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This paper contributes to the literature on travel survey methods by quantifying the relationship

between land use, data collection protocol and trip under-reporting in regional travel surveys.
While under-reporting more broadly is a recognized problem, the significant increase in under-
reporting in denser, more urban-type environments identified here has never before been
demonstrated or measured. Consequences of this land use-related bias for transportation
planning and modelling are explored.

The work s carried out by comparing the results of two very similar household travel surveys
conducted in 2011 and 2013, in Toronto and Montreal respectively. Using data on over 350,000
persons, a binary logit model for discretionary trip making is estimated and the effects of land
use and data collection protocol on under-reporting are isolated. This is done by controlling for
mobility tool access, household type and other key determinants of travel demand. Counter-
intuitive effects for urban type environments found indicate the under-reporting effect is
equivalent to a reductionin the pre-existing odds of reporting discretionary trip making in more
urban environments of 19 to 29%. When combined with Toronto’s data collection protocol effect,
the range increases to 39 to 55%.

Results should be of use to transportation planning authorities wishing to make better use of the
data collected in large surveys. Recognizing some of the flaws and biases in what is reported,
these authorities can complement existing sources of data or modify their approaches to demand-
based infrastructure provision to better account for the large number of, largely pedestrian,
unreported trips.
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1. Introduction

Travel survey methods are of considerable interestat the moment. Departments of transportation
and transit planning agencies across the world are dealing with increasing cost and difficulty in
collecting high-quality, representative travel data. At the same time, active transportation (AT) is
also gaining visibility in the planning field as a result of concerns over equity (Currie, etal., 2010),
emissions and air pollutants (Zahabi, et al., 2013) and health (Carmichael, et al.,, 2012).
Governments around the world are actively trying to reduce their greenhouse gas emissions,
promote healthful walking and cycling, and fight traffic congestion. One of the ways by which
these goals can be achieved is by getting people out of their cars and onto transit, bicycles, or into
their walking shoes.

Land use and transportation linkages have been investigated at the macro (Newman &
Kenworthy, 1989) as well as neighbourhood scale (Shay & Khattak, 2007) for quite some time,
and there is compelling evidence that living or working in dense, mixed-use and high
connectivity environments canlead to reductions in kilometres travelled, as well as increase the
share of trips made by active modes (Zhang, 2004). Both Ontario and Quebec (the Canadian
provinces within which Toronto and Montreal are located) have ambitious emission-reduction
targets (Ministry of the Environment and Climate Change, 2014; Ministere du Développement
durable, Environnement et Lutte contre les changements climatiques, 2016), but in order to assess
the potential of land use interventions in helping meet these emissions-reductions targets
through changing travel patterns, it is important to have high-quality data on current behaviour
and response to the built environment.

This knowledge is typically derived from the analysis of travel surveys. Both Toronto and
Montreal have among the world’s largest cross-sectional surveys. The Transportation Tomorrow
Survey (TTS) has been conducted every 5 years since 1986 in the Toronto region, and the Enquéte
Origine Destination (EOD) has been conducted every 4 or 5 years in the Montreal region since
1970. In both these surveys, respondents provide demographic information and a complete
single-day travel diary for every member of their household. One key difference with the TTS,
however, is that simple home-based tours made for discretionary purposes on foot are not
recorded (Data Management Group, 2013); this particularity will be described in greater detail in
subsequent sections, it making comparison of TTS and EOD data particularly fruitful.

Having both these surveys, conducted in nearly identical ways, at our disposal allowed us to
investigate the magnitude of under-reporting specific to each city, data collection effort, as well
as more broadly with household telephone surveys. To design more effective land use policies
and better plan investments in infrastructure, a better understanding of the factors that influence
mode and destination choice is required. Most of the existing travel demand models are inelastic
to built environment variables such as density, land use diversity and urban design. As a result,
these models are likely to over-predict future auto trips and vehicle kilometres travelled (VKT)
by distributing trips to destinations further afield. Therefore, effective multi-modal trip
generation models are required to enable evaluation of various land use policies aimed at
affecting travel patterns. This is a major challenge due to lack of data on active transportation
demand. While it is known that under-reporting is a problem in travel surveys overall, and that
under-reporting disproportionately occurs with short, walked and discretionary trips (Jin, et al.,
2014), the effect of land use on under-reporting has not yet been estimated.

To offer a concrete example, Institute of Transportation Engineers (ITE) trip generation rates,
which are widely used, are based on data collected inlow-density areas withlow shares of active
mode use and a lack of walk/bike friendly infrastructure (Millard-Ball, 2015). One consequence
of using these rates when planning for new developments that aren’t in low-density areas is then
the generation of ‘phantom trips’ and over-investment in road and parking infrastructure
capacity for the automobile (Millard-Ball, 2015). This is both environmentally and economically
wasteful.
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There are other tangible policy implications to the lack of reliable AT data. The City of Toronto is
in the process of developing a 10-year cycling plan, for example, in which one of the criteria for
future infrastructure investment is current cycling demand (City of Toronto, 2015). If this
demand is inaccurately assessed due to under-reporting of discretionary trips, infrastructure
provision could be ineffectively allocated. Although AT investments tend to be more cost-
effective than infrastructure projects for cars or transit, it can still be challenging for
municipalities to secure the funding they require. The regional transportation plan for the
Greater Toronto and Hamilton Area lists AT as a priority for instance, however, the regional
planning agency has committed less than 5% of its funding to AT. AT projects in the region have
been hindered by the lack of funding and support from decision-makers, and an overall
prioritizing of other modes (Hess, et al., 2014). Withoutreliable or significant numbers of AT trips
reported, it can be difficult to justify suchinvestments. As a result, municipalities turn to smaller-
scale studies or pilot projects, which require additional funding to be carried out (City of Toronto,
2015) and slow down the overall process of change.

The comparison of Toronto and Montreal offers an interesting case for analysis, as the outright
non-recording of most discretionary walk trips in Toronto allows us to look for gaps in the data
and relate these to the built environment. More specifically, by looking at discretionary trip-
making at the individual level and relating this to land use, the method employed seeks to
identify unexplained decreasesin trip making and investigate whether these may be the under-
reported walk trips referred to above. Discretionary trips are looked at because they are the type
of trip most often made on foot (Driscoll, et al., 2013), as well as the type of trip whose frequency
is most affected by accessibility (Ewing, etal., 1996). As a result, an anomaly related to this type
of trip is an indication we may have isolated our problem.

Given the particularities related to the TTS, it is possible to contrast this extreme case with that of
the EOD, where all walk trips are supposed to be reported and recorded, and look for land use
effects on under-reporting that may be present at lower or more difficult to discernlevels in other
datasets.

The objectives of the paper are thus twofold. First, to assess the direction and magnitude of the
relationship between land use and trip under-reporting using discretionary trip-making as a
dependent variable. Second, to compare effect sizes for land use effects in two cities with
differences in recording methods, but otherwise similar data, to isolate the effects of data
collection protocol from that of land use.

Comparing summary statistics and logit model estimation results, controlling for demographics,
household type, mobility tool ownership and distance from the core, we find evidence of a
statistically significant relationship between land use and trip under-reporting for discretionary
purposes in Toronto, with a smaller magnitude effect in Montreal. This is consistent with our
hypothesis. After model estimates are presented, the paper concludes with a discussion of
potential ramifications on the planning and provision of infrastructure.

2. Literature review

2.1 Trip Under-reporting
Trip under-reporting in travel surveys is well-documented (Wolf, et al., 2013). Previous authors
have quantified under-reporting using passive GPS or other location traces and found significant
differences when compared to the responses provided in household and personal travel surveys
(Shen & Stopher, 2014; Wolf, 2000). GPS traces have been used in assessments of under-reporting,
as the “information derived through the GPS-assisted prompted recall method is considered the
closest reflection of the actual travel activity behaviour, or the ‘ground truth’” (Jin, et al., 2014, p.
3403). While GPS recorded trips are subject to their own issues, whether signal loss, spatial
accuracy or processing algorithm failures (Wolf, 2000), they remain sources of data not affected
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by respondent memory, fatigue, or personal perspective or understanding on what is to be
reported.

More specifically, authors comparing GPS to survey data have found correlations between
under-reporting and short (Jin, etal., 2014) or AT trips (Chen, et al., 2014), especially when these
trips were undertaken for discretionary purposes. This might reflect biases inrespondents’ minds
or an explicit encouragement on the part of interviewers to pay closer attention to those trips
which are made using motorized modes. While there has been consistent under-reporting across
all household types, the prevalence of discretionary trip-making, and, by association, of trip
under-reporting, has been found to be much higher among retired individuals, as well as with
part-time workers and non-working adults (Jin, et al., 2014). We could not find, however, any
work that directly related residential location to under-reporting.

There is also existing evidence of trip under-reporting specific to the City of Toronto. TTS data
indicate that only 8.2% of all trips within the city are made on foot or by bicycle (Data
Management Group, 2013), while in a Harris /Decimasurvey, 31% of Torontonians reported that
walking was their main mode of transportation to work, school, shopping or leisure activities
(2008).

Analysis of recent data collected using passive smartphone applications actually found that over
half of all trips made by Toronto residents in the sample were made on foot (Harding, et al.,
2015); while the population that made up this sample were primarily downtown residents
recruited in coffee shops, the difference remains stark. Finally, in a web survey of Toronto-area
post-secondary students with 15,226 respondents, 17.2% of these respondents indicated having
omitted information on walk or bike trips immediately after completing a single-day travel diary,
in total accounting for 0.41 omitted trips per respondent (StudentMove, 2015).

2.2 Trip generation rates, mode choice and land use

There would appear to be a general consensus in the literature that increased accessibility (as
seenin more central, denser or more mixed environments) either leads to increased overall trip
generationrates (Ewing, etal., 1996) or has negligible effects after controlling for demographics
and vehicle ownership (Williams, 1989). It does not, however, lead to decreases in trip rates.

This is not merely a theoretical claim, but has been measured using travel survey data. Referring
to work by colleagues in the United Kingdom, Germany, Austria and Sweden, Williams stated
that “after controlling for household size and automobile ownership, no systematic relationship
between household location and trip-making frequency was confirmed” (Williams, 1989, p. 374).
Looking to more recent data, summary statistics extracted from the 2010 Swiss microcensus on
mobility and transportation (nearly 60,000 households interviewed) indicate trip rates are slightly
higher in the core of cities (3.5 trips per person, per day) than in outlying areas (3.4 trips per
person, per day) (Office Fédéral de la Statistique, 2012, p. 41). In analysis of the same data, trip
rates, as well as number of unique locations visited, were both found to be equal or greater in

almost every inner urban area, when compared to the same region’s outer urban area (Harding,
et al., 2013).

Closer to our study area, comparing trip rates extracted from GPS-validated time use diaries in
Halifax, Millard and Spinney (2011) concluded that “inner-city residents make most trips, but
have trips of shortest duration, and spend least time in travel. [...] There are significantly fewer
trips in the [outer commuting belt], which [the authors] attribute to lack of need, lack of
opportunities, and adjustmentsin discretionary behaviour” (2011, p. 51). In other words, inner-
city residents respond rationally to increased opportunities, and decreased trip distances and
durations, by making more discretionary trips. What’s more, unlike self-reported OD datasets
suchas the TTS or EOD, the data analysed by Millard and Spinney was comprised of time-use
diaries validated with GPS, and as such did not suffer from under-reporting in the same way.
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At its core, the relationship between land use and trip generation is the following: ceteris paribus,
if accessibility increases, the cost of travel decreases, which in turn means the number of trips
made should increase. Depending on the elasticity of the demand, this effect may be small or
large. Crucial to the analysis carried out in this paper, “if accessibility has any effect on trip rates,
[Ewing et al. state,] it will be most apparent for “discretionary” trips, that is, trips that can be
postponed or not made at all” (1996, p. 3).

Boarnet et al. discussed the effect of land use on mode choice and found that residents living near
a vibrant centre took more than double the amount of walking trips as compared with similar
households along a nearby corridor (Boarnet, et al., 2011). The same regressions that show
residents of walk-amenable centres making more trips on foot did not, however, show these
residents making fewer car trips (Boarnet, et al., 2011). This would indicate both that walk trips
are not always substitutes for car trips, and that increased accessibility, ceteris paribus, leads to
an increase in trip-making. This is logical given that the cost of making a trip decreases with an
increase in absolute accessibility. Withrespect to retail densities specifically, Boarnet et al. found
that “persons living in neighbourhoods with more business establishments per acre take more
daily walking trips, have higher trip capture rates and are more likely to travel to their centre or
corridor by walking and less likely to travel to their centre /corridor by car” (Boarnet, et al., 2011,
p. 141).

Ewing and Cervero, in their 2001 meta-analysis, found that availability of amenities or attractive
destinations within walk/bike distance had been found to be the most important predictor of
reductions in vehicle trips and VKT. “Despite higher rates of midday trip making, [for example,]
downtown environments generated fewer vehicle trips and less VMT per employee than
suburban office parks because of the preponderance of walking trips” (2001, p. 104). Ewing and
Cervero also found that while non-work trip generation was most influenced by socio-
demographic characteristicsand VKT by land use attributes, mode choice was a function of both
(2001). Boarnet et al. also showed that land use attributes were as important as socio-economic
characteristics and affect both trip frequency and VKT (Boarnet, et al., 2004).

While the exact effect sizes and operationalization of built environment measures or unit of
analysis can be debated, one thing agreed upon in the literature is that at some level, there exist
relationships between land use, trip generation and mode choice.

Touching briefly on residential location choice and its relation to mode choice, work by Badoe
and Miller, as well as Currie et al. has shown that certain households purposefully choose to
locate near transit to avoid having to own a vehicle, thereby increasing the share of walk, bike
and transit trips that can be taken to satisfy their needs (Badoe & Miller, 2000; Currie, etal., 2010).
Land use has also been found to affect choice set formation (Zhang, 2004), removing certain
modes from contention in the traveler’s mind if the relative utility is below a threshold of
consideration. This blurs the direction of causality within transportation and land use research,
but should have no effect on the actual reporting of trips.

2.3 Modelling implications

In transport models, trip generationrates are often taken from present behaviour, and classified
by demographic or geographic characteristics. They do not account for behavioural changes due
to, for example, a change in level of service (Martens & Hurvitz, 2009), or, as is relevant to this
paper, changing land use patterns. Subsequent model iterations thus result in increased
investment for infrastructure reported to be highly utilized. Through this investment, the
favoured mode may become even more attractive, creating a self-fulfilling prophecy. As a
perverse result of this, Martens and Hurvitz wrote, there is a real potential for “the consecutive
application of the four-step model over a number of years, and successive investments in
transport infrastructure consistent with the model results, [to] widen existing gaps between high-
mobile and low-mobile groups” (2009, p. 1). The impacts of successive waves of demand-based
modelling are poorly understood and there may very well be a self-fulling prophesy aspect to
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them if a systematic bias exists in what data are properly recorded. At its most obvious, road
infrastructure may be built to meet vehicle demand that may not otherwise have materialized
had investments not been made (Millard-Ball, 2015), while proper pedestrian and bicycle
infrastructure that would allow for the sustainable movement of persons may not be built,
limiting the potential for adoption of AT.

“Despite recent increased interest in planning for walking, current forecasting tools —namely
regional travel demand models — incompletely represent pedestrian behaviours” (Clifton, et al.,
2015, p. 1). Without assigning a specific ‘portion” of influence for preferences or land use, one
thing that has been shown is that trip distances, and walking and cycling convenience and
opportunities are two crucial elements forming peoples’ destination choice in dense areas
(Clifton, 2013). Changes in urban design shift peoples” destination choices most for discretionary
trips (ibid), so having good data on the distances actually travelled in conjunction with good land
use is critical.

In order to address the problem of under-reporting, past authors have relied on application of
trip correction factors (Wolf, 2000; Wolf, et al., 2013), “however, this is a simplified method that
does not reflect the multifaceted dimensions in misreporting (...). Inaddition, this approach does

not really provide a solution to address trip misreporting directly in travel demand models” (Jin,
et al., 2014).

3. Data and methods of analysis

To investigate our hypothesis of a relationship between land use and trip under-reporting, we
make use of two travel surveys: Montreal’s regional origin-destination survey (EOD) (Agence
Meétropolitaine de Transport, 2013) and Toronto’s Transportation Tomorrow Survey (TTS) (Data
Management Group, 2013).

There are many similarities between the two surveys’ data collection protocols, which allows for
ease of comparison between the two datasets and eliminates many sources of bias when
comparing results. Both include a (roughly) 5% sample of households in their study area. The
surveys are conducted over the phone, primarily through calling land lines, although Montreal
did recently begin piloting cell phone-only random digit dialing. Both surveys attempt to
replicate a “typical fall day’ and collect information on respondent demographics, as well as
mobility tool ownership and full-day travel diaries.

In both the EOD and TTS, respondents are asked to provide full travel diaries for the previous
day for all members of the household. The person who begins the interview typically answers for
all household members, which may lead to some proxy bias if this individual is not aware of, or
does not report the travel of other household members accurately - this aspect is controlled for
later on in the analysis stage. There are no monetary incentives for participation and the surveys
are voluntary. In Toronto, only trips for persons over the age of 11 are recorded, whereas in
Montreal the age cut-off is four. To ensure our model estimates are comparable, Montreal
respondents between the ages of 4 and 10 are removed.

Another difference is that the TTS has fewer trip purpose categories than the EOD: work, school,
facilitate passenger, marketing (shopping) and other. ‘Marketing” and “other” trips are generally
considered to be discretionary, although in reality, ‘other’ trips could involve less strictly-
discretionary purposes, such as visits to the doctor. Montreal’s survey includes more categories,
such as health, visiting friends /family, leisure, etc. To ensure modelling results are comparable,
trip purpose categories in Montreal have been aggregated to reproduce TTS categories.

The most important difference between the two survey methodologies, for our purposes, is the
approach to the recording of walk trips. In the TTS, walk trips are only recorded if they are for
work or school purposes, unless they are part of a complex chain in which other modes are used,
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or work or school appear later in the home-based trip chain. This is a crucial difference with
regard to the analysis carried out here, as the hypothesis we put forth is that this non-recording
of walk trips not only affects the overall quality of the data, but also specifically leads to an
under-reporting of travel in denser, more “urban’ environments. This ‘urban” under-reporting
results from walk trips essentially replacing motorized trips for discretionary purposes in these
environments.

While one could argue that this difference in discretionary walk trip reporting would preclude
use of TTS data for the purposes of our analysis, this is not the case. Because discretionary trips
by all other modes are recorded in the TTS, comparison of recorded travel behaviour in dense
environments in EOD and TTS, we posit, serves to quantify the trips not recorded that happen to
be on foot.

For the purposes of this paper, the most recent surveys were selected for each city: 2013 for
Montreal, and 2011 for Toronto (which was actually conducted in both 2011 and 2012).
Respondents living within the Montreal and Toronto census metropolitan areas (CMA) were
chosen for model estimation to ensure there was as little effect as possible related to commuting
and distribution of activities within the region (CMAs being defined by commuting flows). We
also removed households living in Toronto’s planning districts (PD) and Montreal’s municipal
sectors (SM), where land use information was missing for more than 10% of all person-days of
travel.

In 2011, the TTS collected information on 858,848 trips made by 410,404 persons living in 159,157
households. In the 2013 EOD, information was collected on 410,741 trips made by 188,746
persons living in 78,731 households. After filtering for persons living within their respective
CMAs, and then again for persons living in Planning Districts (Toronto) and Municipal Sectors
(Montreal) where fewer than 10% of households made trips for which land use information was
not available, there remain 217,815 (Toronto) and 138,131 (Montreal) persons in our modelling
sample. The percent of respondents over the age of 11 not reporting any trips on the day of the
survey in Toronto ranges from 19% in more suburban areas to 31% in more urban environments.
In Montreal, a much smaller spread is found, with 18% reporting no travel in more suburban
areas and 19% at the core - see Table 1.

3.1 Land use

The data used to characterize land use are derived from two main sources: Statistics Canada
(Statistics Canada, 2011) and transit agency-provided General Transit Feed Specification (GTFS).
These sources provide us with population and employment densities, as well as retail density
and, finally, transit service density. For population, dissemination area population figures
derived from the 2011 census are used. For retail and overall employment NAICS-classified job
counts at the census tract level (larger than dissemination areas) are used. This allows us to
calculate general employment density, as well as retail density.

Retail density is used in our model because shopping trips are classified as discretionary. Other
data sources were considered, but an inspection of both DMTI enhanced points of interest (EPOI)
and land use classified vectors revealed considerable gaps and problematic coding. EPOI data
contained far too many points classified as ‘unknown’. While this may not be a problem if they
are evenly distributed, there were unexplainable geographic concentrations that precluded our
using that data. As for land-use classified vector data, ‘mixed-use” was not part of the coding
scheme and our research team noticed important commercial arteries labeled as residential.
Because of these concerns, we decided to use retail employment density, which other authors

have successfully done when relating the built environment to travel behaviour (Clifton, et al.,
2015).
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For transit, GTFS data are used to derive the sum of scheduled stops per hectare on a weekday
afternoon between peaks - 9AM to 3PM. This time period was chosen as it is the time of the day
during which the highest concentration of discretionary trips occurs.

3.2 Indicator generation

Indicators were developed at traffic analysis zone (TAZ) and census tract (CT) levels to relate
land use to travel behaviour. In the case of Toronto, TTS trip destinations, as well as home
locations, were only available at the TAZ level. Thus, to relate land use to behaviour, we
developed indicators at this scale. In Montreal, EOD contained exact coordinates for both home
and destination locations. Given that the land use data are defined at the census tract level,
however, we chose to use these as analogs to Toronto’s TAZs. This ensures greater compatibility
in results.

To reduce the effect of the modifiable area unit problem (MAUP), which occurs when there is
spatial unit variation in size, shape and orientation (Openshaw, 1984), we employed a three-step
process. First, land use indicators were generated at a grid cell level, after which these grid cells
were intersected with TAZ or CT shapefiles. Finally, weighted averages of cell values were used
to calculate TAZ and CT values.

As opposed to using square cells, as have been employed by co-authors Harding and Miller in
the past, hexagonal cells with 500-meter sides were employed. This approach was used since
hexagons “have the lowest edge-effects of any shape that can completely cover a region”
(Wilkinson Davis, etal., 2015, p. 4). 500 meters in turn was chosen given that we are looking at
discretionary activities with an implied focus on walking trips: the resulting cells are
approximately 15 minutes on foot from centre to edge, a reasonable walking distance for
shopping and other purposes. There is no one correct size in our view, however, and each type of
analysis or regional context may have its own “ideal’. The 90th percentile of walking distance or
some other sample-based value could have been employed, but in the context of a study area so
large and diverse, this may have been a false-‘objective’ solution. What constitutes a
‘neighbourhood” and what distance one is willing to walk is determined by land use at a given
location, the predominant modes used by residents and the barriers that exist (whether natural,
physical or social).

The hexagonal cells were clipped to account for study area boundaries and a weighted average
for cell values was calculated using the net area of each cell and surrounding cells. Calculating an
average simplifies the process of determining an exact cell size, while also reducing potential
edge effects and avoiding any peaks or sudden spikes in cell values. All TAZ and CT-level land
use values, later associated with individuals and households, are calculated based on hexagonal
cell values. Distance from the core is a final spatial variable calculated using the centroid of home
TAZs in Toronto and actual home location in Montreal. Union station in Toronto and Station
Centrale in Montreal were chosen to represent the CBD for each.

Land use values for each TAZ and CT were normalized and run through a k-means cluster
analysis in STATA to find neighbourhood types, or clusters of similar combinations of land use.
Different numbers of clusters were generated (from 2 to 10); 4 and 6 were selected for additional
testing in Toronto, while 5 was chosen for Montreal. In all cases, these were found to be local
maxima when using the Calinski-Harabasz test. This test is a measure of the efficiency of the
clusters (neighbourhood types in this context) at maximizing inter-group variation while
minimizing intra-group variation (Dimitriadou, et al., 2002). The 6-neighbourhood typology
performed better when modelling our dependent variable in Toronto, so all information
presented below will relate to this classification, with 5 being the number in Montreal. High
value clusters refer to higher densities and will be referred to using higher numbers (5 and 6) or
the terms “urban’ and ‘core’ (see Figure 1).
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Frank and Pivo indirectly demonstrated the benefit of using clustered land use indicators in a
linear model (1994). Their work clearly showed that the effect of land use on mode choice is non-
linearly related to density. While one could look for significant levels for each explanatory land
use variable in the dataset, clustering carries an additional benefit over such a variable-by-
variable categorization: interactions and combined effects are better accounted for using clusters
or neighbourhood types. A particularly high population density might be insufficient to cause a
shift away from single occupancy vehicle travel (SOV), for example, but as researchers have
shown, a simultaneous or combined improvement in density, diversity and accessibility could

lead to noticeable reductions in the number of vehicle kilometres travelled (Miranda-Moreno, et
al., 2011).
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Figure 1. Neighbourhood types in Toronto and Montreal.

3.3 Methods

Aswe posited trips are under-reported more frequently in denser, more mixed environments,
these being the locations where walk trips and discretionary trips are most common, we looked
for signs of this first by comparing discretionary trip rates per person across the region by
household and neighbourhood type, then by modelling discretionary trip-making as a binary
dependent variable at the person-level. Controlling for household type, demographics, mobility
tool ownership and distance from the core, logit model coefficient estimates are used to
investigate whether there is a relationship between land use characteristics and trip under-
reporting. More specifically, by identifying counter-intuitive coefficient estimates for land use,
we set out to investigate whether these might be indicative of either response-behaviour
motivated or methodological under-reporting. While in TTS data there is an expectation of
decreased trip rates as a result of the data collection protocol, differences in decreased trip rates in
urban environments between the TTSand EOD can be looked at to disentangle the effect of land
use and behavioural non-reporting from that of data collection protocol exclusion for
discretionary trips.

Our hypothesis was that home location land use variables would be estimated with counter-
intuitive signs. While one would expect denser, more mixed environments to be related with
more discretionary trip making, ceteris paribus, we posited that walk trip under-reporting would
lead to negative signs for variables related to density and accessibility at the home location.

The assumption underlying this approach to quantification of under-reporting, detailed in
Section 2.2 (Trip generation rates, mode choice and land use), is that there is no rational
explanation why increases in density or land use mix should lead to fewer discretionary trips
being made, controlling for household type and vehicle access. More specifically, as the literature
would suggest that a decrease in the cost of travel accompanied by an increase in the wealth of



EJTIR 18(1), 2018, pp.36-59 45
Harding, Nasterska, Dianat and Miller
Effect of land use and survey design on trip underreporting in Montreal and Toronto’s regional surveys

opportunities should lead to an increase in travel, finding lower discretionary trip generation
rates or likelihood of discretionary trip-making for householdsliving in denser environments we
take as a sign of trip under-reporting related to land use.

In Montreal (EOD), the link is that denser, more urban land use leads to increased discretionary
walk trips that are merely more often forgotten or omitted, leading to a decreased discretionary
trip rate, all other variables controlled for. In Toronto (TTS), urbanland use would also lead to an
increase in walk trips, but given that they remain systematically unrecorded, whether or not
remembered, the decrease in the overall trip rate will be more pronounced.

Discretionary trip making was chosen as our dependent variable as one’s choice in where to buy
a litre of milk, for example, is relatively unconstrained (a discretionary shopping trip). Where one
works or goes to university, however, is restricted to places where one’s skills are needed or
where particular opportunities exist. This means discretionary trips are much more likely to be
affected by land use than anchored mandatory trips.

As Krizek described, “higher [neighbourhood accessibility] households travel shorter distances
for maintenance-type errands (personal, appointment, and shopping) (...), [however a large
portion of households’] “maintenance travel s still pursued outside the neighbourhood; a mere
20 percent of their simple maintenance tours are within 3.2 km (2.0 mi) of their home (in contrast
to a mere 1.7 percent for householdsin the lower half of neighbourhood accessibility).” (Krizek,
2003, p. 406). We did not expect our results to show all discretionary trips by urban residents
were missing because they were all made on foot, but even a fraction of discretionary travel
unreported could be enough to help us hone in on statistically significant land use effects.

4. Results and discussion

4.1 Summary statistics®

Table 1. Trip rates and land use, by neighbourhood type (filtered datasets for both cities, as
described in the Data section).

Discr Walk Transit Retail Dist
Neighbour-  Trips/ % 0 Trips  Trips Trips Densit Persons  Jobs/ Jobs,/ from Count

hood Type Person Recorded /Perso  /Perso h y /ha ha h Core

n n /ha a (km)
More 1 251 19% 0.60 0.07 0 13 4 0 38 33,530
o Suburban 2 240 21% 0.54 0.10 2 33 9 1 24 89,550
"g ! 3 215 26% 0.53 0.11 5 50 16 2 15 60,745
5 4 212 26% 0.53 0.17 10 81 38 4 7 26,913
a More 5 178 32% 0.41 0.38 14 129 214 13 2 4,170
Urban 6 1.80 31% 0.42 0.49 19 123 480 24 1 2,907
_ More 1 230 18% 0.49 0.10 1 18 6 1 23 70,310
§ Suburban 2 2.26 21% 0.54 0.22 6 49 16 2 10 33,498
c ! 3 236 19% 0.56 0.42 9 82 30 3 7 27,485
§ More 4 253 17% 0.66 0.81 11 100 95 8 3 5,723
Urban 5 243 19% 0.69 1.00 14 70 351 16 1 1,115

* For transit density, as explained in section 4.1, the values shown are the sum of scheduled stops per hectare, on
a weekday afternoon between peaks

As one can see in both Table 1 and Figure 1, there is a correlation between distance from the core
and our land use variables of interest. This is inevitable in regions such as Toronto and Montreal,

5 Note: For methodological reasons, expansion factors were considered to be uniform across all respondents. If
there further exists a correlation between sampling bias and trip under-reporting within a given household type,
this aspect was not corrected for.
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as they may have secondary employment centres, but still have strong cores. Itis because of these
strong cores, and the history of analysis of monocentric cities that we in fact chose to focus on
TAZs and CTs within each region’s census metropolitan area (CMA). CMAs are analogous to
metropolitan statistical areas (MSAs) in the US, and their boundaries are defined by commuting
flow. These CMAs, then, enable us to observe the behaviour of households whose travel patterns
revolve around a common core. There is significant suburb-to-suburb commuting in Toronto, but
given our focus on discretionary trips and the additional filtering employed, we believe our suite
of spatial units is appropriately defined.

Looking more closely at Table 1, we see that an unexpected pattern of decreases in trip rates for
all trips, as well as a more pronounced decrease in discretionary trip rates, can be seenin Toronto
when moving from more suburban clusters to more urban ones. From looking only at the
Toronto data, it is not clear that the TTS survey methodology results in trip under-reporting;
however, when the data are compared with Montreal, as well as contrasted to the Halifax
(Millward & Spinney, 2011) and Swiss (Office Fédéral de la Statistique, 2012) examples described
in Section 2.2, it is clear that there is a significant overall under-reporting. Seeing polar opposite
patterns in overall trip rates, and the significant increase in walk trip rates in Montreal as one gets
closer to the core, it is clear that the absence of non-work, non-school walk trips in Toronto has a
significant impact on overall reported trip rates. In Montreal, discretionary trip rates increase for
residents living in more ‘urban-type” environments, while the percent of individuals reporting
no-travel days stays constant. In Toronto, the percent of non-travelling individuals increases by
over 50%.

40%-51% ~/ Missing LU Data i 35%-47% / Missing LU Data
s2% - 59% [ cma - a8% - 525% [P oma p
I 50%-66% % Union station W I 535 -57% % Station centrale

s -61% I ss - e

Figure 2. Study area discretionary trip rates.

Looking at the travel patterns of residents across the region, we see certain spatial trends. To
begin, in Figure 2, the number of discretionary trips per person per PD and SM decrease near the
core in Toronto and increase in Montreal. Either Toronto’s downtown has a tendency to attract
more homebodies than Montreal’s, or there is a difference in reporting patterns. Given the similar
dynamics observed in both cities, with high rents paid to access the amenities at the core, it seems
much more likely that trips in Toronto are simply not being recorded.
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Table 2. Neighbourhood type composition

47

. Dual . .
b 20 ncgme, 27 S S e s S0 90 Ot
o Kids

More 1 7.1% 5.6% 44.8% 2.0% 2.4% 6.5% 2.3% 0.2% 29.1%

Suburban 2 5.5% 4.5% 42.7% 2.3% 3.1% 6.7% 2.6% 0.4% 32.2%
% ! 3  59% 4.1% 34.5% 2.8% 5.7% 9.2% 4.4% 0.9% 32.7%
E 4 9.0% 6.8% 29.4% 2.6% 5.9% 7.0% 8.6% 1.0% 29.6%

More ©° 123% 9.7% 18.8% 2.5% 8.4% 5.6% 17.0% 2.7% 23.2%

Urban 6 14.5% 12.2% 13.2% 2.1% 7.5% 8.5% 19.0% 2.4% 20.4%

More 1 8.4% 8.2% 37.1% 2.4% 3.6% 8.7% 4.0% 0.2% 27.5%
Tg Suburban 2 8.2% 7.5% 29.7% 2.8% 7.0% 9.9% 7.2% 0.8% 26.9%
&
*g' ! 3 8.2% 7.8% 30.8% 3.4% 7.6% 7.2% 10.0% 1.9% 23.2%
= More 4 102%  137%  250%  3.0%  74%  41%  160%  29%  17.7%

Urban 5 10.2% 12.0% 15.2% 1.0% 10.4% 4.8% 14.9% 7.3% 24.1%

Aggregate statistics at the PD or SM scale, while informative, can be misleading, however. This is
because different areas are occupied by different types of households, as shown in Table 2. As
one can see from this table, households with children are more prevalent in lower density, more
suburban areas, while the proportions of single-person and other household types increase in
denser, more urban-type environments. As there is a correlation between household type and
travel patterns, it is important to look more closely at the trip making of these different
household-type residents in conjunction with neighbourhood type.

Figure 3 shows how stark these spatial differences in household type representation can be using
the example of single-person households.

16% - 20% [ cma

I 21%-30% Y Union station

10% - 15% [_7] Missing LU Data

9% - 15% [/ Missing LU Data

16% - 20% [J cma

Il 2% - 30%
5%

% Station centrals

Figure 3. Proportion Single Person Households

As one would expect, there is a significant concentration of singles in the core. Because of this
uneven distribution, we cannot draw conclusions on under-reporting of walk or discretionary
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trips based purely on distance to the core, land use or household type, but must employ more
sophisticated methods in order to isolate the effect of each variable.

Figures 4-7 combine these two ideas of representation and discretionary trip making by showing
the number of discretionary trips per person for different household types and in different PDs
and SMs. Toronto is shown on the left, Montreal on the right. The scale is different for Toronto
and Montreal, but the legend remains the same.

0.31-0.3 [_7] Missing LU Data ) 015-0.3 [/ Missing LU Data ’&
0a1-04 [Joma \/ 031-0.2 ] cma
I 041-05 % Union station A Bl 041-05 Y Station centrale N
-0.75 4 B o505

0 20 40 Km
Figure 4. Discretionary trips per person for 'Dual Income No Kids' households
028-0.3 [_7] Missing LU Data ) 026-03 [/ Missing LU Data ’&
031-04 ] ema \/ 031-04 [ cma
I 041-045 Y Union station A B 041-046 Y Station centrale N
I 0+7-065 I 0.47-055

Figure 5. Discretionary trips per person for '2+ Adults with Kid(s)' households
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059-0.73 [__A Missing LU Data

074-092 [Joma

I 093-1.12 % Union station
| ERERRE

0.38 - 0.74 [/ Missing LU Data

075-0.97 Y oma

B 0s3-1.22 % Station centrale
| EEEERRY

I 075-097 ¥ Union station

I 0os-1.45

Bl 105-157 Y Station centrale
Bl s:-c00

Figure 6. Discretionary trips per person for 'Retiree'' households
0.47 - 0.59 [_7] Missing LU Data 0.36 - 0.72 [__7] Missing LU Data ’\
0.60-075 [ oma 073 1.06 Y ema

Figure 7. Discretionary trips per person for 'Single Person'' households

As can be seen by the many pale grey and white cells near Toronto’s core (near Union Station,
indicated with a red star), there would appear to be a significant under-reporting there that
becomes more obvious whenlooking only at the travel of persons one household type at a time.
Certain types of households (notably retired persons or part-time workers) are known to make
considerably more discretionary trips than others (Jin, et al., 2014), but are not evenly distributed

across the region.

These differencesinreported discretionary trip rates are most quickly grasped in map form, but
to get at a further explanatory factor with particular relevance in Toronto, Table 3 summarizes
these trip rates by neighbourhood and household type, as well as by automobile access. Certain

sections highlighted.
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Table 3. Discretionary trips/person, by neighbourhood type and auto access
2 Adults, < Dual 2+ Adult Sing] Sing] Student
. S Income, No . uls mngie Retiree Retirees mnere udent(s) Other All
2 incomes Kids w Kid(s) Parent Adult Only
TO Mtl TO Mtl TO Mtl TO Mtl TO Mtl TO Mtl TO Mtl TO Mtl TO Mtl TO Mt
No Car 042 055 026 047 023 042 036 045 043 066 034 053 048 0.75 035 049 030 048 035 0.57
0.31 0.67 0.32 0.09 0.37 0.32 0.30 0.00 0.32 0.33
ExUrban 0.38 0.26 0.32 0.31 0.44 0.48 0.58 0.16 0.35 0.43
0.39 0.19 0.21 0.30 0.41 0.35 0.38 0.28 0.28 0.32
Sprawl 0.53 0.34 0.33 0.44 0.61 0.47 0.63 0.44 0.48 0.52
0.39 0.20 0.21 0.40 0.42 0.32 0.51 0.25 0.29 0.34
Suburban 0.56 0.41 0.43 0.50 0.76 0.57 0.77 0.50 0.49 0.60
0.53 0.37 0.28 0.42 0.46 0.37 0.54 0.58 0.34 0.41
Semi-urban 0.65 0.66 0.59 0.38 0.85 0.81 0.95 0.59 0.60 0.73
0.30 0.17 0.23 0.39 0.45 0.32 0.43 0.36 0.27 0.34
Urban 0.50 0.75 0.30 0.71 0.98 0.63 0.90 0.50 0.54 0.68
0.29 0.16 0.22 0.20 0.43 0.46 0.40 0.24 0.32 0.34
Core
Car Access 070 070 045 037 044 035 064 053 124 1.09 104 0.89 082 077 066 050 053 049 056 0.52
ExUrban 074 g70 047 o34 050 34 067 (g9 135 105 111 g9 080 73 033 47 059 47 060 049
Sprawl 073 068 047 (38 042 (35 066 53 132 194 112 gy 087 77 066 (49 052 (55 056 54
Suburban 009 75 041 43 041 49 057 (59 116 g5 099 g7 084 (g1 062 557052 (55 056 55
Semi-urban 004 067 043 g4 045 43 075 7z 116 q57 087 9q 081 99 073 o7 050 (g5 056 61
Urban 048 999 039 50 030 g4 037 75 099 155 060 q43 059 g5 071 g7 049 (g9 047 (79
Core 0.37 0.38 0.22 0.62 0.75 0.82 0.59 0.83 0.56 0.48
All 0.67 069 043 038 043 036 058 051 084 088 095 086 070 076 053 049 051 049 054 0.52
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As can be seenin Table 3, individuals living in “No Car” households in more urban environments
in Toronto have dramatically lower reported discretionary trip rates than their car-owning
counterparts. This is in stark contrast to Montreal, where reported discretionary trip rates are
much more uniform and where much less pronounced differences exist by neighbourhood type.
In the cells highlighted in red, we can see that discretionary trip rates for carless households
living in more urban-type environments are more than twice as high in Montreal, but then
looking to the cells highlighted in yellow (lower portion of the table), we see that discretionary
trip rates for households with access to a car in more suburban type environments are actually
higher in Toronto in most cases. These particular cells, while not the only ones of interest, are
highlighted to clearly show that the difference in reported rates of discretionary trip making is
not due to a higher overall discretionary trip rate in one city or the other, butis much more likely
due to the particular way in which walk trips are treated in the TTS.

Table 4. Discretionary Trip Rates by Neighbourhood type and Mode of Transportation

Neighbourhood Type Walk Bike Transit Car
More 1 0.00 0.00 0.01 0.58
Suburban 2 0.00 0.00 0.03 0.51
3 0.01 0.00 0.07 0.45
i ——
Toronto 4 0.02 0.02 0.11 0.37
5 0.03 0.02 0.14 0.22
More Urban 6 0.03 0.02 0.13 0.23
Average 0.01 0.01 0.05 0.48
More 1 0.02 0.00 0.02 0.44
Suburban 2 0.06 0.01 0.07 0.39
! 3 0.13 0.02 0.12 0.30
Montreal — ——
4 0.28 0.05 0.12 0.20
More Urban 5 0.31 0.01 0.15 0.22
Average 0.07 0.01 0.06 0.39

Table 4 presents discretionary trip rates per person, per mode of transportation used to make said
discretionary trips and clearly demonstrates a definite relationship between land use, preferred
mode of transportation and reported discretionary trip rates. Comparing the number of
discretionary walk trips per person in more urban environments in Toronto (0.03 trips per
person) to Montreal (0.31 trips per person), it is clear that the systematic non-reporting of walk
trips is non-trivial. If we instead compare car trips per person in the suburbs, we see that higher
discretionary trip rates are found, and reported, in Toronto. The difference is 0.58 to 0.44
discretionary trips per person per day.

Finally, Figure 8 shows the percent of individuals within each PD or SM making trips for which
land use information is not available. Most of the trips for which we were unable to associate
land use values are trips outside the study area. This explains their prevalence near the study
area boundary, where people are much more likely to travel outside the CMA even for ‘short’
trips. If we were to include all households where land use information for trips was complete and
exclude those living in the same tracts with missing information, this might cause a bias in our
assessment of the causes of under-reporting. As such, for our logit modelling, PDs and SMs
where more than 10% of individuals have incomplete land use information were removed.
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Figure 8. Percent person-days with missing land use data by PD and SM

Using simple summary statistics and looking at subsets of the population already provides a
strong case for there being a land use/neighbourhood-type effect. There is, again, no obvious
explanation why persons living in more densely populated, and retail and transit accessible areas
would be less likely to report discretionary trips, as is found in the Toronto dataset. Whether they
have access to cars or not, it appears central city residents are, according to Toronto’s TTS, not
making use of the amenities at their disposal - recognizing that a large share of these trips are not
simply unreported (behavioural effect), but rather are not recorded (method). This also goes
against the findings of Boarnet et al. who find that increased accessibility increases overall travel
(Boarnet, et al., 2011).

Correlation is only indicative however. To gain a better understanding of whether the
relationship between land use and travel holds up when control variables are employed, we
present results of our binary logit model below. The dependent variable is whether a person
reported one or more discretionary trips on the survey day. The logic in employing such a model
is to thenlook for any counter-intuitive land-use and discretionary trip making relationship. Such
a relationship would indicate having isolated the effect of land use on under-reporting
discretionary trips, whether by outright omission of walk trips (in Toronto) or as a result of non-
reporting of short discretionary trips as is common in the literature (in both Toronto and
Montreal). The counter-intuitive coefficient expected in Montreal, we interpret as a measure of
the effect of under-reporting in a behavioural sense, as relates to more urban locations where
walk trips are more prevalent, with the difference between effects in Toronto and Montreal being
the additional effect of systematic under-reporting resultant from non-recording of discretionary
walk trips.

4.2 Logit model

As described in the Methods section (3.3), the way we sought to quantify the effect of land use on
under-reporting was by estimating a binary logit model. Within the model, the dependent
variable indicates whether a respondent reports or does not report making one or more
discretionary trips on the day of the survey. To create the dependent variable, all the trips
reported in the TTS and EOD were first coded as being made for discretionary (1) or non-
discretionary (0) purposes. The maximum value was then taken for each respondent. Records
represent respondents in the estimation.

In addition to this straightforward data preparation, land use at the home and all destination
locations needed to be represented. This was done first by associating every home and trip
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destination with a census tract (Montreal) or traffic analysis zone (Toronto). Land use and
neighbourhood type data associated to the tract or zone in question were then pulled in to the
respondent dataset. For destination neighbourhood types included in the model, the highest
cluster value was kept, labeled as “‘most urban dest’ (ination). For individuals who made no trips
on the survey day, the highest destination cluster is represented as the home cluster. O-trip
individuals were included in the model estimation, as the likelihood of not recording any travel
was associated with the non-recording of discretionary trips. This relationship was clearly
demonstrated in the TTS" summary statistics, where, to reiterate, the percent of individuals
reporting no travel increased by over 50% at the core when compared with lower density, less
mixed and transit accessible environments (see Table 1). We wanted to make sure our model
captured this effect.

The estimated logit model odds-ratios are shown in Table 5. Odds ratios are shown as they can
easily be interpreted, as odds multipliers. To give a simple example, an estimated coefficient
value of 0.5 for a given dummy variable (coded 0 or 1), means that if an observation in the data
has a “1” for this independent variable, the pre-existing odds of an outcome “y” (the dependent
variable) are halved. If, on the other hand, the estimated coefficient value is 2, an observation in
the data with a “1” for this variable would indicate a doubling of the pre-existing odds for
outcome “y’. Anestimated coefficient of 1 would mean that the variable has no effect. In our case,
the dependent variable is making at least 1 discretionary trip on the reported survey day.
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Table 5. Binary logit model results, with most relevant sections highlighted. Dependent
variable is making at least 1 discretionary trip

Toronto Montreal
Odds Ratio z P>z Odds Ratio z P>z
Distance* from Union 0.993 -4.53 0 0.993 -2.37 0.018
Distance”2 from Union 1.000 8.66 0 1.000 2.46 0.014
Home = Sprawl 0.767 -13.67 0 0.810 -7.51 0
» Home = Suburban 0.613 -17.02 0 0.719 -7.22 0
% Home = Semi-urban 0.625 -9.93 0 0.706 -4.82 0
% Home = Urban 0.554 -6.16 0 0.711 -2.12 0.034
é Home = Core 0.445 -5.09 0
Transit service density 0.864 -6.59 0 1.010 1.92 0.055
Population density 0.997 -5.58 0 1.000 -0.06  0.952
Job density 1.000 1.01 0.314  1.001 1.49 0.136
Retail Density I 1.004 I 0.96 0.338 0.992 -1.25  0.213
% Most urban dest = Sprawl 1.982 39.73 0 1.278 12.81 0
'g Most urban dest = Suburban 3.099 60.76 1.747 26.63 0
Z; Most urban dest = Semi-urban  4.020 62.91 0 2.730 37.01 0
é Most urban dest = Urban 3.599 43.09 0 1.899 27.31 0
§ Most urban dest = Core 3.921 58.73 0
& Autoavailable 1.659 19.9 0 1.082 2.58 0.01
% E License 1.681 15.83 0 1.588 12.86 0
= License+Auto 1.253 6.26 0 1.164 3.65 0
» PT Worker 0.694 -19.99 0 0.536 -22.58 0
: ‘% FT Worker 0.441 -63.56 0 0.286 -69.38 0
% -§ Youth + Student 0.964 -1.62 0104  0.460 -23.27 0
= 5;@ Adult + Student 0.417 -33.54 0 0.343 -38.43 0
Y Male 0.897 -11.04 0 1.005 0.38 0.701
2 Adults, < 2 incomes 1.025 1.2 0.228 1.132 5.1 0
§ Dual Income, No Kids 0.927 -3.03 0.002 0.954 -1.72 0.086
'% 2+ Adults w Kid(s) 1.014 1.01 0314 0971 -1.47  0.143
g Single Parent 1.195 5.51 0 1.277 6.17 0
5 Retiree 1.065 2.23 0.026  0.807 -6.42 0
% Retirees 1.712 26.03 0 1.191 6.81 0
g Single Adult 1.098 3.48 0.001 1.225 6.63 0
E Student(s) Only 1.089 1.38 0.169  1.229 2.96 0.003
Nb persons 0.888 -22.23 0 0.933 -8.36 0
Proxy Is Survey Respondent 1.788 52.97 0 1.699 38.6 0
Constant 0.234 -31.61 0 0.523 -11.56 0
* All distances expressed in km Obs. 217,815 Obs. 138,131

* All densities in units/hectare

Pseudo R2 0.097

Pseudo R2 0.092
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As was our hypothesis, the estimated model presented in Table 5 shows intuitive signs for almost
all variables exceptland use at the home location. Specifically, we find that after controlling for
demographics and vehicle access (which here is also somewhat correlated with making
discretionary trips via motorized modes and thus being recorded), denser, more urban
environments lead to a decrease in discretionary trip making. This is found for both cities. In
contrast, travel to a denser urban environment increases the pre-existing odds of making a
discretionary trip (‘destination” land use neighbourhood-type binary variables).

An important distinction between Toronto and Montreal estimated coefficients, however, is the
magnitude of the neighbourhood type effect for the home location. Controlling for
demographics, mobility tools and distance from the core, living in a denser, more mixed
environment reduces pre-existing odds of reporting discretionary trip making by 19 to 29% in
Montreal (suburban to semi-urban, urban and core) and 39 to 55% in Toronto (suburban to core).
This despite the fact travel to the core increases the pre-existing odds of making a discretionary
trip by 170% for Montreal and 300% for Toronto.

To answer our main research question, then, our results indicate that the effect of land use on
under-reporting can be as high as a 29% decrease in the pre-existing odds of discretionary trip
making when walk trips are not explicitly ignored, with effects estimated as high as 55% when
they are. These are non-insignificant effects.

The way we interpret these findings is that persons living in dense, urban core-type
environments are likely to make short, simple-tour walking trips for discretionary purposes
(which would have no possibility of being recorded in Toronto, but are potentially recorded in
Montreal). Persons living elsewhere than these dense environments, in turn, are more likely to
make complex tours (as was found in Harding, et al. 2015) and make the most of the amenities
present by chaining trips together. Again, when chained within complex tours, walk trips do get
reported in both datasets.

In addition to the significant neighbourhood type coefficients, we find statistically significant, but
counter-intuitive signs for population density and transit access in Toronto. By this we mean that
a given increase in density or transit access would be expected to also lead to an increase in the
likelihood of discretionary trip making, but after controlling for household type, the reverse is
found. Furthermore, the fact that retail density does not have a statistically significant effect in
either city - or a reasonable magnitude of effect- is also a clear indication there may be a
significant problem resultant from under-reporting of walk or discretionary trips overall. If this
under-reporting is indeed the cause for the non-significant coefficient estimate, then the
implications from a modelling standpoint are considerable. This would mean that trip generation
and mode choice models based on this data will produce biased estimates of number of trips and
the relative shares for each mode, while trip distribution models in turn will also produce
erroneous predictions because attraction for non-mandatory activities is not properly measured.

Regarding the significant and positive coefficient estimates for auto available, license and license
plus auto, results are consistent with findings by Driscoll et al., who find “an attachment to the
car as a mode of transport for non-commuting journeys when available” (Driscoll, et al., 2013).
This in turn means we should be picking up all the more discretionary trips in the suburbs and
by car-owning households - which is exactly what was shown in Table 5.

A final variable worth mentioning is “Is survey respondent”, with its large and positive
coefficient that can be read as a significant proxy bias effect. Not having the individual on the
phone to report their own travel (Is survey respondent = 0) greatly decreases the likelihood of
recording a discretionary trip, where the pre-existing odds of making a discretionary trip are 79%
greater in Toronto and 70% greater in Montreal if the travel data are self-reported. This variable is
not always provided with regional OD datasets, but reminds us of a significant limitation with
the EOD, TTS, and telephone household surveys more broadly. We report this effect here as it is
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significant, but as proxy bias is already well documented, unlike land use effects, we do not focus
on this aspect.

5. Conclusion and policy recommendations

As per our results, it would appear there is indeed a relationship between land use and trip
under-reporting for discretionary purposes. Knowing that walk trips specifically are lost as a
result of the way in which TTS data are collected and recorded, it then follows that many of these
trips not reported may be trips made on foot. A recent paper by co-authors Harding and Miller
showed the prevalence of walk trips in the core using a smartphone-based, passive location trace
dataset. In that particular case, while the sample was small and not necessarily representative of
the broader City population, over 50% of all detected trips were made on foot (Harding, et al.,
2015). Many of these were short, but if that is what travel looks like in the dense core of our cities,
not making every effort to collect that data may lead to significant problems when one wishes to
draft evidence-based policy to effect change in travel behaviour. These are not merely trips made
that do not require vehicle lanes or additional transit capacity, these are trips potentially
replacing motorized trips.

While our results are fairly stark and raise concerns with regard to the accuracy of reported
discretionary travel in the Toronto core specifically, and in the region more broadly to a lesser
extent, the case we have looked at is an extreme; follow-up studies should be conducted to obtain
additional estimates on the effect of land use in this regard. That is not to say, however, that trip
under-reporting does not have profound effects or is not associated with land use in other
contexts, irrespective of whether the true effect is a 10, 20 or 30% reduction in the pre-existing
odds of reporting discretionary trips in more urban environments. The trends found here of a
concentration in problematic reporting are likely also found in other cities” surveys where short,
walked, discretionary trips are under-reported. To the extent that there is any correlation
between land use and the propensity to make these kinds of trips, then the bias in model
estimates will be greater in denser, mixed environments and reduce the potential for regional
survey data to guide policy aimed at increasing the share of AT.

Another problem resulting from current data collection methodsis that “typical trip distances by
mode are often used as a way to estimate how many trips could be diverted (example from car to
bike or transit to walk) were some improvement made to the built environment. In Toronto’s case
to a great extent, and in the case of Montreal to a lesser degree, these “typical” distance values are
based on a biased sample of actual travel.

The reason cycling advocates go out and collect data on bike traffic along a corridor is that this
information can be used to make a case for better infrastructure provision. If we have no data on
the prevalence of walk trips for simple tours, how do we know where sidewalks are being
utilized? How do we know if a pedestrian connection over rail tracks is worth the investment
required for its maintenance? These are non-trivial questions.

Providing infrastructure for different types of mobility also comes at varying costs. If a new
development is being built, a decision on whether or not to connect it with LRT is not made by
flipping a coin. Data are collected and ridership estimated, because that decision will have long
term repercussions. Likewise, what type of pedestrian facilities and the amount of road-space
allocated to pedestrians and cyclists should be evidence-based decisions.

Planning infrastructure investments with only ITE-style trip generation rates can have serious
implications, not only on the potential to cause road conflicts in areas or misunderstand travel
patterns and their associated emissions, but also can have the effect of overspending on
infrastructure for certain modes. As Millard-Ball has stated, we talk of “conservative” estimates
when planning for parking and road space to be allocated to cars, but it is difficult to see how
spending too much on infrastructure that will be poorly utilized on the off-chance congestion
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may occur is a “conservative” way of doing things (Millard-Ball, 2015). We need a shift in the
conversation. Better or more attentive data collection methods that reduce the biases inherent in
travel surveys and further research on the effects of under-reporting on forecasts are needed.
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