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Executive summary

People walk a lot—to walk pets, to exercise and recreate, and to access public transit and local
shops. Walk trips begin and end almost every journey, even trips made by automobile. Data
from the current California Household Travel Survey (CHTS) show that walking occurs more
than trips by both transit and bicycle, making it the second most common travel mode in
California. Yet outside of select case studies in specific metropolitan areas, we know very little
about walking behavior in California. An improved understanding of the determinants of walking

will aid efforts to reduce driving and achieve greenhouse gas emission reduction targets.

In this study we draw on data from the last two California Household Travel Surveys to
examine walking behavior in four major California regions—the San Francisco Bay Area, Los
Angeles, Sacramento, and San Diego. The study includes four components; analyses of (a) the
change in walking over time (b) the relationship between walking and the built environment (c)
the determinants of change in walking over time and (d) the relationship between changes in
neighborhood characteristics and changes in walking. In each of the analyses, we pay particular
attention to differences across these four metropolitan regions. We pair our statistical analysis
with a set of interviews intended to understand whether and how walking trips are included in

regional travel demand models.

We find that, although walking remains a relatively small share (9%) of trips within the study
area, walking rates have increased dramatically over time. The share of trips by walking grew
almost twofold since 2001; from 5 percent to 9 percent. Moreover, while the share of walking
trips is relatively small, walking mode shares are nine times higher than the percentage of trips
taken by public transit or bicycle.

We further find that the decision to walk can be explained by a number of different factors
including characteristics of the person, household, trip, and built environment as well as the

region in which the trip occurs.

We find that built environment characteristics are positively related to both (a) walking mode
share and (b) changes in walking mode share over time. However, compared to other factors,
built environment characteristics have a relatively small effect on walking, a finding that is
consistent with other walking studies. However, our data also show that the characteristics of
neighborhoods are slowly changing over time in ways that are conducive to walking, for
example increasing housing and employment densities. Further, there is a strong relationship
between walking and trip distance, which also is influenced by the built environment,

particularly the quantity and quality of very local destinations.



With respect to the interviews, we find that most Metropolitan Planning Organizations (MPOs)
have shifted to activity-based models, which are better suited to understanding walking
compared to the traditional 4-step model. However, these models can be enhanced to
improve their attention to and treatment of walking. There remains a mismatch between the
goals of travel demand models (largely focused on the supply and demand for travel as
represented by the highway and transit network) and walking. Additionally, travel demand
modelers lack high quality, longitudinal data on the pedestrian volumes, flows and the

pedestrian environment.

Combined, our analysis provides the basis for a set of recommendations to encourage walking
and to better incorporate walking in future data collection efforts and regional travel demand

models. These include:

I. A focus on increasing intersection densities and providing better pedestrian route

directness.

2. Targeting changes in the built environment to population groups that already exhibit
relatively high rates of walking. These changes might include addressing safety and crime
issues as well as other issues affecting the pedestrian environment in low-income and
immigrant neighborhoods where a disproportionate number of households do not own
automobiles. Future developments may also involve improving the proximity of family-
and child-oriented amenities, such as high-quality schools and childcare facilities, which
may increase opportunities for walking by members of households with young children,

who are already more inclined to walk than their peers.

3. Adopting planning efforts to provide very local access (within a '2 mile) to important
destinations (e.g. parks, gyms, and other fitness venues, restaurants, cultural institutions,

and schools).

4. Collecting additional data on (a) walking behavior, (b) pedestrian volumes and location,
and (c) the pedestrian environment over time.



I. One step at a time: Introduction

Walking is an important travel mode. As numerous scholars have shown, walking can
potentially contribute to positive health outcomes, promote social interaction, and enable
access to opportunities particularly among individuals who cannot drive (Kuzmyak, Baber, &
Savory, 2006). Walking also has the collateral benefit of having a small environmental footprint,
potentially helping to relieve congestion and global warming. Finally, walking is an important
mode because it is a significant way in which people travel. After automobile trips, walking is
the second most common travel mode. According to data from the 2001 National Household
Travel Survey (NHTS), there were more than 42 billion walk trips per year comprising more
than 10 percent of all trips in the US (Agrawal & Schimek, 2007).

Despite its prevalence, walking tends to be one of the most understudied modes of travel
(Krizek, Handy, & Forsyth, 2009). One reason for this may be the difficulty in obtaining suitable
data. National travel surveys, such as the NHTS, tend to systematically underreport walk trips
(Agrawal & Schimek, 2007; Clifton & Krizek, 2004). Moreover, the sample sizes for national
surveys do not lend themselves to detailed analysis of specific cities and neighborhoods, since it
is rare for more than a very few households from the same neighborhood to be included in the
survey sample. While data from the Decennial Census and the American Community Survey
allow for more fine-grained spatial analysis, they only contain data on walking as part of the
journey to work (Plaut, 2005). Among all walk trips, only four percent are taken as part of the
trip to or from work; in comparison, almost 50 percent of walk trips are related to shopping,
errands, and personal business (Agrawal & Schimek, 2007). Consequently, existing studies tend
to rely on regional travel survey data; see, for example, studies on Atlanta (Frank, Kerr, Sallis,
Miles, & Chapman, 2008); Austin (Cao, Handy, & Mokhtarian, 2006); the Twin Cities (Forsyth,
Hearst, Oakes, & Schmitz, 2008; Forsyth, Oakes, Schmitz, & Hearst, 2007); the Bay Area
(Agrawal, Schlossberg, & Irvin, 2008; Cervero & Duncan, 2003); Portland (Agrawal et al., 2008);
and urbanized King County, Washington (Lin & Moudon, 2010; Moudon et al., 2007).

The existing body of research suggests that the amount of walking is influenced by a host of
factors including: individual and household characteristics, trip purpose and time, and

characteristics of the built environment.

Individual and household characteristics: Most studies show that individual and household
characteristics are the most influential characteristics in predicting walking behavior (Cervero &
Duncan, 2003). For example, lower-income walkers tend to walk more for utilitarian trips

(shopping and social events) and less for recreation compared to higher-income walkers.



Trip characteristics: Trip distance and purpose also influence the decision to walk. For transit
planners, distances of up to a half mile are commonly considered to qualify as “walking
distance” (Guerra, Cervero, & Tischler, 2012). According to data from the National Household
Travel Survey, the mean and median walk distance in the U.S. are 0.7 and 0.5 miles respectively
(Yang and Diez-Roux, 2012). Walk trips are a common part of the travel behavior of transit
commuters because walking is the predominate mode of access to transit (Lachapelle & Noland,
2012). People also walk for other types of local trips including trips for shopping, recreation,
and to walk pets (Handy & Clifton, 2001; Santos, McGuckin, Nakamoto, Gray, & Liss, 201 1).

Built environment: There is a growing scholarship on the relationship between walking trips and
the built environment (see Handy, 2005; Owen et al., 2004; Saelens & Handy, 2008; Saelens, et
al., 2003 for reviews of the literature). Overall the findings from these studies are mixed. Early
research by Cervero and Radisch (1996) suggests that walking trip demand is more elastic than
the demand for commute trips; the choice to make trips by foot, therefore, would be more
sensitive to neighborhood characteristics and rates of vehicle ownership. Indeed, some scholars
find that walking is more likely to occur in high-density neighborhoods where there is a mix of
land uses (Badland & Schofield, 2005) and origins and destinations are proximate (Agrawal &
Schimek, 2007; Badland & Schofield, 2005; Handy, 2005; Saelens et al., 2003). Other scholars
find that while built environment characteristics are associated with walking trip purpose and
location, they are not associated with how much people walk (Forsyth et al., 2008, 2007;
Oakes, Forsyth, and Schmitz, 2007). Finally, the relationship between the built environment and
walking varies across population groups (Forsyth et al., 2009) as well as neighborhood types
(Blumenberg et al., 2015; Ralph et al., 2016; Voulgaris et al., forthcoming).

In this report, we extend the existing body of scholarship on walking by analyzing data from the
2001 and 2012 California Household Travel Survey (CHTS), a sample of some 42,000
households in the state. We examine walking in the four largest urbanized regions—the Bay
Area, Los Angeles, Sacramento, and San Diego—areas that comprise approximately 60 percent
of the state’s population. See Map | for the location of our study area.
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Map |. Study area: Bay Area, Los Angeles, Sacramento, San Diego

Our analysis centers on explaining changes in walking over time and, in particular, the role of
the built environment as a determinant of change. We analyze the percentage of trips taken by
walking. To assemble a data set that is consistent between the two survey years, we analyze
linked trips, defined as a change in location with the purpose of participating in non-travel
activities. Walk trips are defined as those for which all segments took place by walking.

In our study areas, walking increased substantially from 2001 to 2009 from 5 percent of all trips
to 9 percent. As Figure | shows, walking rates rose across all four metropolitan areas;
however, the rate of increase varied by region. In both time periods, walking rates were
highest in the Bay Area. However, Sacramento and San Diego experienced the greatest
increases in walking over this period.

We pair our statistical analysis with a set of interviews intended to understand whether and
how walking trips are included in regional travel demand models.



Figure I. Increase in walking mode share by metropolitan area - 2001 to 2012
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More specifically, this research addresses the following five questions:

5.

Have walking rates changed over time!?

What are the determinants of walking and, in particular, is there a relationship between
the built environment and walking?

What explains the change in walking over time?

Is there a relationship between changes in neighborhood characteristics and changes in
walking?

How can walking be better incorporated into regional travel demand models?

The following bullet points summarize our major findings and are organized around the above

research questions:

Walking

Walking rates increased over time. As we note above, the share of trips by walking
grew almost twofold from 2001 to 2012 from 5% to 9%. Over this time period, the
rate of change was highest in Sacramento and San Diego; however, walking rates were
highest in the Bay Area in both survey periods.

Walking remains a relatively small share (9%) of all trips. However, this percentage is

nine times higher than the percentage of trips taken by public transit or bike.

Walking rates are highest among those without driver’s licenses, adults with children
ages 5 to 12, non-workers, and immigrants. They are also highest in very dense urban

areas and, among our study areas, in the Bay Area.

From 2001 to 2012, walk trip distances declined from .9 miles to .5 miles.
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e The 2012 travel survey is large and appears to have captured a significant number of
walk trips. In comparison, however, the sample of walk trips in the 2001 survey is
relatively small. Moreover, trip data in the two surveys were assembled differently,

complicating analyses of change over time.

Determinants of Walking

¢ Like other studies, we find that walking can be explained by a number of different
factors including characteristics of the individual, household, trip, and the built
environment as well as geographic location (in this case, residential location in one of

the four metropolitan areas in our study).

e Thereis a positive and statistically-significant relationship between walking and the built

environment.

* The built environment has a relatively small effect on walking compared to other factors
such as individual, household, and trip characteristics (e.g. distance and purpose). Trip
distance is a function of having proximate destinations and is therefore related to the

built environment.

* Factors with a strong association with walking include: trip distance, trip purpose

(particularly for home-based fitness trips), and the absence of a driver’s license.

Explanations for the Change in Walking over Time

* Observed changes in the built environment are positively associated with changes in

walk rates over time.

* There are two types of built environment effects: (a) changes in the characteristics of
the built environment toward environments conducive to walking and (b) changes in the

effect of the built environment on the likelihood of walking.

* Characteristics of the neighborhood (density, age of housing stock, percent youth) are
associated with walking. The magnitude of their effects has remained constant over

time.

* Neighborhood characteristics have a relatively small effect on changes in walking
compared to other factors such as (a) individual, household, and trip characteristics and

(b) changes in the magnitude of their effect on walking.

* Trip characteristics (trip distance and purpose) have the greatest effect on the likelihood

of walking; the magnitude of these effects has increased over time.
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* There is a lack of built environment data by neighborhood over time. Consequently,
the analysis relies on a limited set of neighborhood characteristics included in the U.S.

Census.

Changes in Neighborhood Characteristics and Changes in Walking

* Changes in neighborhood characteristics are associated with changes in walking.

* The poverty rate is negatively related to walking; an increase in poverty is associated

with a decline in walking mode share.

* Intersection density is positively related to walking; an increase in the number of

intersections per acre is associated with an increase in walking mode share.

*  The ability to construct longitudinal analyses of walking is limited by the small sample
size of the 2001 household travel survey as well as the lack of built environment data by

neighborhood over time.

Walking and Regional Travel Demand Models

* Most of the Metropolitan Planning Organizations (MPOs) that are responsible for
regional transportation planning within our study areas have shifted to activity-based
models, which are better suited to understanding walking compared to the traditional 4-

step model.

* Notable issues and gaps still exist including (a) a mismatch between the goals of travel
demand models (largely focused on the supply and demand for travel as represented by
the highway and transit network) and walking and (b) the lack of high quality,
longitudinal data on the pedestrian volumes, flows and the pedestrian environment,

sidewalks specifically.

The analysis has a few shortcomings that are important to note. First, there are some data
limitations that constrained our analysis including a relatively small sample size in 2001,
inconsistencies in the reporting of walk trips between the two survey years, and the lack of
longitudinal data on the built environment of neighborhoods. Second, there is a self-selection
bias related to residential location. Some respondents who are inclined to walk also may be
more likely to live in “walkable neighborhoods.” Studies show that controlling for residential
self-selection tends to diminish, but not eliminate, estimates of the effects of the built

environment on travel behavior (Cao et al., 2006; Ewing & Cervero, 2010; Handy, Cao, &



Mokhtarian, 2005; Mokhtarian & Cao, 2008; Zhou & Kockelman, 2008). Further, Levine et al.
(2005) argue that residential self-selection is one of the means by which the built environment

can influence travel behavior, especially if particular types of built environments are

undersupplied. Finally, while we find a relatively small relationship between the built

environment and walking, travel distance has a strong effect on walking and also is strongly

associated with characteristics of the built environment, particularly local access to

opportunities.

The findings of this study suggest the following recommendations, which we highlight in greater

detail in the conclusion in each of the subsequent chapters.

The data suggest that planners can facilitate walking by emphasizing increased
intersection densities and providing better pedestrian route directness. However,
substantial increases in walking can only occur with equally substantial changes in the

built environment.

Changes in the built environment targeted to population groups that already exhibit
relatively high rates of walking also may increase walking. These changes might include
addressing safety and crime issues in low-income neighborhoods where a
disproportionate number of households do not own automobiles. They may also
involve improving the proximity of family- and child-oriented amenities, such as high-
quality schools and childcare facilities, which may increase opportunities for walking by
members of households with young children, who are already more inclined to walk

than their peers.

Walk trips tend to be short. Therefore, planning efforts to provide very local access
(within a /2 mile) to important destinations (e.g. parks, fitness venues, schools, cultural
institutions, etc.) would increase the likelihood that some of these trips are taken on

foot.

Additional data are needed on (a) walking behavior, (b) pedestrian volumes and location,
and (c) the pedestrian environment over time to support future analyses of travel
behavior as well as regional travel models. Larger sample sizes are important,
particularly since a relatively small percentage of trips are walk trips. Moreover, the
data ought to be collected and assembled consistently over time to facilitate longitudinal

analyses.

We organize this report as a set of separate analytical chapters. In Chapter Two, we analyze

data from the 2012 CHTS to examine the relationship between walking and the built

environment. Working with the most recent data allows us to associate the microdata data
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(data on trips and the individuals who make them) with a full complement of built environment
characteristics (including data on the pedestrian environment from Walk Score®).' In Chapter
Three, we aggregate data from the two travel surveys to examine the determinants of change in
walking over time. In Chapter Four, we shift the unit of analysis from the trip to the census
tract. In this chapter we explore the relationship between changes in the characteristics of
census tracts and changes in walk rates over time. Finally, in Chapter Five, we report on the
findings from our interviews with planners and regional travel demand modelers. Each chapter
includes an associated literature review, discussion of methodology, and a set of policy
recommendations.” Additional analyses and data including tables and maps by region and county

are included in the Appendices.

'Data provided by Redfin Real Estate https://www.redfin.com
This report structure helps to explain why the content of the literature review in each of the analytical chapters
overlaps.


https://www.redfin.com
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Il. Are these streets made for walking? Walking and the built environment in
California

Introduction

Planners, environmentalists and public health officials hope that by refashioning America’s
roadways to encourage pedestrian activity, cities will experience a plethora of social and
environmental benefits. Their premise is that cities where more people walk to complete their
daily activities will be full of healthy people, thriving businesses and socially-connected
neighborhoods. Although it is difficult to isolate causality, a growing body of research shows
relationships between walking and pedestrian-friendly neighborhoods and a number of
outcomes measures including lower obesity rates (Frank et al., 2004; Murphy et al., 2007),
higher property values (Pivo & Fisher, 201 |; Rauterkus & Miller, 201 1), increased social capital
(Leyden, 2003; Rogers et al., 201 1), improved quality of life (Talen 2002; Jaskiewicz & Besta,
2014), and better access to opportunities (Cerin et al., 2007).

Given the many purported benefits of walking, urban planners have championed “walkability”
through a variety of infrastructure projects and initiatives. The names, Great Streets, Safe
Streets, Complete Streets, and so on, convey the enthusiasm of planners for creating more
walkable neighborhoods. However, specific definitions of and measures of walkability are
needed if we are to evaluate the success of these efforts. While there is no shortage of possible
measures of walkability — the search for a single walkability measure is frustrated both by the
multi-dimensional character of the built environment and a lack of readily available built
environment data for all possible scopes (e.g. for national, regional, or local studies), scales (e.g.

with data measured at the city, neighborhood, or parcel level), and time periods.

The purpose of this analysis is to identify the relationships between several walkability measures
and to determine the degree to which such measures predict the likelihood of walking. We
draw on data from the 2012 California Household Travel Survey to determine how walking
varies within California’s four major metropolitan areas —the Bay Area, Los Angeles,
Sacramento, and San Diego— and compare this distribution to that of various measures that
have been proposed by researchers to quantify walking behavior. We then estimate a logistic
regression model to determine how well these measures of the built environment predict the
likelihood that a trip will take place by walking, controlling for trip, individual, and household
characteristics.

Our analysis is organized as follows. We first examine existing research on the factors
influencing travel behavior generally and the choice to walk more specifically. Following this

review, we present descriptive statistics on differences in walking across urban areas and
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neighborhood types. As might be expected, there is more walking in the San Francisco region
and in “old urban” areas, neighborhoods with very high-densities and transit supply. We then
estimate a trip-level model to identify the factors related to the likelihood a trip will be
completed by walking, controlling for individual, household, trip, and built environment

characteristics and geographic location (e.g. metropolitan area).

Our findings suggest that all these factors influence the choice to walk. However, individual,
household and regional variables influence the choice to walk to a much greater degree than
built environment factors, a finding consistent with other research on this topic. We suggest
policymakers, planners and engineers recognize some groups are more likely to take walk trips
than others and consider prioritizing areas where these people live for improvements to the

walking environment.
Literature review: Walking and the built environment

Neighborhood and built environment characteristics influence travel decisions and behavior. In
their meta-analysis of existing literature on this topic, Ewing and Cervero (2010) find that built
environment variables have an inelastic relationship with most travel outcomes. With respect
to walking behavior, the variables with the largest effects include diversity of land use, access to
destinations and intersection density. Nevertheless, they conclude that in concert, multiple built
environment variables may exhibit large effects on walking behavior even after accounting for
socio-demographic characteristics. Their analysis builds on several previous studies which
consider the individual and sometimes overlapping components of the built environment that
affect travel behavior, such as density, diversity (of land use), design, destination accessibility,
distance to transit, and pedestrian amenities (An & Chen 2009; Cervero & Kockelman, 1997;
Ewing & Cervero, 2001, 2010; Ewing & Handy, 2009; Mathews et al., 2009).

The goal in studying each of these individual components is to determine which environmental
aspects encourage or dissuade walking. In some cases, specific measures—employment density,
residential density, or distance to commercial businesses—serve as proxies for these

dimensions. We briefly discuss these measures in turn below.

Density

Many studies report a strong positive correlation between various measures of density and
walking outcomes: population density (Agrawal & Schimek, 2007; Forsyth et al., 2008;
Greenwald & Boarnet, 2001; Kim & Susilo, 2013); employment density (An & Chen, 2009;
Woang, 2012); and residential density (Rajamani et al., 2003). The relationship between density

and walking behavior is likely nonlinear (Christiansen et al., 2016). Density of a certain
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magnitude may provide, what Forsyth et al. (2008) refer to as, a “critical mass” to energize
street life with people walking. But, critical density is unlikely achieved without many of the
other built environment characteristics also known to encourage walking trips. Therefore,
density variables run the risk of overlapping with other built environment variables, in
particular, proximity to destinations and diversity of land uses. When considering density as a
walking determinant, an aptly mentioned question in Forsyth et al. (2008) asks: “Once this
critical mass of land use variety has been reached, will more mix matter?” Moreover, an
increasing number of destinations, density and diversity of land-use could eventually lead to
diminishing returns (Christiansen et al., 2016). At some threshold, increased density may

produce negative effects such as congestion that may influence affect modal decisions.
Proximity to destinations

Do people walk more when there are nearby places to go? In California, more than 25 percent
of California Household Travel Survey respondents reported that the greatest barrier to
walking was having “no place interesting to go” (McGuckin, 2012). Thus, it would seem likely
that increased proximity to desirable places (shopping, restaurants, parks, etc.) would motivate
individuals to make more walking trips. This assumption is supported by many scholars who find
a relationship between walking trip frequency, population density and destination proximity
(Handy et al., 2006; Kim & Susilo, 2013; McGuckin, 2012; Saelens & Handy, 2008). These factors
are likely interrelated: proximity to destinations increases with density and vice versa (Saelens &
Handy, 2008). Perceived proximity may also affect walking. Handy et al. (2006) find a positive

correlation between both perceived and objective proximity to destinations and walking.

Proximity to certain types of destinations may matter more than others. Are people more
likely to walk to a nearby transit stop than to school? Some studies examine the relationship
between walking and proximity to shopping districts (as well as the spatial distribution and
number of shopping destinations within an area). However, existing research does not address

which destination types are most strongly correlated with walk trips.

Diversity of land use

Areas with higher density and more proximate locations likely have a more diverse mix of land
uses; therefore, the mix of land uses may also be relevant in the relationship between walking
frequency and density (Kim & Susilo, 2013). A number of studies find a positive correlation
between mixed-land uses and walking or non-motorized travel (Forsyth et. al., 2008; Kim &
Susilo, 2013; Rajamani et al., 2003).
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Street connectivity

The connectivity of street networks, or “directness or ease of travel between two points” also
emerges as a feature of the built environment pertinent to walking (Forsyth et al., 2008a-quoted
Saelens et al., 2003). Streets are commonly aligned in a gridiron pattern in older cities and
neighborhoods. This pattern gives rise to smaller blocks, more intersections, and shorter
distances from one intersection to the next. Conversely, newer or suburban environments
typically comprise neighborhoods with branching street networks and intersections. These

street connectivity patterns, or typologies, have been used as a proxy for urban sprawl
(Barrington-Leigh & Millard-Ball, 2015).

Many researchers posit that the number of linkages between streets or connections induce
walking. Wang (2012) measures connectivity as the density of four-way intersections and finds a
positive relationship with non-motorized trips. Ewing and Cervero (2010) find a higher average
elasticity between intersection and street density than other design variables. Interestingly, they
find a negative elasticity associated with percentage of four-way intersections. They note that
this measure of connectivity does not fully account for block length, which they believe explains
the discrepancy. Finally, Oakes et al. (2007) use block size as measure for connectivity and find
an increase in leisure walking with no effect on travel walking. The connectivity results, thus,
appear mixed, although they do represent a worthy attempt to quantify discernable patterns in
urban design.

Barrington-Leigh and Millard-Ball (2015) suggest average nodal degree as a useful measure of
street connectivity and as a proxy for sprawl. Average nodal degree is the average number of
legs at each intersection within an area (such as a census block group or tract). For example,
the end of a cul-de-sac has a nodal degree of one, and a four-legged intersection has a nodal
degree of four’. Neighborhoods with the highest average nodal degree are those with dense

grid networks and few dead-ends.

3See Appendix C for a detailed and graphic representation of this concept.
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Walkability composite measures

No single measure of the built environment appears to have a predominant or “magical”
influence on people’s choice to walk. Rather, certain characteristics in combination create
places where people are likely to walk. Various researchers have devised or used composite
measures of walkability to capture multiple characteristics of the built environment; these
include Walk Score® (Foti & Waddel, 2014; Manaugh & El Geneidy, 201 |; Weinberger & Sweet,
2012), neighborhood typologies (Blumenberg et al., 2015; Voulgaris et al., forthcoming),
walkability index (Frank et al., 2005), and Sprawl Index (Hamadi et al., 2015).

Walk Score® is a commercial product that rates neighborhoods on a scale from [-100 of
walkability, from “car-dependent” to “walker’s paradise.”* The algorithm counts destinations
across a number of categories (shopping, culture, dining, etc) by their distance and then
penalizes places with low population density or intersection connectivity. A number of studies
have tested the reliability of Walk Score® and find it to be correlated with components of
neighborhood walkability including street connectivity, access to public transit, and residential
density (Carr et al,, 2010; Duncan et al., 2012).

Weinberger and Sweet (2012) find that Walk Score® is a reasonable predictor of walking
behavior, and can successfully be used to model the likelihood of walking across various trip
purposes. Their analysis also suggests that threshold effects exist with respect to Walk Score®;

the largest gains in walking trips occur between Walk Scores® of 50 and 100.

Manaugh and El-Geneidy (201 |) compared multiple walkability indices, including Walk Score®
and walkability index, and their effectiveness in predicting walking behavior across various trip
purposes. They find, and are supported by later work by Koschinsky et al. (2016) that
walkability indices have a greater impact on wealthier and larger households. In other words,
elasticities are much higher for these groups, and relatively inelastic for low-income individuals.
This finding is consistent with other research concluding that socioeconomic factors have the
largest influence on a person’s likelihood to make a walk trip (Ewing & Cervero, 2010; Ewing et
al., 2014; Handy & Clifton, 2001). Public health researchers have used Walk Score® to examine
the relationship between walkability and obesity rates (Wasserman et. al, 2014).

*Data were provided by Redfin Real Estate, https://www.redfin.com
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Blumenberg et al. (2015) and Voulgaris et al. (forthcoming) apply factor analysis and cluster
analysis to develop a categorical composite measure of the built environment. They classify
census tracts in the United States into one of seven distinct neighborhood types: Rural, New
Development, Patchwork, Urban Residential, Old Urban, and Mixed Use (or Job Center). Of
these, they find that “New Development” neighborhoods are the most car-dependent and “Old

Urban” neighborhoods are the least car-dependent.
Transportation versus leisure walking

Some environmental features that are conducive to utilitarian walk trips (e.g. proximity to
destinations) may not be conducive to recreational walk trips. For example, Lee and Moudon
(2006) find an inverse relationship between the presence of “hills” and recreational and
utilitarian walking. “Hills” may be related to more walking for recreation but less walking for
transport. Additionally the presence of transit, sidewalks, streetlights and connected land uses
(among others) appear to have negative associations with recreational walking but are positively
related to utilitarian walking (Forsyth et al., 2008). Therefore, trip purpose, at least in terms of
utilitarian versus recreational purposes, should be considered when understanding the
determinants of walking behavior. Other scholars suggest that walking for transportation may
actually replace walking for recreation, an idea referred to in public health and other literature
as an “activity budget” (Forsyth et al., 2008; Oakes et al., 2007). The concept behind the activity
budget is that, as with time, individuals make tradeoffs depending on how much total activity
they deem necessary. A person may forgo their recreational walk around the neighborhood for

a walk to work or school, and vice versa.
Data and descriptive analysis

We draw on the built environment and walking literature in assembling our analysis of walking
in California’s large metro regions. The 2012 California Household Travel Survey (CHTY) is the
primary data source for this study. Conducted by the California Department of Transportation,
the CHTS collects travel data on an approximate ten-year cycle from households throughout
California. Members of participating households completed travel diaries with detailed
information about all trips and activities during a pre-assigned 24-hour period, where dates
were assigned to ensure that data were collected for every day for a full year. Upon completing
the travel diary, survey participants reported their travel through a computer-assisted
telephone interview or by returning the travel diaries by mail.

Our analysis is limited to adult survey respondents living in one of California’s four major
metropolitan areas: the Bay Area (San Francisco, Marin, San Mateo, Contra Costa, and Alameda

counties), Los Angeles (Los Angeles and Orange counties), Sacramento (Sacramento, Placer, El
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Dorado, and Yolo counties), and San Diego (San Diego county) (see Map |). These regions
and their component counties make up more than 60 percent of the state’s population
(California Department of Finance, 2016). Since the study focuses on intra-metropolitan travel,

we exclude from our analysis any trips that were longer than 150 miles.

Also, the study centers on utilitarian trips where the primary mode was walking. Thus, a trip is
defined as a change in location with the purpose of participating in non-travel activities.
However, the 2012 CHTS also includes information on trips with a purpose of changing
transportation modes (walking to a transit station or a remote parking location, for example) as
well as loop trips (for instance, going on a walk for exercise, where the trip begins and ends in
the same location). In order to limit our analysis to utilitarian walk trips, we removed all loop
trips from the data set and linked all mode-changing trips together to identify the trips’ ultimate
origins and destinations. Walk trips are defined as trips for which all segments took place by

walking.

Figure 2 shows how the walking mode share differs by metropolitan region. In this and other
figures throughout this paper, error bars indicate 95-percent confidence intervals. Walking is
highest in the Bay Area (13%) and lowest in Sacramento (5%).

Figure 2. Walking mode share by MSA

Woalking mode share of

Los Angeles Bay Area Sacramento San Diego

For the purposes of this analysis, we defined ten different trip purpose categories, which we
differentiated based on activities at trip origins and destinations. Most of these categories are
self-explanatory. Home-based fitness trips are not loop trips (such as recreational walks or bike
rides that begin and end at home), but rather trips to a location for fitness activities, such as a
gym, a fitness class, or a park. Home-based errands include trips for health care, banking, or
other household business. Home-based shopping trips include trips for both routine shopping

and shopping for major purposes. Home-based social/culture trips include trips for recreation

18



(except exercise), entertainment, visiting friends, and participation in civic and religious

activities.

Figure 3. Distribution of walk trips and non-walk trips by trip purpose
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Walk trips differ from non-walk trips in terms of both trip purpose and trip length. As Figure 3

shows, home-based work trips, home-based errands trips, and trips that do not begin or end at

work or at home are underrepresented among walk trips. Work-based trips, home-based
shopping trips, and home-based fitness trips are overrepresented among walk trips. This

difference is most dramatic for home-based fitness trips. While only four percent of non-

walking trips are home-based fitness trips, this category represents eighteen percent of all walk

trips. With an average trip distance of a half-mile, walk trips are also substantially shorter than

non-walk trips, which are just over six miles long, on average.

19



Figure 4. Differences in individual-level characteristics between walkers and non-
walkers
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In addition to these trip-level differences, the 2012 CHTS data also allow us to compare
individual-level characteristics of people who made at least one survey-day walk trip (walkers)
to those who traveled exclusively by other modes on the survey day (non-walkers). On
average, walkers are slightly younger (by about eight months) than non-walkers, but this
difference is not significant at a 95-percent confidence level (remember that our analysis does
not include children). Figure 4 illustrates differences between walkers and non-walkers in terms
of sex, driver’s licensure, employment, disability, and nativity. Perhaps surprisingly, walkers are
about as likely as non-walkers to have a disability. Walkers are more likely than non-walkers to
be female, to be without a driver’s license, not to be employed or looking for work, and to be

foreign-born.

We also compare walking households (those in which at least one household member is a
walker) to non-walking households. The average income of a walking household is about
$78,000 per year. The average income of a non-walking household is higher at about $85,000
per year. However, the median incomes for both walking and non-walking households are
equal: $61,000 per year. The average household size for both walking and non-walking
household is also the same: 2.9 people. However, walking households have fewer vehicles per
driver. Non-walking households have an average of one vehicle per driver, and walking
households have an average of 0.8 vehicles per driver. Furthermore, although walking and non-

walking households are, on average, the same size, the age profile of household members is
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different. As shown in Figure 5, the youngest person in a walking household is more likely to be

a teen and less likely to be a toddler than the youngest person in a non-walking household.

Figure 5. Youngest household member by walking and non-walking households.
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The confidential data from the 2012 CHTS includes the latitude and longitude coordinates for
each trip end. Using these coordinates, we geocoded each trip origin to a census block group.
This allows us to examine possible relationships between walking and the built environment.

For data on the built environment, we turned to three different sources:

e Tract neighborhood types (Blumenberg et al., 2015; Voulgaris et al., forthcoming)
e Block group® Walk Score®®
e Block group nodal degree (Barrington-Leigh & Millard-Ball 2015)

Figure 6 draws on the neighborhood types developed in Blumenberg et al. (2015) and Voulgaris
et al. (forthcoming) and shows the distribution of both walk trips and non-walk trips by
neighborhood type in our four metropolitan regions. Walk trips are underrepresented in the
three suburban neighborhood types (New Development, Patchwork, and Established Suburb),
and overrepresented in Old Urban and Mixed Use (which we now label as “Job Center”)
neighborhoods. The percentage of total walk trips that originate in Old Urban neighborhoods is
more than twice the share of total non-walk trips that originate in those neighborhoods.

*Walk Score® is a point-based measurement. The score for each block group is based on the population-weighted
center of that block group.
®Data were provided by Redfin Real Estate https://www.redfin.com

21


https://www.redfin.com

Figure 6. Distribution of walk trips and non-walk trips by neighborhood type
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Another way to compare walking between neighborhood types is by the walking mode share
within each type, as show in Figure 7. Again, Old Urban neighborhoods are unique. The walking
mode share in Old Urban neighborhoods is seventy percent higher than that of Job Center

neighborhoods, which have the next-highest walking mode share.

Figure 7. Walking mode share by neighborhood type
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As Figure 8 shows, the average Walk Score® for the origin of a walk trip is about fifteen points
higher than the average Walk Score® for the origin of a non-walk trip. This difference persists
for each of the destination-type component Walk Scores® and varies from || points for the

errands Walk Score® to |9 points for the culture Walk Score®.
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Figure 8. Average Walk Score® for the origin block groups of walk trips and non-
walk trips
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The average nodal degree of the street network in a walk-trip origin block group is 3.1, which is

higher than that of a non-walk-trip origin block group, which is 2.8. Although this difference is

small, it is statistically significant at a 95-percent confidence level.

Figure 9. Relationship between a block group's Walk Score®, street network
connectivity and walking mode share
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As shown in Figure 9, there is a positive but weak relationship between a block group’s Walk
Score® and the walking mode share of trips that originate there, and also between the average
street network nodal degree within a block group and the walking mode share of trips that
originate there. Interestingly, Walk Score® and nodal degree are more highly correlated with

one another than either measure is with the walking mode share within a block group.

Figure 10 presents box plots to illustrate how Walk Score® and average nodal degree vary by
neighborhood type. Rural and New Development neighborhoods have the lowest Walk
Scores® and average nodal degree; Old Urban and Job Center neighborhoods have the highest
scores on both measures; and Patchwork, Established Suburb, and Urban Residential

neighborhoods fall somewhere in the middle.

Figure 10. Box plots of variation in Walk Score® and street network connectivity by
neighborhood type
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Modeling methodology

To better determine the relationship between the built environment characteristics described
above and walking in California’s major metropolitan areas, we incorporated them into a

logistic regression model predicting the likelihood that a particular trip will be a walk trip.

Several prior studies of walking behavior predict mode shares at the person or neighborhood
level.” Others researchers have modeled mode choice at the trip level, and have found that

trip-level characteristics such as trip length and purpose have important effects on mode

"See, for example, Cao et al. (2006), Forsyth et al. (2007), Forsyth et al. (2009), Joh et al. (2015) and Lee &
Moudon (2006).
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choice.® By specifying our model at the trip-level, we are able to control for these trip-level

relationships in our analysis of the relationship between walking and the built environment

Person-level and neighborhood-level models typically analyze built-environment effects on
mode share by estimating relationships between shares of walk trips and the built-environment
characteristics of travelers’ residential locations. However, many trips have origins or
destinations that are outside the traveler’s residential neighborhood. In fact, as shown in Figure
3, about thirty percent of all trips have both an origin and a destination that was not the
traveler’s home. By estimating a trip-level model, we are able to control for the built-
environmental characteristics of trip origins, rather than only characteristics of the traveler’s

residential location.

Table | lists the variables that we include in our logistic regression model. We control for
twelve trip, individual, and household characteristics in order to find the independent
relationship between the likelihood of walking and each of three built environment variables.
We estimate three models: the first predicts walking mode choice based only on the MSA
where the traveler lives; the second adds the control variables from Table | which describes
trip, individual, and household characteristics; and the third adds the variables describing the
built environment. By comparing the model fit among these models, we can determine the
overall effect of the built environment (as described by Walk Score®, neighborhood type, and

street connectivity) on the odds of walking for a particular trip.

8 See, for example, Cervero & Duncan (2003) and Kockleman (1997).
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Table I. Variables included in logistic regression model

Variable Variable Variable
name Description level type
Trip distance Trip distance in miles Trip Control
Trip purpose Categorical variable indicating one of the ten trip purposes Trip Control
shown in Figure 3, with home-based work as the omitted value.
Age Age of the respondent in years. Included as (age + age?). Person Control
Sex Categorical variable for the sex of the respondent, with male as  Person Control
the omitted value.
Driver’s license  Categorical variable for whether the respondent is a licensed Person Control
driver, with the lack of a driver’s license as the omitted value.
Employment Categorical variable indicating one of three employment Person Control
categories: employed, unemployed (looking for work), and not
in labor force (neither employed nor looking for work), with
employed as the omitted value.
Disability Categorical variable indicating whether the respondent is in one  Person Control
of three disability categories: No disability, mobility disability, or
other disability, with no disability as the omitted value.
Nativity Categorical variable indicating whether the respondent is native ~ Person Control
born or foreign born, with native-born as the omitted value.
Household size  The number of people in the respondent’s household. Household Control
Vehicles per The number of household vehicles per licensed driver Household Control
driver
Income Log-transformed annual household income Household Control
Youngest Categorical variable indicating whether the youngest person in Household Control
household the household is in one of five age categories: Baby (younger
member than two years old), toddler (two to four years old), child (five
to twelve years old), teenager (thirteen to 17 years old), or
adult (older than 17 years old), with adult as the omitted value.
Metropolitan Categorical variable for one of four metropolitan statistical Metropolitan  Geographic
statistical area  areas: Los Angeles, the Bay Area, Sacramento, or San Diego, statistical
with Los Angeles as the omitted value. area
Walk Score® Overall Walk Score® in units of ten Walk Score® points Census Built
block group  environment
Neighborhood  Categorical variable for one of the seven neighborhood types Census tract  Built
type shown in Figure 6 with Established Suburb as the omitted value. environment
Average nodal  Average nodal degree of the street network Census Built
degree block group  environment
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Model results

Table 2 compares the model fit for each of the three models in terms of the Akaike Information
Criterion (AIC) and R? as well as the coefficients for the MSA indicator variables. The model
explains about one percent of the variation in the decision to walk by MSA alone. When we
include variables describing trip, individual, and household characteristics, the predictive power
of the model increases significantly; this model explains 45 percent of the variation in the
decision to walk. Adding the built environment variables provides an even better fit, but the
difference is relatively minor; the full model explains an additional two percent of the variation

in the decision to walk for a particular trip.

Table 2. MSA effects and logistic regression model fit
MSA plus control

Model: MSA only variables Full model
Model Fit

AIC 52,848 26,513 25,943

R? 0.01 0.45 0.47
MSA Effects (relative to Los Angeles), 95-percent confidence interval
Bay Area 0.68-0.78 0.47 - 0.61 0.40 — 0.55
Sacramento -0.35--0.15 -0.42--0.16 -0.24 - 0.02
San Diego -0.23 —-0.04 -0.13-0.11 -0.02 -0.23

By comparing the MSA effects from the three models, as shown in Table 2 and illustrated in
Figure | |, we can determine the degree to which the control variables and the built
environment variables each explain differences in walking mode shares among the four MSAs.
The left set of bars in Figure || show that the odds that a trip will take place by walking are
greater in the Bay Area and lower in Sacramento and San Diego than in Los Angeles (the odds
that a trip will take place by walking is about the same in Sacramento as in San Diego). This is
consistent with the mode shares shown in Figure 2. The middle set of bars shows that when we
add controls for trip, individual, and household characteristics, the difference between Los
Angeles and San Diego disappears, indicating that this difference can be primarily explained by
non-built-environment characteristics. The right set of bars shows that when we add built
environment characteristics, we have explained most of the difference between San Diego,
Sacramento, and Los Angeles, although the odds of walking continue to be higher in the Bay

Area for reasons that are not included in the model.
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Figure |11. Effects of MSA on the odds of walking
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Table 3 shows the magnitudes of the relationship between the built environment variables and

the decision to walk for a particular trip, based on the results of the full model. A ten-point

increase in block-group’s Walk Score® is associated with a nine percent increase in the odds

that a trip originating there will take place by walking. A one-degree increase in the average

nodal degree of the street network within a block group is associated with a 23 percent

increase in the odds that a trip originating there will take place by walking.

Table 3. Relationships between built environment characteristics and the odds of

walking
Built environment variable Estimate Standard error  95-percent confidence interval
Walk Score® (in units of 10) 0.09 0.01 007 to 0.1l
Average nodal degree 0.23 0.04 0.15 to 03I
Neighborhood type (relative to Established Suburb)
Rural 0.45 0.18 009 to 08I
New Development -0.03 0.08 -0.18 to 0.12
Patchwork -0.07 0.05 -0.17 to 0.04
Urban Residential -0.02 0.05 -0.12 to 0.08
Old Urban 0.21 0.06 0.10 to 0.32
Job Center 0.44 0.05 033 to 0.54

Note: Gray text indicates that the 95-percent confidence interval includes zero and the variable is not significant at

a 95-percent confidence level

The difference in the odds of walking on a trip beginning in an Established Suburb neighborhood

and a New Development, Patchwork, or Urban Residential neighborhood are not significantly

different at a 95 percent confidence level. However, the odds that a trip will take place by
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walking is 21 percent greater if it begins in an Old Urban neighborhood and 44 percent greater
if it begins in a Job Center neighborhood than if it begins in an Established Suburb
neighborhood. The high densities and land use diversity within these neighborhood types might
help explain these results. However, trips beginning in Rural neighborhoods are also 45 percent
more likely than trips beginning in Established Suburb neighborhoods to take place by walking,
when we control for Walk Score®, network connectivity, and trip, individual, and household
characteristics. This is consistent with the observations in Figure 7 and Figure 10, which show
that Rural neighborhoods have a moderate walking mode share in spite of having relatively low

Walk Scores® and street network connectivity.

For comparison, Table 4 shows the estimated coefficients for the control variables in the full
model.” Most of the control variables do have a significant relationship with the odds of walking,
although the magnitudes of these relationships vary substantially. The relationship between trip
distance and the odds that a trip will take place by walking is the most dramatic: a one-mile
reduction in trip distance is associated with a 240 percent increase in the odds that the trip will
take place by walking. A similar increase in the odds of walking are associated with a home-
based fitness trip purpose (207 percent more likely to be a walk trip than a home-based work
trip would be) or with the lack of a driver’s license (177 percent more likely to be a walk trip

than a trip by a person with a driver’s license would be).

’For most control variables, the coefficient estimates in the model that excluded the built environment variables
was within the 95-percent confidence interval of the coefficient estimates in the model that included them (shown
in Table 4). Exceptions were for the non-home-based work trip purpose, household size, and number of vehicles
per driver. The magnitudes of the coefficients for those three variables were greater when built environment
variables were not included in the model.
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Table 4. Relationships between control variables and the odds of walking

Estimate Standard error  95-percent confidence interval

Trip characteristics
Trip distance (miles) -2.40 0.03 247 To -2.34
Trip purpose (relative to home-based work)

Non-home-based work 0.26 0.09 009 To 042

Other non-home-based -0.78 0.08 -093 To -0.63

Home-based errands -0.31 0.08 -046 To -0.15

Home-based shopping -0.05 0.08 -021 To O.11

Home-based culture 0.31 0.09 0.14 To 048

Home-based dining 0.30 0.10 0.1 to 050

Home-based fitness 2.07 0.08 190 to 223

Home-based school 1.06 0.19 0.69 to 1.43

Home-based other 043 0.20 005 to 0.82
Individual characteristics
Age 0.03 0.01 0.0l to 0.04
Age squared -3.8x10* 6.5x107 -5.0x10* to  -2.5x10*
Sex (relative to male)

Female -0.05 0.03 0.1l to 0.0l
Driver’s license (relative to unlicensed)

Licensed -1.77 0.06 -1.89 to -1.64
Employment (relative to employed)

Unemployed 0.14 0.08 -0.0l to 0.29

Not in labor force 0.17 0.04 009 to 0.25
Disability (relative to no disability)

Mobility disability -0.68 0.10 -088 to -047

Other disability -0.75 0.11 -096 to -0.53
Nativity (relative to native-born)

Foreign-born 0.10 0.04 002 to 0.18
Household characteristics
Household size -0.11 0.02 -0.15 to -0.08
Vehicles per driver -0.82 0.04 -090 to -0.73
Income (log-transformed) -0.01 0.02 -005 to 0.03
Youngest household member (relative to adult)

Baby 0.28 0.11 008 to 049

Toddler -0.01 0.08 -0.16 to 0.14

Child -0.05 0.06 -0.16 to 0.06

Teen -0.17 0.07 -031 to -0.04

Note: Gray text indicates that the 95-percent confidence interval includes zero and the variable is not significant at
a 95-percent confidence level
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Discussion

Overall, trip, individual, and household characteristics explain more of the variation in the
decision to walk than do characteristics of the built environment, as shown by the small
increase in model fit that is achieved from adding the built environment variables to the control

variables.

The differences in the odds of walking that can be explained by specific individual characteristics
are also, for the most part greater than the differences explained by specific built environment
characteristics. For example, the difference in the odds of walking associated with having a
driver’s license is four times the difference that would be expected based on a fifty-point
difference in Walk Score®. The difference in the odds of walking for a trip beginning in an
Established Suburb neighborhood (the most common neighborhood type in the study area)
compared to those for a trip beginning in an Old Urban neighborhood (the neighborhood type
with the most walking), would be about the same as the difference between a trip by an
employed person and one by a person who is not in the labor force. A trip by a person with a
disability in a block group with an average nodal degree of about four (a perfect grid network)
as likely to be a walk trip as one by a person with no disability in a block group with an average
nodal degree of about one (where all streets are dead ends).

In fact, holding all of the control variables constant, the greatest difference in the odds of
walking that we would expect to observe based on varying all of the built environment variables
from their minimum possible values to their maximum possible values would be a change of

about 75 percent —the equivalent of reducing a trip’s distance by about a third of a mile.

These findings are consistent with prior studies that suggest that socioeconomic factors have
greater effects on mode choice than characteristics of the built environment (Ewing & Cervero
2010) and that dramatic changes in the built environment are required to achieve moderate
changes in travel behavior. For example, a meta-analysis by Ewing and Cervero (2010) finds that
a doubling in density (measured as population density, employment density, or commercial
floor-area ration) is associated with increases in walking of about seven to four percent; a
doubling of diversity and destination accessibility measures (an entropy index, job-housing
balance, distance between homes and stores, or number of jobs within one mile) is associated

with increases in walking of 15 to 25 percent.
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Conclusion

Although the built environment has less of an effect on the decision to walk than trip, individual,
and household characteristics, these effects are not unimportant for planners and policy makers
who seek to increase utilitarian walking. In general, planners and policy makers can do little to
influence the individual and household characteristics of travelers (and to the extent that they
can, they probably should not). They do, however, have a variety of tools at their disposal to
facilitate the development of built environments that are conducive to walking. The results of
this study suggest that such tools can have modest but real effects on the choice to walk for a

particular trip.

This study does not assess potential relationships between the built environment and trip
characteristics other than mode. However, such relationships could offer planners and policy-
makers an opportunity to indirectly influence walking mode choice by reducing trip distances,
particularly to destinations that correspond with trip purposes that are associated with greater

odds of walking, such as fitness, culture, school, and dining.
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lll. The increase in walking: What role for the built environment?
Introduction

Data show that rates of walking have increased over time (Ham et al., 2005; Joh et al., 2015;
Pucher et al, 201 |; Simpson et al., 2003; Tudor-Locke et al., 2007; U.S. Department of
Transportation, 2010). Using a variety of sources and measures, these studies document recent
changes in walking in the U.S. Yet very few of these studies analyze the determinants of these
changes, the focus of our work. In this analysis, therefore, we examine changes in walking in
California. We draw on data from the 2001 and 2012 California Household Travel Surveys to
determine whether there has been an increase in walking in the four major metropolitan
regions in the state—the Bay Area, Los Angeles, Sacramento, and San Diego—where more
than 60 percent of the state’s population resides. We then use a set of logistic regressions to
identify changes in the individual, household, trip, and built-environment characteristics that we

predict explain the observed increase in walking across all four metropolitan regions.

We find that the change in walking has been due to a change in the composition of the
population toward population groups more likely to be “walkers,” those who take any trips by
walking, as well as an increase in the effect of some characteristics on walking over time. With
respect to the first, the changes include a substantial decline in the percentage of the population
with driver’s licenses, the percentage of the population who are employed, and the average
number of vehicles per driver. Neighborhood characteristics have also shifted in ways that are
conducive to walking. Three characteristics—trip length, the share of home-based fitness trips,
and the share of the study population living in the Bay Area—not only changed in a direction
consistent with increased walking, but the influence of these factors on walking also increased

between 2001 and 2012, magnifying the effect of these changes.

This demonstrates that substantial changes in walking mode share are possible through the
combination of a variety of factors, even when the effect of each individual factor may be small.
It also suggests that the relationship between walking mode share and trip, household, and
neighborhood characteristics can vary over time. This highlights to importance of frequent

calibration and validation of models used to predict walking mode share for planning purposes.
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Change in walking

Data from a variety of sources show an increase in walking rates over time in the U.S. (See
Appendix A for a summary of these studies.) The National Household Travel Survey (NHTYS), a
national inventory of daily travel in the U.S., shows that the percentage of trips taken on foot
increased from 8.6 percent in 2001 to 10.4 percent in 2009 (Santos et al., 201 I). There was
also a 28 percent increase in the number people accessing transit by walking from 2001 to 2009
(Freeland et al., 2013). Due to inconsistencies in collecting data on walk trips, identifying where
this upward trend began is difficult (Clifton & Krizek, 2004). Traditional travel surveys tend to
undercount short trips, many of which are taken on foot (Stopher & Greaves, 2007), and the
NHTS only began specifically instructing survey respondents to report walk trips in 2001
(Santos et al., 201 1). However, there is some evidence that walking mode shares in the United
States have been increasing since as early as 1995. For example, in a study of short trips (one

mile or less) Ham et al. (2005) find an increase in walking mode share between 1995 and 2001.

Walking rates have increased according to data from other studies, a finding that validates the
trends from national travel surveys. For example, the Behavioral Risk Factor Surveillance
System (BRFSS) is sponsored by a number of federal agencies including the Centers for Disease
Control and Prevention, and is the nation's premier system of health-related telephone surveys.
Data from the BRFSS show an increase in the prevalence of leisure walking from 1987-2000
(Simpson et al., 2003). Similarly, data from the American Heritage Time Use Study find an
increase in the percentage of adults that walks for exercise from 2.9 percent in 1985 to 5.4
percent in 2003 (Tudor-Locke et al., 2007). The duration of time adults spent walking for

exercise also increased from 30 to 45 minutes per day.

Increases in walking have not been uniform across population groups. Low-income adults,
women, minorities, and working-age adults have experienced the largest increases in walking
(Freeland et al,, 2013; Pucher et al., 201 I; Simpson et al., 2003). In contrast, rates of walking
among seniors have lagged (Pucher et al,, 201 1). Data from the 2001 and 2009 NHTS show that
the elderly (65 years and older) reported a decline across two measures — the percentage that
walked per week (45 percent to 41 percent) and the percentage that took five or more walk
trips per week (from 31 percent to 30 percent) (Pucher et al., 201 1). Increases in walking also
vary across cities. As might be expected, the percentage of workers that walk to work is
highest in large, dense cities such as Boston (15 percent), Washington, DC (12 percent) and
New York (10.3 percent) (McKenzie, 2014). However, among the largest 50 cities, only Atlanta,
Boston, Chicago, Cleveland, Omaha, Sacramento, San Jose, and Seattle experienced statistically
significant gains from 2000 to 2008-2012 in the percentage of people that walked to work
(McKenzie, 2014).
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Amidst these promising trends, these data suggest a few areas of concern. First, despite
numerous planning efforts aimed at creating walkable, mixed-use communities, there has been a
substantial decline in the percentage of commuters that walk to work. The walk commute
share fell from 5.6 percent in 1980 to 2.8 percent in 2008-12 (McKenzie, 2014). This finding
may or may not be troublesome since commute trips comprise only |6 percent of all trips
(Santos et al., 2011). Second, perhaps more problematic is the fact that despite increases in
walking, even people who are walking still are not active enough to meet national public health
goals. Simpson et al. (2003) find no increase in the prevalence of people meeting the
recommendation for moderate physical activity for at least 30 minutes per day, five or more

days per week. Only 20 percent met this goal, a figure well below the 30 percent target.

What explains observed increases in walking? There is a large and growing body of research on
the determinants of walking much of it focused on the relationship between the built
environment and walking behavior.'® Diverse in approach and data, these studies show that
socio-demographic factors such as age, race/ethnicity, immigrant status, household structure,
education, and income better predict walking behavior than attributes of the built environment.
Although less influential, the built environment—measured by characteristics such as density,
proximity to destinations, mixed-land use, and street connectivity—can also play a role.
Walkable neighborhoods may motivate walking; conversely families wanting to travel on foot

may move to neighborhoods where they can more easily walk to nearby destinations.

Very few studies have sought to explain increases in walking. There are a few exceptions. Joh
et al. (2015) use travel survey data for the Southern California region to predict changes in walk
trip share and rate from 2001 to 2009 across 46 Regional Statistical Areas, a geographic unit
used by the regional planning agency for determining socioeconomic development. They find an
association between increases in walking and increases in population, employment, and transit
service densities. The small sample size limited the number of variables included in their

analysis.

'%See Badland and Schofield (2005), Saelens and Handy (2008), Ewing and Cervero (2010), McCormack and Shiell
(2011) for reviews of this literature.
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A number of other studies attempt to isolate the effects of various interventions on walking.
Ogilvie et al. (2007) review |9 randomized controlled trials and 29 non-randomized controlled
studies and find that:

“Interventions tailored to people’s needs, targeted at the most sedentary or at
those most motivated to change, and delivered either at the level of the
individual (brief advice, supported use of pedometers, telecommunications) or
household (individualised marketing) or through groups, can encourage people
to walk more, although the sustainability, generalisability, and clinical benefits of
many of these approaches are uncertain.”

The most successful of these interventions increased walking by up to 30-60 minutes a week on
average, at least in the short term. A few studies examine the relationship between
infrastructure investments and walking. These studies suggest that safety improvements and
the provision of high-quality, traffic-free walking routes increased walking; the largest effects
were among individuals without automobiles (Boarnet et al., 2005; Goodman et al., 2014).
Additionally, studies of household travel behavior before and after the opening of light rail
systems find associations between light rail use and physical activity through walking (Brown et
al,, 2015; MacDonald et al., 2010).

Data

The primary data source for this study is the California Household Travel Survey (CHTS), a
survey conducted by the California Department of Transportation approximately every ten
years. The CHTS collects travel data from households throughout California. Members of
participating households completed travel diaries with detailed information about all trips and
activities during a pre-assigned 24-hour period, where dates were assigned to ensure that data
was collected for every day for a full year. Upon completing the travel diary, survey participants
reported their travel through a computer-assisted telephone interview or by returning the

travel diaries by mail.

We limited our analysis to adult survey respondents living in one of California’s four major
metropolitan areas: Los Angeles (Los Angeles and Orange Counties), the Bay Area (San
Francisco, Marin, San Mateo, Contra Costa, and Alameda counties), Sacramento (Sacramento,
Placer, El Dorado, and Yolo counties), and San Diego (San Diego county). Since the focus of
our analysis is on intra-metropolitan travel, we also excluded from our analysis trips that were

longer than 50 miles.
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Table 5. Differences in sample sizes between survey years

Unweighted sample size 2001 Survey 2012 Survey % change
Number of households 2,992 14,419 382%
Number of people 4,612 24,442 430%
Number of trips 20,248 93,918 364%

Our analysis relies on data from the 2001 and 2012 CHTSs. There were some important
differences in the survey methodology between the two years. First, the survey sample size was
much larger in 2012 than in 2001, as shown in

42



Table 5Table I I. Consequently, estimates of walking mode shares and other descriptive
statistics for 2001 have more uncertainty and wider confidence intervals than the same statistics
for 2012. Second, trips were defined differently between the two survey years. In 2001, a trip
was defined as a change in location with the purpose of participating in non-travel activities.
Thus, trips with a purpose of changing transportation modes (walking to a transit station or a
remote parking location, for example) were generally not included, nor were loop trips (for
instance, going on a walk for exercise, where the trip begins and ends in the same location). In
2012, both mode-changing trips and loop trips were counted as trips. In order to compare
travel between the two years, we removed all loop trips from the 2012 data set and linked all
mode-changing trips together to identify the trips’ ultimate origins and destinations. Walk trips
were defined as trips for which all segments took place by walking.

The confidential data from the CHTS includes the latitude and longitude coordinates for each
trip end. Using these coordinates, we geocoded each trip origin and destination to a census
block group. This procedure allows us to examine possible relationships between the likelihood
of walking and characteristics of the neighborhoods in which a trip takes place. There are no
longitudinal data sets characterizing the built environment in California over time. Therefore,
for this analysis, we relied on data from the 2000 and 2010 decennial censuses to determine
employment density, housing density, and the percentage of the population between the ages of

I8 and 24 for each block group in which a trip from our sample began or ended.

43



Methodology

Based on our review of the existing literature on determinants of walking mode choice, we
expect that the decision to walk is influenced by characteristics of the individual, the household,
the trip, and the neighborhoods in which the trip takes place (both the trip origin and
destination). We also anticipate that there may be additional differences in the likelihood of
walking among the four metropolitan areas included in our study and between the two survey

years. This conceptual model is illustrated in Figure 2.

Figure 12. Conceptual Model
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We began our analysis by examining the change in the walking mode share between 2001 and
2012. We then examined changes in the walk mode share by metropolitan area, the change in
walk trip distances, and changes in the individual and household characteristics of walkers

relative to non-walkers.

Next, we determined how much each of the variables thought to influence walking mode shares
have changed between 2001 and 2012. Then, in order to determine which of these changes
might help to explain the observed increase in walking in California’s major metropolitan areas,
we incorporated them into a set of logistic regression models predicting the likelihood that a

particular trip will be a walk trip.
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Several prior studies of walking behavior predict mode shares at the person or neighborhood
level.'' Others researchers have modeled mode choice at the trip level, and have found that
trip-level characteristics such as trip length and purpose have important effects on mode
choice'? By specifying our model at the trip-level, we are able to include these trip-level

relationships in our analysis.

Person-level and neighborhood-level models typically analyze 