Available online at www.sciencedirect.com -
Transportation

ScienceDirect Research

Lok Procedia

ELSEVIER Transportation Research Procedia 00 (2018) 000-000

www.elsevier.com/locate/procedia

World Conference on Transport Research - WCTR 2019 Mumbai 26-31 May 2019
Understanding travel behavior through changes in urban form,
preference, and life events: A longitudinal study
Binay Adhikari®®, Andy Hong®*, Lawrence D. Frank®P

2School of Community and Regional Planning, University of British Columbia, Vancouver V6T 172, Canada
PHealth & Community Design Lab, School of Population and Public Health, University of British Columbia, Vancouver V6T 1Z3, Canada

Abstract

This study uses residential relocation as a unique opportunity to capture changes in urban form before and after people
move. Prior studies have used residential relocation as a way to isolate the causal effect urban form on travel behavior.
Yet, longitudinal studies of changes in personal and household contexts through residential relocation are still very
rare. Using a longitudinal sample of 223 participants (2012-2014), this study found significant positive impact of
changes in neighborhood walkability (5 = 0.43, p < 0.05) and regional accessibility (5 = 0.53, p < 0.05) on walking.
The results also indicate that preference for mixed-used neighborhoods is inversely related to auto trips (f = -0.07, p
<0.05), and preference for affordable housing has a negative impact on walking (8 = -0.19, p <0.01). A stronger
preference for auto is negatively related to walking (8 = -0.39, p < 0.01). For life events, reduced income is associated
with higher walking trips (5 = 0.28, p < 0.05), but change in marital status is related to lower transit trips (8 = -0.33,
p < 0.05). Findings highlight the importance of urban form in affecting travel behavior and call for the need to
understand travel behavior through a more holistic framework that incorporates personal and household contexts to
support more active travel in places where reducing auto trips is a top priority for regional and municipal strategic
planning.
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1. Introduction

One of the challenges in land use and transportation research is to isolate the effect of urban form on travel behavior
(Knuiman, et al. 2014, Frank, et al. 2007). Most preferred research design to understand the true effect of land use on
travel behavior would be to conduct a random experiment in a controlled environment. However, it is not possible or
even ethical to conduct an experiment by randomly assigning people to different locations and study how their
behaviors change over time. Moving to Opportunity (MTO) study is perhaps the only randomized social experiment
that aimed to examine the benefits of offering mobility opportunities to low-income families (Sanbonmatsu, et al.
2011). To our knowledge, only one study has used data from MTO to study travel behavior, focusing on the role of
transportation in employment outcomes (Blumenberg and Pierce 2014).

As an alternative to a true randomized control study, researchers have often used two broad strategies to isolate the
impact of urban form on travel behavior. The first strategy is to use a statistical control. This includes using
econometric techniques, such as propensity matching and instrumental variables, to control for endogenous factors,
e.g., residential self-selection (Cao, Mokhtarian and Handy 2008). A second strategy is to conduct a quasi-
experimental study where researchers assess the impacts of specific policy interventions that provide opportunities to
observe the effects of the policy intervention through natural experiments. Researchers have used a quasi-experimental
design to assess before-and-after impacts of physical modifications to urban forms, such as the construction of a
greenway (Fitzhugh, Bassett and Evans 2010) or a transit system (Hong, Boarnet and Houston 2016). Other approaches
include assessing the impact of programming, such has a free bus pass program (Fujii and Kitamura 2003) or a
congestion charging scheme (Eliasson, et al. 2009). Quasi-experimental studies are considered an improvement over
cross-sectional studies because they allow comparison between a group that receives a treatment (experimental group),
such as the construction of a new rail line or a new transport policy and a group that does not receive the treatment
(control group) (Sallis, Story and Lou 2009, Boarnet 2011).

In transportation, a unique quasi-experimental research can be conducted by examining changes in people’s travel
behavior before and after they move to a new residence (Giles-Corti, et al. 2013, Scheiner and Holz-Rau 2013, Lin,
Wang and Zhou 2018, Krizek 2003). These “residential relocation” studies allow researchers to directly compare
differences in travel behavior between people who moved versus people who did not move. However, these studies
are not without limitations. They may still suffer from self-selection bias where participant behaviors are affected by
their motivations and preferences rather than policy interventions under study. For example, researchers have used
residential relocation as a proxy to understand changes in the built environment on travel behavior (McCormack, et
al. 2017). However, participants might have moved to a new neighborhood for reasons other than their travel needs
(Vos, Derudder, Acker, & Witlox, 2012). People may not be fully aware of transport opportunities until after they
move (Jones & Oglilvie, 2012). Furthermore, when people are moving, they may self-select into a neighborhood not
only because of their preference but also because of the various factors like changes in lifestyle, life stage, employment,
income, etc. (Sinniah, et al. 2016).

Building on the previous research on residential relocation, this study aims to examine whether changes in the built
environment are associated with changes in travel behavior after people move to a new neighborhood. We hypothesize
that the actual changes in the built environment are more predictive of people’s travel behavior, rather than residential
relocation itself. We also hypothesize that residential preference and travel preference have separate impacts on travel
behavior, independent of changes in the built environment. Lastly, we posit that changes in lifestyle, such as marital
status, income, household size, and work status, have a separate impact on travel behavior. By unpacking these
individual factors related to residential relocation, this study provides a significant contribution to the body of
knowledge on the causal effect of the built environment on travel behavior.

2. State of knowledge in travel behavior research
2.1. Land use and travel behavior research
Though urban planners and transportation researcher have long been interested in the interactions between land use

and transportation, their interest in understanding the relation of neighborhood built environment and transportation is
recent. Much of this interest was catalyzed by the movements like New Urbanism (Duany, et al. 1991, Calthorpe 1993)
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and Smart Growth (Danielsen, Lang and Fulton 1999, Burchell, Listokin and Galley 2000). Most of the earlier studies
examining the land use and travel behavior relationship focused on the effect of aggregate land use features like
density, and regional accessibility on automobile trips, more specifically on vehicle miles traveled ( Handy 1992,
Crane 2000, Boarnet and Crane 2001). Findings from these studies suggest that the built environment features are
inversely associated with per capita vehicle miles traveled. Some of the studies that used aggregate land use data to
examine that land use travel behavior relationship have found mixed results. However, the research that has focused
the role of the neighborhood built environment on travel behavior have used more disaggregate data of the
neighborhood built environment which include land use density, diversity, design, destination accessibility and
distance to transit commonly called “5Ds”. Various studies have found that the 5Ds of the neighborhood built
environment are associated with a reduction in driving and an increase in the use of other modes of transportation like
walking, biking, and taking transit (Forsyth, et al. 2007, Neass 2012, Boer, et al. 2007, Lee and Moudon 2006, Saelens
and Handy 2008, Southworth and Ben-Joseph 1995, Koohsari, Sugiyama and Mavoa, et al. 2016, Koohsari, Sugiyama
and Lamb, et al. 2014).

2.2. Rising popularity of the “walkability” concept

Since the built environment features are often highly correlated with each other making it difficult to identify unique
contribution of each feature (Cervero and Kockelman 1997), composite indices are popular among researchers
examining the relation between neighborhood built environment and travel behavior (Frank, et al. 2010). Walkability
index is one of the most popular composite indices used to predict walking behavior. Walkability index is usually
created by combining features, such as residential density, land use mix, intersection density, and retail floor area into
one score (Frank, et al. 2010). In addition, regional accessibility, commonly referred to as the ease of reaching major
destinations (Handy and Niemeier 1997), is also considered an essential built environment feature. Research has found
that people living in places with high regional accessibility by transit have low per capita vehicle miles and spend less
time in the car (Ewing and Cervero 2001). Transport-related walking trips are also higher among people who live in
an area with high regional accessibility (Cho and Rodriguez 2014 , Brown, et al. 2014, Frank, et al. 2010, Huang,
Moudon and Zhou, et al. 2017).

There are a considerable number of studies from public health that have also evaluated the impact of neighborhood
built environment on travel behavior and physical activity. These studies examine the effect of neighborhood built
environment features that help improve opportunities for regular physical activity (Ramirez, et al. 2006, Sallis, Floyd,
et al. 2012). With the aim of creating active communities, most of the studies from public health research examining
built environment and travel behavior relationship examine how neighborhood built environment affects physical
activity. Some studies have also examined the effect of neighborhood built environment on health outcomes related to
the lack of physical activity such as obesity, diabetes, high blood pressure and various cardiovascular diseases (Sallis,
Floyd, et al. 2012). There is substantial evidence suggesting that living in a highly walkable neighborhood is associated
with higher levels of walking and engagement in physical activity, and lower incidence of various diseases like obesity,
diabetes, high blood pressure, and various forms of heart diseases (Mobley, et al. 2006, Li, et al. 2009, Griffin, et al.
2014, Ewing, Meakins, et al. 2014). The evidence from these studies has consistently shown that the built environment
plays significant role in explaining travel behavior. However, most of the studies that have examined the relation
between neighborhood built environment and travel behavior are cross-sectional. Cross-sectional studies merely
ascertain associational relationship and limit any causal inference. Therefore, there is an increasing number of
longitudinal studies examining the effect of the neighborhood built environment on travel behavior.

2.3. The recent focus on self-selection, preferences, and lifestyles

In travel behavior research, residential self-selection has been recognized as one of the most important confounders
of the built environment and travel behavior relationship (Cao, Handy and Mokhtarian 2006, Conner and Sparks 2005,
Handy, Cao and Mokhtarian 2005). Residential self-selection refers to the tendency of people choosing where to live
based on their travel needs and preferences (Mokhtarian and Cao 2008). When quantifying the impact of built
environment on travel behavior, ignoring the effect of residential self-selection can lead to overestimation of the true
effect (Bhat and Guo 2007, Cao and Chatman 2016). However, researchers have also shown that the built environment



4 Author name / Transportation Research Procedia 00 (2018) 000-000

has a significant effect on travel behavior independent of residential self-selection. In addition to self-selection, various
studies have attempted to incorporate individual attitudes, values, and orientation, collectively called lifestyle choices
(Van Acker, Wee and Witlox 2010), within travel behavior research (Salomon and Ben-Akiva 1983, Bagley and
Mokhtarian 2002, Scheiner and Holz-Rau 2007, Kitamura 2009). Some of the studies have demonstrated that travel
demand is heavily influenced by one's attitudes toward travel highlighting the fact that travel is not merely a means of
reaching to a destination but has an intrinsic positive utility and is valued for its own sake (Mokhtarian, Salomon and
Redmond 2001, Ory and Mokhtarian 2005, Cao, Mokhtarian and Handy 2009). Therefore, travel behavior is not only
influenced by the objective features of the built environment or by the demographic characteristics, but it is also
determined by cognitive and psychological factors related to individual preferences and attitudinal predisposition.

Recently, the concepts of mobility culture and mobility biography are gaining interest among travel behavior
researchers. The concept of mobility culture contextualizes travel behavior as a manifestation of lifestyle orientations
of a population within a region. Though initially used to study leisure travel behavior (Lanzendorf 2002) and more
recently general travel behavior (Klinger and Lanzendorf 2016), studies examining the role of mobility culture have
found that people from a car dominant culture are more likely to drive more compared to those who come of culture
where walking, transit is more dominant. Since the development of lifestyle preferences, attitudes, motivation, and
orientation happen over the course of life, some studies have used the concept of mobility biography to understand
how travel behavior change over the life course, and how key events in life affect travel behavior (Lanzendorf 2003,
Scheiner 2007). The core tenet of mobility biography is that travel behavior is stable and repetitive as long as the daily
conditions are stable. However, any changes in the daily conditions due to new circumstances can lead to a change in
travel behavior (Fatmi and Habib 2017). The new circumstances are generally results of the lifestyle choices. Such
choices can lead to a change in family structure, employment status, or residential status which are found to be
associated with travel behavior. Therefore, the findings from the studies that have used the concepts of mobility styles
and mobility biography also highlight the importance preferences, attitudes and life events in the research examining
built environment and travel behavior relationship.

3. Towards a new model of travel behavior research
3.1. Moving towards a longitudinal framework

In recent years, there has been a strong emphasis on using a longitudinal research design to strengthen causality in
understanding the relationship between land use and travel behavior (Boarnet 2011, Frank, et al. 2007). A growing
body of research has adopted a pre-post research design to examine the effect of a change in the built environment on
travel behavior before and after a major urban infrastructure investment. For example, several studies have examined
the impact of light rail (Brown and Werner 2008, MacDonald, et al. 2010, Hong, Boarnet and Houston 2016, Huang,
Moudon and Zhouc, et al. 2017), while others have examined urban greenway corridors, bike trails, etc. (Panter, et al.
2016, Ngo, Frank and Bigazzi 2018). These studies have found that urban infrastructures like light rails and urban
greenway corridor lead to a change in travel behavior, specifically an increase in active modes of transportation. Other
studies have used residential relocation as a way to examine the effect of a change in the built environment on travel
behavior (Krizek 2003, Giles-Corti, et al. 2013). Since residential relocation leads to a change in context, people are
more likely to change their travel behavior after residential relocation (Bamberg 2006, Clark, Chatterjee and Melia
2014, Clark, Chatterjee and Melia 2016). Results from the residential relocation studies suggest that moving to a more
walkable neighborhood leads to a decrease in auto use and an increase in active modes of transportation, such as
walking, bicycling, and transit (Giles-Corti, et al. 2013, Scheiner and Holz-Rau 2013, Lin, Wang and Zhou 2018).
These longitudinal studies are useful in explaining the causal relationship; however, they seldom incorporate several
important confounders, such as a residential preference that may mediate or moderate the impact of the built
environment on travel behavior.
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3.2. Research gaps and the need for a holistic framework

Despite being a relatively new area of research, the research on the built environment and travel behavior is one of
the heavily researched areas in urban planning. However, most of the studies have examined the relationship cross-
sectionally which limit researchers from making causal claims that built environment affects travel behavior. Though
there is an increasing number of studies that have examined the before and after effect of urban infrastructure projects
to establish the causal relationship, most of them seldom account for important confounders, such as lifestyles, travel
preferences, and attitudinal predisposition. Likewise, most of the residential relocation studies rely on retrospective
surveys which often suffer from recall biases (Coughlin 1990). Furthermore, retrospective survey may not be an
appropriate instrument to capture time-variant measures, such as preferences and lifestyles (Schwanen and Mokhtarian
2004). Studies that incorporate preferences and lifestyle factors often rely on retrospective design with only a handful
of studies using a true longitudinal design (Clark, Chatterjee and Melia 2014, Clark, Chatterjee and Melia 2016).

Regional
Built Environment

Spatial Dimension

Local
Built Environment

- —
{ Life Events }
] !
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Figure 1. A holistic approach to travel behaviour research.

This study aims to examine whether changes in the built environment are associated with changes in travel behavior.
By accounting for the changes in the built environment, life events as well as the changes in personal characteristics
and preferences (Figure 1), this study makes two significant contributions to the existing body of knowledge. First, we
use residential relocation as an opportunity to examine the effect of the changes in the built environment on travel
behavior. Second, we account for the changes in residential preferences and travel preferences, which are considered
key confounders in the literature. Lastly, this study incorporates changes in lifestyle factors, such as marital status,
income, household size, and work status, to understand the effects of household contextual factors on personal mobility
choices. By using a longitudinal study design with the careful inclusion of key confounders, this study not only makes
a significant contribution to the growing body of literature on longitudinal evaluation but also helps advance the field
by incorporating emerging theories from the mobility culture and biography research.

4. Method
4.1. Study context, design and data collection

The data for this study comes from a larger study called “CHANGE” — Changes in Health, Activity, and Nutrition
across Geographic Environments which was initiated to document travel, activity and dietary behaviors of individuals

and their generation of, and exposure to, air pollution before and after moving. The study was conducted in Metro
Vancouver region. Metro Vancouver is a metropolitan area in western Canada, and it covers 22 municipalities, one
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electoral district, and one treaty First Nation (Figure 2). Being one of the fasted growing regions in Canada, Metro
Vancouver is home to about 2.5 million people and projected to add 1 million more people and bring in more than
500,000 jobs coming to the region’s current job market by 2040 (Metrovancouver 2011). Because of the region’s
growing economy, it attracts many immigrants coming from countries with diverse demographic, cultural and
economic background. The member municipalities of Metro Vancouver are undergoing rapid urban transition and
have a diverse range of built environment features that favor various modes of transportation. These variations in the
built environment, economic, cultural and demographic composition provided a unique opportunity to examine how
the change in urban form, preferences and life events affect travel behavior

Vahcouver C

Richmond"

Langley’

White Rodk,

SANARA

Figure 2. Study Area—Metro Vancouver regional boundary

Participants were recruited for the study between April 2012 and August of 2014. The study was advertised through
a variety of channels, including print media, Facebook, Craigslist, emails to faculty and student listserves, fliers and
mailouts to purchasers of condominium developments. Additionally, a survey research firm was also hired to recruit
interested participants through their pre-existing panel of households. Interested individuals were directed to a website
where they registered their personal information and were contacted by a member of the research staff.

Potential recruits were screened for their eligibility. Only one adult (18 or over) member per household could
participate in the study. The participant had to be a resident of Metro VVancouver, must have lived in their current
residence for at least six months, and planning to move within Metro Vancouver within six months, and no sooner
than six weeks after initiating the study. To take part in the study, participants were required to complete a survey, and
fill out detailed travel diaries for each trip taken outside of the home during the same four-day period. Six months
after moving to their new residence, participants were asked to participate in a second, follow-up phase, during which
they repeated the same study protocol.

A parallel sample of households who did not undergo a move, i.e., no change in the neighborhood built
environment, was also recruited. Potential participants were preferentially recruited via a stratified recruitment
strategy that sought to match controls to movers based on their socioeconomic and demographic criteria. Specifically,
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controls were recruited that matched existing movers on their gender, age category (ages 19-34, 35-64, 65 and over),
personal income category (under $20,000/year, between $20,000 and $70,000/year, over $70,000 year) and the
walkability index tertiles of their primary residence. The non-movers followed the same study protocol as movers,
completing identical surveys, and filling out travel diaries during a specified four-day period. Six months after
completing their first phase, non-movers were re-contacted to participate in an identical second phase.

4.2. Variables used

4.2.1. Travel behavior

The information from the travel survey was used to capture the travel behavior of the participants. The travel survey
asked participants to record their travel information starting from their first trip in the morning and ending with the
last trip each day for four days. The participants provided information on trip origin, destination, travel mode, arrival
time, departure time, and activity done at the destination.

Average trips per day by three modes, which include auto, transit, and walking, were calculated using the data from
the travel diary. For each of the three modes, the average trips per day were derived from total trips, and non-work
trips. Change scores were calculated for each mode by subtracting average trips made in time one from the average
trips made in time two resulting in six change scores.

4.2.2. Urban form

The urban form was measured using two indicators. The first indicator included neighborhood walkability index
which measures the neighborhood conduciveness for walking. Frank, et al. (2010) developed the walkability index to
measure neighborhood built environment. Walkability index is based on the data measured at parcel level which
provide a high-resolution picture of neighborhood built environment. Walkability index is a function of net residential
density, retail floor area ratio (FAR), land use mix and intersection density that captures whether a neighborhood has
a physical environment that supports walking (Frank, et al. 2010).

The second indicator included regional accessibility which measures the travel time from a participant’s residence
to major centers in Metro Vancouver by car and transit. The ten major locations identified by Metro Vancouver
regional plan (Metrovancouver 2011) were used as the major destinations. Travel time was calculated by averaging
the peak and off-peak travel time by car and transit.

Participant’s addresses were geocoded and linked to neighborhood walkability and regional accessibility in
ArcGIS. Spatial join tool was used to link addresses with the two urban form indicators. Change scores for both
neighborhood walkability and regional accessibility were created by subtracting time one indicator from time two
indicators. The change scores were then dichotomized into two categories: i) decreased or unchanged, ii) increased.
The same method was adopted to create two categories for the change in regional accessibility.

4.2.3. Preferences

For measuring neighborhood preference, the participants were asked about the type of neighborhood they like to
live in if they were to move from their current neighborhood. They were given two options and asked to rank their
preference for one type of neighborhood over other on a scale of 0 to 10. The scales were recoded so that high scores
represented a higher preference for various characteristics of a walkable neighborhood. The two neighborhood
characteristics included a preference for the walkable neighborhood and preference for neighborhood with mixed uses.
In addition, the participants were also to rank whether affordability was the reason for their decision to live in their
current neighborhood. The affordability preference was measured on a four-point scale. In addition to neighborhood
preference, the participants were asked to rank modes of transportation, which include auto, transit, and walking,
based on their preference. All travel preference indicators were measured using a four-point scale. Using the responses
recorded in time one and time two, change scores were calculated.

4.2.4. Life events

The participants were asked “Over the past two years, have any of the following major events happened in your
life?” to which they responded by selecting appropriate events that happened to them. The life events used for this
study include a change in income, change in job or job location, change in marital status, and change in household
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size or household structure. All responses were binary variables. Responses reported in time two were used for
analysis.

4.2.5. Covariates

Age, gender, ethnicity, education, and baseline travel behavior were used as covariates for study. Education was
categorized into two categories: high school education, higher than a high school education. Likewise, ethnicity was
recoded to create two categories which indicated whether participants were white or non-white. Baseline travel
behavior included an average number of trips per day made by car, transit, and walking. In addition, a dummy variable
was created to control for the effect of moving by categorizing the participants as movers and non-movers.

4.3. Analytic approach

R version 3.4.0 (R Core Team 2013) was used to analyze the data. Exploratory data analyses were done to examine
the participant’s socio-demographic characteristics, change in urban form, changes in neighborhood and changes in
travel mode preferences, attitudes, and needs. T-tests for independence were done to examine differences in changes
in travel modes between the two walkability change groups. Ordinary least square (OLS) regression analyses were
done to examine the effect of a change in neighborhood walkability on travel behavior outcomes for each of the travel
modes. OLS regression approach using change scores has been used by previous studies examining the effect of the
change in built environment on travel behavior (Klinger and Lanzendorf 2016, Foster, et al. 2014). All the OLS models
controlled for changes in regional accessibility, changes in neighborhood and travel preferences, life events, baseline
travel behavior and other socio-demographic factors. The effect of “moving” on travel behavior was examined by the
dummy variable created to identify residential movers from non-movers.

5. Results
5.1. Sample characteristics

Table 1 shows the demographic characteristics of the participants at baseline, changes in urban form, neighborhood
preferences, and travel mode preferences. The average age of the participants was 35.68 with a standard deviation of
13.80. Females were over-represented in the study sample (Female = 66.67% vs. Male 33.33%). More than half of the
total number of participants were of Caucasian origin (60.99%). An overwhelmingly high percentage of the total
sample had at least a high school education (91.30%). More participants either had a decrease or no change in
neighborhood walkability (69.51%) than those who had increased neighborhood walkability (30.49%). Almost an
equal percentage of the total participants increased regional accessibility (34.08%). There was an overall decrease in
neighborhood preference indicators (mean change for walkable neighborhood = -.42 and mean change for a
neighborhood with mixed uses = -0.05). However, there was an increase in preference affordable housing (mean
change = 0.01). The preferences for driving and taking public transit did not change at the two time-points, whereas
there was a decrease in preference for walking (mean change = -0.10). 40.36 % of the total sample saw a change in
their income over the past two years. Likewise, a similar proportion of the sample (43.50%) had a change in their
work or work place location. 14.35% percent of the total participants had a change in marital status. Almost a quarter
of the total sample (27.35%) had a change in household size or structure (for example, had children, children moved
out of the house, or started caring for an elderly or sick relative). In addition, 60.09% of the total sample were movers
and 39.91% non-movers.

The summary of changes in average daily total trips and average daily non-work trips by driving, transit, and
walking are shown in table 2. The change in average daily trips (both total and non-work) by all three modes were
negatives meaning that the there was an overall decrease in an average number of daily trips in the whole sample. A
similar pattern was observed in participants whose walkability decreased or unchanged. There was a decrease in
average daily total trips by auto (mean change = -0.31) and an increase in average daily total trips by transit (mean
change = 0.03) and walking (mean change = 0.12) in the participants whose walkability increased. For the same group,
average daily non-work trips by auto and transit decreased (mean change auto = -0.09, mean change transit = -0.03).
However, there was an increase in an average daily non-work trips by walking for the participants with increased
neighborhood walkability (mean change = 0.28). The two-sample t-test showed a significant difference (p-value =
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0.007) in the change in average daily home-based non-work walking trips between the participants whose
neighborhood walkability decreased or remained the same, and the participants whose neighborhood walkability
increased.

Table 1 Summary of socio-demographic characteristics and key variables of interest

N =223
Mean (SD) or Count (%)

Socio-demographics (baseline)

Age 35.68 (+13.80)
Gender
Male 74 (33.33%)
Female 148 (66.67%)
Ethnicity
Non-Caucasian 87 (39.01%)
Caucasian 136 (60.99%)
Education
High school or lower 20 (8.97%)
Some college degree or higher 203 (91.03%)
Change in urban form
Walkability Index
Decreased or unchanged 155 (69.51%)
Increased 68 (30.49%)
Regional Accessibility
Decreased or unchanged 147 (65.92%)
Increased 76 (34.08%)
Change in neighborhood preferences
Preference for a walkable neighborhood -0.42 (£3.05)
Preference for a neighborhood with mixed uses -0.05 (£3.31)
Preference for affordable housing 0.01 (x0.84)
Change in travel mode preferences
Preference for auto 0.00 (£0.87)
Preference for transit 0.00 (£0.89)
Preference for walking -0.10 (+0.81)
Life Events
Change in Income
No change 133 (59.64%)
Change 90 (40.36%)
Change in work status/location
No change 126 (56.50%)
Change 97 (43.50%)
Change in marital status
No change 191 (85.65%)
Change 32 (14.35%)
Change in household size
No change 162 (72.65%)
Change 61 (27.35%)
Residential relocation
Moved to a new neighborhood 89 (39.91%)
Stayed in the same neighborhood 134 (60.09%)

Note: Because of missing data, the total count may not match the total sample size(N)
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Table 2: Change in travel behavior by walkability groups (t-test results)

Total Sample Change in walkability
(N= 223) Decreased or unchanged Increased P-value
(N = 155) (N = 68)
Mean (SD) Mean (SD) Mean (SD)

Total trips
A Total auto trips -0.17 (+1.35)  -0.11 (¥1.33) -0.31 (+1.40) 0.19
A Total transit trips -0.02 (+0.85)  -0.04 (+0.88) 0.03 (+0.77) 0.74
A Total walk trips -0.13 (+1.39)  -0.25 (+1.38) 0.12 (+1.38) 0.25
Non-work trips
A Auto trips -0.04 (x0.87)  -0.02 (+0.89) -0.09 (+0.84) 0.46
A Transit trips -0.03 (+0.51)  -0.03 (+0.52) -0.03 (£0.49) 0.60
A Walk trips -0.04 (+0.92)  -0.17 (+0.92) 0.28 (+0.85) 0.007***

Note: A denotes the change measured in continuous scale: p<0.1; **p<0.05; ***p<0.01

5.2. Total trip models result

Table 3 shows the results of the OLS regression model for changes in total average daily trips by walking, transit,
and auto. The effect of an increase in neighborhood walkability on total average daily walk trips was significant (§ =
0.43, SE=0.22, p < 0.05,); increase in neighborhood walkability did not have a significant effect on transit use and
driving. The change in regional accessibility had a significant positive effect on the change in total average daily walk
trips (B = 0.53, SE = 0.22, p< 0.05) and a marginally significant effect on the change in total average daily transit trips
(B =0.27, SE = 0.14, p <0.1). Some of the neighborhood preference factors had a significant effect on mode usage,
especially the change in preference for a neighborhood with mixed uses had a significant negative impact on the
change in the total average daily auto trips (3 =-0.07, SE = 0.03, p < 0.05). Likewise, there was a marginally significant
negative effect of the change in preference for affordable housing on the change in average total daily walk trips (B =
-0.19, SE = 0.11, p < 0.1). The change in auto preference had an inverse effect on the change in total average daily
walk trips (B =-0.39, SE = 0.10, p < 0.01) whereas, the change in preference for walking had a positive impact on the
change in total average daily walk trips (B =-0.23, SE = 0.11, p < 0.05). The relationship between change in preference
for transit and change in transit use for the daily trips was marginally significant but in the expected direction (f =
0.11, SE = 0.06, p <0.1). Among the four life events factors included in the models, only the change in marital status
had a significant negative effect on transit use (p = -0.33, SE = 0.15, p <0.05). Moving had a significant negative
effect on total transit use (p =-0.34, SE = 0.15, p <0.05). Because of the missing variables, the number of observations
in the three models was less than the total sample (n = 204 vs. N= 223). All models had a moderate model fit with
adjusted R-square 0.30, 0.21, and 0.31 for walk trip, auto trip, and transit trip models respectively.

5.3. Non-work trip models result

The results of the OLS models for changes in average daily non-work trips by walking, transit, and auto are
summarized in table 4. There was a significant positive effect of an increase in neighborhood walkability (B = 0.34,
SE = 0.14, p <0.05) on the change in average daily non-work walk trips. The effect of an increase in regional
accessibility the walk trips was marginally significant but in expected direction ( = 0.24, SE = 0.15, p <0.1). Like the
total trip models, there was a significant negative effect of the change in preference for a neighborhood with mixed-
use on the change in average daily auto trips (B = -0.05, SE = 0.02, p <0.01). The effect of the change in preference
for affordable housing had a significant inverse effect on the change in average walk trips (p = -0.19, SE = 0.07, p <
0.01). The change in auto preference had a significant negative impact on the change in walk trips (f = -0.19, SE =
0.06, p < 0.01). Similarly, the change in preference for walking had a significant negative impact on the change in
auto trips (p = -0.16, SE = 0.08, p < 0.05) and a marginally significant positive impact on the change in walk trips (
=-0.16, SE = 0.08, p < 0.05). Change in income had a significant positive impact on the change in walk trips (p =
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0.28, SE =0.14, p < 0.05) whereas the change in marital status had a significant negative effect on the change in transit
trips (B = -0.24, SE = 0.10, p < 0.05). Change in work or work place location had a marginally positive effect on the
change in transit trips (f = 0.12, SE = 0.07, p < 0.1). The effect of residential mobility was not significant for all the
three modes of transportation. The regression models had a moderate model fit with adjusted R-square 0.36, 0.19, and
0.30 for walk trip, auto trip and transit trip models respectively. In addition, because of the missing variables, the
numbers of observations were also different in the three models from the total sample (n = 199 vs. N = 223).

Table 3 -Effect of the changes in the built environment on travel behavior (total trips)

Change in total trips

A Walk trips A Auto trips A Transit trips
p (SE) p (SE) p (SE)

Constant -0.02 (0.45) -0.09 (0.46) 0.51+ (0.28)
Change in urban form (ref: decreased or unchanged)
Increase in neighborhood walkability 0.43+ (0.22) -0.14 (0.23) 0.09 (0.13)
Increase in regional accessibility 0.53+ (0.22) -0.10 (0.23) 0.27+ (0.14)
Change in neighborhood preferences
A preference for a walkable neighborhood 0.03 (0.03) 0.01 (0.03) 0.02 (0.02)
A preference for a neighborhood with mixed uses -0.01 (0.03) -0.07= (0.03) 0.01 (0.02)
A preference for affordable housing -0.19+ (0.11) -0.01 (0.11) 0.002 (0.06)
Changes in travel mode preferences
A preference for auto -0.39+ (0.10) 0.09 (0.10) -0.03 (0.06)
A preference for transit -0.12 (0.10) 0.04 (0.11) 0.11+ (0.06)
A preference for walking 0.23+(0.11) -0.18 (0.11) -0.05 (0.07)
Life events (ref: no change)
Change in income 0.12 (0.22) -0.14 (0.22) 0.04 (0.13)
Change in work status/location 0.02 (0.19) 0.03 (0.20) 0.18 (0.12)
Change in marital status -0.06 (0.25) 0.23 (0.26) -0.33+ (0.15)
Change in household size or household structure -0.02 (0.21) -0.05 (0.22) -0.002 (0.13)
Residential mobility (ref: stayed in the same neighborhood)
Moved to a new neighborhood -0.36 (0.24) 0.17 (0.25) -0.34~ (0.15)
Observations 204 204 204
R? 0.36 0.28 0.37
Adjusted R? 0.3 0.21 0.31
Residual Std. Error (df = 185) 1.18 1.23 0.73
F Statistic (df = 18; 185) 5.83*** 3.95%** 6.03***

Note: All models controlled for ethnicity, gender, age, education, and travel behavior at baseline: p<0.1; **p<0.05; ***p<0.01:
A denotes the change measured in continuous scale
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Table 4 -Effect of the changes in the built environment on travel behavior (non-work trips)

Change in total non-work trips

A Walk trips A Auto trips A Transit trips
B (SE) B (SE) B (SE)

Constant -0.31 (0.29) -0.09 (0.30) 0.30+ (0.17)
Change in urban form (ref: decreased or unchanged)
Increase in neighborhood walkability 0.34+ (0.14) -0.07 (0.15) 0.03 (0.08)
Increase in regional accessibility 0.24+ (0.15) -0.20 (0.16) 0.06 (0.09)
Change in neighborhood preference
A preference for a walkable neighborhood 0.01 (0.02) 0.02 (0.02) 0.02 (0.01)
A preference for a neighborhood with mixed uses 0.001 (0.02) -0.05+ (0.02) -0.003 (0.01)
A preference for affordable housing -0.19+ (0.07) 0.05 (0.07) 0.001 (0.04)
Changes in travel mode preferences
A preference for auto -0.19~ (0.06) 0.09 (0.07) -0.03 (0.04)
A preference for transit -0.01 (0.07) 0.05 (0.07) 0.05 (0.04)
A preference for walking 0.13+(0.07) -0.16+ (0.08) 0.005 (0.04)
Life events (ref: no change)
Change in income 0.28+ (0.14) -0.11 (0.15) 0.05 (0.08)
Change in work status/location -0.14 (0.13) -0.05 (0.13) 0.12+(0.07)
Change in marital status 0.08 (0.16) 0.27 (0.17) -0.24* (0.10)
Change in household size or household structure -0.09 (0.13) -0.06 (0.15) -0.05 (0.08)
Residential mobility (ref: stayed in the same neighborhood)
Moved to a new neighborhood -0.05 (0.15) 0.22 (0.16) -0.13 (0.09)

Observations 199 199 199

R? 0.42 0.26 0.36

Adjusted R? 0.36 0.19 0.3

Residual Std. Error (df = 180) 0.75 0.81 0.44

F Statistic (df = 18; 180) 7.18%** 3.50%** 5.62%**

Note: All models controlled for ethnicity, gender, age, education, and travel behavior at baseline: p<0.1; **p<0.05; ***p<0.01:
A denotes the change measured in continuous scale

6. Discussion

This study is one of the few studies that examine the effect of neighborhood built environment on travel behavior.
Using residential relocation as an opportunity to explore the impact of the change in neighborhood built environment
on travel behavior, this study shows that an increase in neighborhood walkability leads to an increase in walking trips
independent of preferences and life events. This finding is consistent with the existing literature that has demonstrated
a strong relationship between neighborhood built environment and walking (Frank, et al. 2007, King, et al. 2011,
Carlson, et al. 2015). The significant positive effect of the change in neighborhood walkability on home-based non-
work trips is also consistent with existing cross-sectional studies that have examined the relationship between the
neighborhood built environment and home-based non work trips (Cao, Mokhtarian and Handy 2009, Manaug and El-
Geneidy 2011, Frank, Bradley, et al. 2008). This study did not find a significant effect of the change in neighborhood
walkability on the auto use and transit use. This could be because auto trips and transit trips are determined by factors
like vehicle availability, distance to work, transit service quality, etc. The existing literature also suggests that
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neighborhood walkability has a limited impact on auto use (Stevens 2017). Likewise, higher neighborhood walkability
may not necessarily mean high access to transit facilities (Southworth 1997) and therefore, an increase in
neighborhood walkability alone may not be enough to increase transit usage.

The change in regional accessibility also had a significant impact on travel behavior. Increase in regional
accessibility had a significant positive effect on total walk trips and a marginally positive effect on non-work walk
trips. Other studies have also shown that having higher regional accessibility is associated with higher levels of
walking (Cho and Rodriguez 2014 , Brown, et al. 2014, Frank, et al. 2010, Huang, Moudon and Zhou, et al. 2017).
However, the marginally significant effect of regional accessibility on walking for non-work trips could be because
of the nature of non-work trips by walking. Studies have found that non-work walk trips are short distance and
therefore may not be affected by the macro-level built environment characteristics such as the change in regional
accessibility (Saelens, Sallis and Frank 2003). This study also found a marginally significant effect of the change in
regional accessibility on transit use for total trips. Though non-significant, the effect of the increase in regional
accessibility on auto trips was in the expected direction. The highly walkable built environment and the efficient transit
service at urban centers may coincide with the increase in total walking trips and transit usage (Hong, Boarnet and
Houston 2016, Huang, Moudon and Zhou, et al. 2017).

This study also examined the effect of various factors related to neighborhood preferences and travel preferences
on travel behavior; the results have important implication for planners and policymakers. Even though the effect of
neighborhood preference for mixed uses on walking was not significant, there was a significant inverse effect of the
change in preference for a neighborhood with mixed uses on auto trips. Therefore, policies geared towards changing
preferences for a mixed-use neighborhood can also be useful in changing auto use. Another significant finding from
this study is the inverse effect of preference for affordable housing on walk trips. The finding suggests that people
who move to neighborhood based on affordability may walk less. One possible explanation for such a relationship
could be the lower cost of housing in a neighborhood with minimal amenities that support walkability; the suburban
areas which are mostly less walkable are often considered an option for affordable housing. Studies have shown that
walkable neighborhoods tend to be less affordable (Talen 2010, Koschinsky and Talen 2015). Likewise, low supply
of walkable neighborhood can lead to an increase in housing cost in the walkable neighborhood which can push people
to move to less walkable but more affordable neighborhoods (Frank and Kavage 2009). Our results show that a higher
preference for walking contributes to more walking but reduces driving for non-work trips. Likewise, a higher auto
preference has an adverse effect on walk trips. These results show that preference has an additional impact on travel
behavior in conjunction with the effect of urban form. These results are consistent with studies that have studied the
effect of preference and attitudinal predisposition on travel behavior and argued that travel is not merely a derived
demand with disutility but has a positive utility (Mokhtarian, Salomon and Redmond 2001, Ory and Mokhtarian 2005,
Cao, Mokhtarian and Handy 2009).

Among the various life events examined in this study, there were some notable effects of life events on travel
behavior. The change in income had a significant positive effect on the non-work walk trips. Studies have shown a
significant association between walking and income level (Agrawal and Schimek 2007, Yang and Diez-Roux 2012).
Since the models only use change in income, further analysis (t-test) was done to examine the nature of change in
income (decrease vs. increase) and its effect on the walk trips (table 5 in appendix). The test showed that those whose
income decreased or did not change in time two walked more for non-work trips that those whose income increased
in time two. This finding is consistent with the cross-sectional studies that have shown a positive relation between
lower income and walking level (Yang and Diez-Roux 2012). In addition to the effect on change in income, change
in marital status had a significant negative effect on transit trips. Because the study did not ask the participants about
the marital status, we were not able to further examine how the change in marital status (married vs. single) impacted
transit usage. This study also found a marginally significant positive effect of the change in work or work location on
transit use. Like marital status, we are not able to examine how the change in work affected transit use.

This study has several limitations. First, though this study examined the effect the change in built environment,
neighborhood preference and travel preferences on travel behavior and found some significant effects, it could not
adequately capture the effect of life events on travel behavior. Since the effect of life events on travel behavior take
longer to appear, the research design used in this study may not have fully captured the effect. Other studies that have
examined the effect of life events have used longer time frame to examine the effect of the life events on travel
behavior. Second, though this study uses a robust study design, the small sample size can have a significant effect on
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the power of the study. The small sample size is a common problem in studies using longitudinal design because of
the high attrition of participants. This was exacerbated by the challenge of following residential movers. Furthermore,
limited funding was also a big reason that limited us from including more time points in our data. Third, the findings
from this study might be specific to the geographic boundary and might be generalizable to another geographic and
cultural context. Future studies can address the limitations of this study while examining the effect of the change in a
neighborhood built environment and travel behavior using residential relocation approach.

7. Policy Implication

The findings from this study have four significant implications for planning and public policy. The first implication
is related to the role of the built environment on travel behavior. The findings on the impact of the change in
neighborhood walkability provide substantial evidence supporting the current efforts made by planners at the different
levels of government to create walkable communities. The positive effect of regional accessibility on walking and
transit trips shows that regional urban structure also has a significant impact on travel behavior. Studies have shown
both local and regional built environment features affect travel behavior (Handy 1992, Cho and Rodriguez 2014 ).
This highlights the need for regional governments to work toward increasing regional accessibility by investing in
multimodal transportation infrastructure. Planners should therefore not only focus on making neighborhoods walkable
at the local level but also work on making the neighborhood well connected to the regional urban centers.

The second implication of this study is the significant role of preference and attitudinal predisposition on travel
behavior. Studies have already highlighted the need for soft policies targeted towards changing preferences and
attitudes (Anable 2005, Hong, Boarnet and Houston 2016). Informational and educational measures like
individualized marketing, public information campaign, and social media campaign are some of the approaches that
can be used to influence preferences and attitudes (Garling and Fuji 2009). Studies have shown that such policies are
affecting in influencing preference and leading to a change in travel behavior. The mass media campaign like
TravelWise in the UK can be useful in changing public attitudes (Jones and Sloman 2003). In addition, more
personalized approaches like Travel Feedback Program which are tailored towards influencing behavior at the
individual level can also be effective in changing travel behavior (Fujii and Taniguchi 2006). Using such soft
approaches in conjunction with policies targeted towards the objective built environment, planners can formulate plans
and policies to manage travel demand effectively.

The third implication of this study is the need for increasing affordable housing in the walkable neighborhood. This
study showed that preference for affordability has an adverse effect on walk trips. Cities should, therefore, be more
aggressive in implementing policies to create a more walkable neighborhood to meet the demand for a walkable
neighborhood. Amending the local development codes and zoning regulations that favor high density, mixed uses,
and multimodal transportation network can have a significant effect in increasing the stock of walkable neighborhood
to address high housing cost in a walkable neighborhood. Some of the examples include laneway housing or ancillary
dwelling unit which can help increase rental housing stock in a walkable neighborhood. Likewise, inclusionary zoning
can also be an effective legislative tool that municipalities can implement to increase affordable housing in a walkable
neighborhood (Lerman 2006). Cities can also implement programs such as Living Smart Program initiated by the City
of Portland Oregon (US Department of Housing and Urban Development 2018) for developing housing in smaller
lots with small ground coverage to minimize the housing cost. Though these policies should be implemented after
rigorous public input and engagement, these policies can provide a guiding framework to address housing affordability
in a walkable neighborhood. The fourth implication of this study is the need to account for the effect of life events on
travel behavior. Rather than using one size fits all approach in formulating land use and transport policies, planners
and policymakers should also account the travel pattern and needs of the people in different stages of life (Zhang and
Van-Acker 2017).

In addition to these policy implications, the geographic context of this study also has a significant policy
implication for regional and municipal government in Metro Vancouver. Metro Vancouver, especially the city of
Vancouver, have ambitious plans aiming to make a significant increase in non-motorized transportation, a significant
decrease in per capita vehicle miles and creating communities that have diverse housing choices (Metrovancouver
2011, City of Vancouver 2012). Although the region is making good progress by investing in public transit, urban
greenways, and walkable neighborhood, the findings from the study provide significant evidence regarding the need
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for policies geared towards addressing preferences, attitudes, affordability and the mobility needs of people at different
life stages.

8. Conclusion

This study examined whether changes in the built environment are associated with changes in travel behavior. It
used residential relocation as an opportunity to examine the effect of the changes in the built environment on travel
behavior. It examined the effect of the change in neighborhood walkability in a change in travel behavior by
simultaneously accounting for changes in neighborhood preferences, travel preferences, travel attitudes and lifestyle
factors. The results of the study provide substantial evidence supporting the effect of a change in neighborhood built
environment on travel behavior. Notably, the increase in neighborhood walkability can have a significant positive
impact on walking trips. Since walking has numerous benefits related to physical, mental, social and environmental
well-being, the findings from this study support the rationale for creating a more walkable neighborhood. The findings
on the effect of changes in neighborhood preferences, travel preferences, travel attitudes and lifestyle factors indicate
that policies targeted towards changing preferences and attitudes are equally important to change travel behavior.
Likewise, the findings on the adverse effect of neighborhood affordability on walking behavior highlight the need for
increasing housing affordability. Additionally, the findings of the study also suggest that the travel behavior is affected
not only by the built environment, and preferences but also by life events.
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Table 5: Change in travel behavior by the change in income (t-test)

Change in income

Decreased or unchanged Increased
P-value
N =159 N =62
Total trips
A Total auto trips -0.26 (+£1.44) 0.06 (+1.09) 0.12
A Total transit trips 0.03 (£0.89) -0.12 (£0.73) 0.22
A Total walk trips 0.03 (£1.29) -0.53 (£1.55)  0.007***
Non-work trips
A Auto trips -0.09 (+0.88) 0.10 (+0.85) 0.16
A Transit trips 0.01 (£0.55) -0.15 (2£0.39) 0.040**
A Walk trips 0.11 (+0.86) -0.38 (x0.97)  0.0004***

Note: 4 denotes the change measured in continuous scale: p<0.1; **p<0.05; ***p<0.01




