface with a
dramatically different aspect, as seen in Fig. 1b. For the elderly, mobility is higher in the
city and drops off dramatically in the suburban areas. Also apparent is a “ridge” of elevated
mobility for seniors along the u-axis, which coincides with higher quality transportation
infrastructure and services along the major East-West corridor through the City of Ham-
ilton. For single parent families, distance to the CBD is the only significant spatial com-
ponent, but the effect is greater than for the reference group, also leading to a more dramatic
decrease in trip making with distance from the CBD than the reference population.

In Toronto, examination of the spatial coefficients tells a different story. First, in
contrast to the City of Hamilton, the spatially expanded variables for the reference group
are all statistically significant. These spatial differences in mobility for non-vulnerable
populations may simply be due to congestion effects on trip generation, which are more
serious in Toronto than in Hamilton (this may also have to do with the larger sample size in
Toronto, a much larger city). The trend surface is relatively flat, but does show higher trip
generation rates in the east part of the city, and lower levels downtown and in the
northwest. In Toronto, the spatial coefficients do change for the elderly (except for the
u x v and the v coefficients), but do not change in any significant way for single parents.
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The differences in spatial mobility patterns for the elderly in Toronto show that the pattern
is similar to that of the reference group, but with a more pronounced decrease in mobility
from east to west.

In Montreal, the spatial coefficients are only statistically significant for the reference
group in the north-south direction (v-axis). In the north-south direction, mobility for the
reference group decreases with distance from the centre of Montreal, although the trip rate
surface is relatively flat. As for Toronto, the most important deviations from the reference
group in Montreal are for the elderly population. The mobility of the elderly population is
high in the central core and decreases quickly with distance from the central core of
Montreal. This can be explained by the high number of opportunities accessible in the
central core, namely by foot, while opportunities are more dispersed in suburban areas as
well as lower level of service for transit. Because Montreal collects information about
income, it is possible to also show the mobility surface for the low-income cohort. This
surface is rather complex, but appears to indicate lower levels of accessibility as one leaves
the central area of Montreal to the north or south, and an increase in accessibility as one
leaves to the east or west, ceteris paribus. In Montreal, the spatial parameters for single
family households are very small, so the mobility surface is quite flat and similar to that of
the reference group.

Clearly our second hypothesis, that there are systematic variations in mobility over
space that cannot be captured solely by explanatory variables, is validated. There are
statistically significant spatial expansion variables in all three cities for the reference
population. This analysis has lent partial support to the third hypothesis, showing that there
are spatial variations that are different for some of the vulnerable groups than for the
general population, although the spatial variations are somewhat different from city to city.
In both Hamilton and Montreal, the mobility rates for the elderly tend to reduce signifi-
cantly with distance from the CBD, while Toronto shows the opposite trend. The mobility
rates of single family parents do not appear to differ much from the rates of the reference
population. Spatial expansion of low income households (conducted only for Montreal),
shows somewhat complex results, but ultimately confirms a reduction in trip making as one
moves outside the CBD.

Conclusions

As the transportation dimension of social exclusion research has garnered attention, it has
been argued that the dominant categorical approach in research has tended to overlook
important policy questions of a spatial nature, that relate to the allocation of limited
resources (Church et al. 2000). In order to provide a spatial perspective onto the issue of
mobility and social exclusion, in this paper we have examined the trip generation rates of
three vulnerable populations (the elderly, low income individuals, and people in single
parent households) vis-a-vis the reference population in three major Canadian metropolitan
areas. The combination of an ordered probit approach with spatially expanded coefficients
has proven to be a useful tool for analysis that allows us to better capture the inherent
spatial nature of travel behavior. The approach allows not only for the identification of
spatial variations in behavior, but also, by producing location-specific coefficients, for a
convenient visualization of differences in mobility over space for different population
groups, after other socio-economic characteristics have been taken into account.
Observations from the ordered probit model (without spatial expansion) lend support to
the conclusions of previous trip generation studies found in the literature. Furthermore,
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they are generally consistent with the notion that some groups in society display more
limited levels of mobility, although whether this is a matter of preference or otherwise, the
models cannot tell. For instance, trip generation is lower for lower income individuals in
Montreal, and for individuals in lower income census tracts in Hamilton and Toronto.
There is evidence as well of lower trip making propensity for the elderly, although the
effect of age is cancelled by auto ownership. Interestingly, only minor differences were
found for individuals in single parent households. Other research, in contrast, indicates that
individuals in this population segment tend to have significantly smaller activity spaces, as
measured by mean distance traveled (Morency et al. 2010). Other factors that positively
correlate with trip generation include, ownership of a driver license, employment, being a
student, having free parking at work, and living in a single-person household. One measure
of the physical environment, namely population density, showed mixed results for the
different cities, as did proximity to transit.

In support of the first hypothesis, the analysis found the following key differences
between the impact of employment and mobility tools on vulnerable populations and the
impact on the general population:

e The trip generation of the elderly (65+) is more influenced by vehicle ownership than
the rest of the population. The effects of transit proximity and employment are also
generally greater for the elderly population, but these effects are less pronounced than
for auto ownership.

e For single parents, vehicle ownership and full time employment have a more important
effect than for the reference population, but not for transit access.

e Trip generation rates of low income individuals are less influenced by vehicle
ownership and more influenced by transit proximity than are the rest of the population.

The second hypothesis is that there are systematic contextual variations in mobility over
space that cannot be captured solely by explanatory variables, but that can be captured
through spatial expansion of coefficients. This has been proven for Hamilton, Toronto and
Montreal, although it should be pointed out that the effects are different for each of the
urban areas.

The third hypothesis is that these systematic variations are different for vulnerable
groups than for the general population. When spatial expansion is introduced separately for
vulnerable groups, none of the above conclusions change, however, several additional
conclusions are made thus lending support to the third hypothesis. Because they deal with
space, these conclusions are different for each urban center.

e For Hamilton, mobility for both the elderly and for single parent families decreases in
the suburban areas, away from key transit corridors.

e For Toronto, differences in mobility occur, especially for the elderly, from east to west,
with the lowest levels of mobility occurring in the northwest of the city, a low income
area. Single parent families do not exhibit any geographic differences from the rest of
the population.

e For Montreal, the most important differences in mobility for the reference population
occur along the north—south axis of the city, the mobility of the elderly decreases with
distance from the central core, no geographic differences are found in the population of
single parent families, and low income families experience greater mobility than the
reference population to the east and west but lower mobility in the north and south of
the downtown.
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Although the focus of this research is on knowledge building, some elements analyzed
in this paper provide insights for policy intervention. Regarding mobility tools, there is
evidence that private vehicles have the largest impact on mobility, and may be essential to
maintain current levels of mobility (and consequently accessibility), especially in suburban
areas. While this fact supports the implementation of programs that promote auto own-
ership and use, and such programs exist in a number of countries (e.g. Fol et al. 2007;
Wachs and Taylor 1998), automobility is associated with well-understood environmental
and economic impacts related to resource consumption. There have also been warnings that
reliance on private mobility may contribute to decline in social capital and may thus entail
other hidden costs that are not yet fully understood (see Farber and Paez 2009). It is
important to keep in mind the potential contradictions between environmental, economic,
and social policy, vis-a-vis the promotion of private mobility. As an alternative, the evi-
dence linking transit access to mobility is mixed, despite the considerable advantages of
public transportation from an environmental and resource consumption perspective.

Other policies to increase mobility may involve the provision of employment or training
opportunities for individuals, resulting in both higher levels of income and employment.
The results of the study provide support for the promotion and formulation of policies and
programs that consider the specific needs and requirements of vulnerable populations.
Consideration of the special circumstances of vulnerable groups is important to ensure that
any policy efforts are effective. Similarly, this study reported on the significant regional
differences that exist in travel behavior of individuals living in each of the three urban
areas that were analyzed. These results point to the need for geographic-based approaches
in policy and planning.

The identified spatial variations in trip generation also provide important clues about
which parts of the analyzed cities that vulnerable populations may experience greater
degrees of social exclusion. They also provide an opportunity to help prioritize transpor-
tation infrastructure projects or other social programs to take into account the needs of
vulnerable populations with the lowest levels of mobility.

Limitations of this research center on some shortcomings of the datasets that have been
used for the analysis. Although the Toronto Area operates one of the largest household
travel surveys in the world, the Toronto Area survey does not ask about household income,
and does not collect information about non-motorized trips to non-work / non-school
activities. Proxy reporting leads to some under-reporting of trips in the survey, a fact that
leads to imperfect comparisons between cities. With regards to complementary research, as
we pointed out initially, trip generation is but one indicator of mobility, and by no means a
sufficient indicator of social exclusion. In particular, a more refined view of mobility and
social exclusion can be attained by extending the analysis to consider distance traveled, a
mobility indicator that provides a valuable measure of the extent of daily activity spaces.
Distance traveled in the cities of Hamilton, Montreal, and Toronto, is analyzed in a paper
by Morency et al. (2010). The question remains too of what are the accessibility impli-
cations of mobility outcomes given a surrounding opportunity landscape. Analysis of
distance traveled also is useful in addressing this question in specific case studies that
examine the accessibility by low income individuals to food services in Montreal (Paez
et al. 2010) and accessibility to employment by single parent households in Toronto (Paez
et al. Unpublished manuscript available from the authors). Along with the present research,
these companion papers provide a more complete picture of transport-related social
exclusion issues in Canadian urban areas.
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