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Abstract

Background—Walking distance is an important concept in the fields of transportation and
public health. A distance of 0.25 miles is often used as an acceptable walking distance in U.S.
research studies. Overall, research on the distance and duration of walking trips for different
purposes and across different population groups remains limited.

Purpose—This study examines the prevalence of walking and distances and durations of
walking trips for different purposes among U.S. residents.

Methods—The distances and durations of walking trips for different purposes across population
groups were compared using nationally representative data from the 2009 National Household
Travel Survey (NHTS). Distance decay functions were used to summarize the distribution of
walking distances and durations for different purposes and population subgroups. Data were
analyzed in 2011.

Results—Sixteen percent of respondents had at least one daily walking trip. The mean and
median values for walking distance were 0.7 and 0.5 miles, respectively. For walking duration, the
mean and median values were 14.9 and 10 minutes. About 65% of walking trips were more than
0.25 miles, and about 18% of walking trips were more than 1 mile. Large variations were found
among various purposes for both distance and duration. The distances and durations of walking for
recreation were substantially longer than those for other purposes. People with lower versus higher
household income walked longer distances for work but shorter distances for recreation.

Conclusions—Only a small fraction of respondents walk, but trips longer than 0.25 miles are
common. There is substantial variability in the distance and duration of walking trips by purpose
and population subgroups. These differences have implications for developing strategies to
increase physical activity through walking.

Introduction

Walking is associated with features of the built or social environment!= including proximity
to destinations® 7 as well as social features like safety or the presence of other walkers.8 9 In
the U.S., over the past 2 decades, 400 meters (0.25 miles or a 5-minute walk) has sometimes
been assumed to be the distance that "the average American will walk rather than drive”,10
and has been used as the value of acceptable walking distance in studies.19-15 However,
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research has also suggested that walking trips longer than 400 meters may not be
uncommon, and features of buffers larger than 400 meters have been linked to walking. For
example, destinations within 1500 meters were found to be associated with transport-related
walking.12 The mean walking-trip length and duration in the U.S. population were estimated
to be 0.62 miles and 16 minutes in 200116 and 0.61 miles and 12 minutes in 2009.17: 18

Despite the growth of research on the social and physical environmental features that may
be associated with walking, there is little evidence on the amounts and durations of usual
walking trips for different purposes among nationally representative samples of U.S.
residents.12 19 Agrawal and Schimek® described variations in walking-trip distance by
purposes and groups in a national U.S. sample in 2001. Pucher et al.1”- 18 compared the
frequency, duration, and distance of walking trips for U.S. adults between 2001 and 20009.
Several other existing studies® 20: 21 focused on specific areas, which restricts
generalizability to other contexts.

It is difficult to obtain valid estimates of the distribution of walking distances from surveys
due to the discrepancy between perceived distances and objective distances.22-24 Walking
duration is sometimes used as a proxy for walking distance,22: 25 but this may introduce
difficulties in estimating distances due to variations in walking speeds. Hence,
comprehensive studies that describe variations in both distances and duration of walking
trips are needed.26

Descriptive data on the distribution of the duration and distance of usual walking trips for
various purposes are useful in identifying possible targets for interventions to increase daily
walking. In addition, the variability observed across sociodemographic groups may provide
clues regarding the most important drivers of walking in the population. The upper tail-ends
of the distributions can also provide a sense of the walking distance and duration that are
actually achievable under certain circumstances. The distributions of distance may also
provide guidelines helpful in defining the geographic area (e.g., the maximum radius around
each person’s home) for which environmental features are most likely to be related to
walking.

This study used data from the 2009 National Household Travel Survey (NHTS) to examine
the prevalence of walking and distances and durations of walking trips for various purposes
among U.S. residents. The current work builds on prior works!”: 18 describing person-level

walking behavior by further examining the distribution of distance and duration for walking
trips by purpose and person-level characteristics using distance decay functions.

The National Household Travel Survey (NHTS) is a survey of household transportation
covering the civilian, non-institutionalized population of the U.S. aged =5 years. The 2009
NHTS was conducted from March 2008 through May 2009 using computer-assisted
random-digit-dialing telephone interviewing technology. The overall response rate was
19.8%. The full NHTS contains data for 308,901 people in 150,147 households and
1,167,321 trips. Data on one-way trips were obtained during a designated 24-hour period.
Trip information includes purpose, transportation mode, distance, and duration. Distances
for trips less than 1 mile were reported in blocks and transformed into miles assuming that a
block equals 1/9 mile. NHTS data were weighted by personal weights to adjust for the
selection probabilities at the individual level and to make the sample nationally
representative. Data were analyzed in 2011.

Analyses of percentage walkers were based on the full NHTS sample. In trip-level analyses,
trips were categorized by purpose. If a trip’s destination was returning home, it was
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categorized based on the trip’s origin. The seven purposes were work, study, shopping,
social event, recreation, dog-walking, and meals.

The 2009 NHTS includes 100,405 walking trips reported by a total of 43,724 respondents. A
total of 2213 trips were excluded because the value of the distance or duration was missing
or reported as 0; in all, 9517 were excluded because the trip purpose was missing or could
not be categorized into the seven purposes mentioned above; 8453 were excluded because
they were missing data on key variables (5037 for household income level, 3410 for race/
ethnicity and six for urbanization level), leaving a total of 80,222 walking trips available for
analysis. The 20,183 excluded trips were similar to the 80,222 included trips in demographic
characteristics of individuals and in trip purpose, distance and duration (when available).
Results including all 98,192 trips with nonmissing values for distance and duration yielded
very similar results.

Descriptive analyses summarized the percentage of people who walked, the distribution of
number of trips, and distance and duration of walking trip, for various purposes and for
selected population subgroups (gender, age, total household income, race/ethnicity, region
and urbanization level of the place of residence, and season of the trip). Distributions of
distances and durations were summarized using means and medians as well as distance
decay functions. The cumulative distance walked per day was also examined.

Distance decay functions have been used in geography to mathematically describe how a
given phenomenon varies as a function of distance.2”: 28 Specifically, the longer the distance
to the destination, the less likely people are to travel to it by walking. Distance decay
functions have been used to describe the distribution of walking as a function of distance for
walking generally,2? for different walking purposes,2% 2! for transit walking,30: 31 and for
multimodal trips.32

A specific decay function fitted to a real data set presents a quantitatively precise description
of the distribution of walking trips over distances. It also provides a continuous description
of the probability of walking for different distances by estimating probabilities for values not
represented in the data. Distance decay functions can easily be used to compare the
distribution of walking distances among different groups or to describe changes over time
for the same group.

It is generally well accepted that the exponential function is more appropriate for analyzing
processes involving relatively short distances.2% 33-35 Since walking involves relatively
short distances, the negative exponential form was used in this study as it yielded a better fit
than other forms such as power and Gaussian, as reflected in the A2. The distance decay
function is specified as:

P(d)=e, o

where A(g) denotes the cumulative percentage of walking trips with distance equal to or
longer than the value of & (in miles), and f is the decay parameter to be estimated using
empirical data.

For a specific distance d, smaller p leads to larger £, which indicates a larger percentage of
walking trips with distance equal or longer than 4. Similarly, &' can be used to denote
walking duration (in minutes). In this study, the value of B was estimated using nonlinear
ordinary least-squares regression modeling (PROC MODEL in SAS 9.2) with the value of
A2 indicating the goodness of fit. Appendix A (available at www.ajpmonline.org) shows the
related script.
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In addition to distance decay functions, linear regression models were also used to estimate

adjusted mean differences in trip distance or duration associated with various characteristics
of the respondent, the place of residence, and the trip in mutually adjusted models. Multiple
trips nested within individuals were accounted for using generalized estimating equations.36

Overall, 16.4% of respondents reported at least one valid walking trip per day, and 3.7% of
respondents had three or more valid walking trips per day. Among those who took at least
one walking trip per day, the mean number of walking trips was 2.25 and the mean
cumulative distance walked was 1.64 miles. Table 1 shows the distribution of walking trips
by distance and duration using the 2009 NHTS.

The mean and median values for walking distance (all purposes combined) were 0.7 (95%
CI=0.11, 3.0) and 0.5 miles, respectively. For walking duration, the mean and median values
were 14.9 (95% CI=1, 59) and 10 in minutes, respectively. The distance decay parameter
was estimated to be 1.71 for distance (/2=0.98) and 0.073 (#2=0.99) for duration; the
corresponding fitted distance decay curves are presented in Figure 1.

Most walking trips were <2 miles in distance (97%) and <60 minutes in duration (99%).
According to the distance decay function, about 65% of walking trips were >0.25 miles, and
about 18% of walking trips were >1 mile. About 69% of walking trips lasted >5 minutes,
and about 23% of walking trips lasted >20 minutes.

Table 2 shows the distribution of walking trips by purpose and groups. The probabilities of
walking varied by purpose. Among people with at least one trip to work, 6.5% had at least
one walking trip. The percentage of people with at least one walking trip (among those with
at least one trip in the category) was much higher for recreation (40%) and pet-related
activities (72%). The percentage of respondents who walked at least once a day varied by
sociodemographic characteristics with the largest variation observed by place of residence
(as high as 21% among urban residents and as low as 11.6% among town and country
residents). There was also substantial regional variability (22% in the Northeast to 12.5% in
the South). The number of total walking trips among those who walked at least once a day
ranged from 2.0 to 2.4.

The distances and durations of walking for recreation were substantially longer than for
other purposes. The shortest distances and durations were observed for trips for meals. After
adjustment for covariates, recreation trips were on average 0.47 miles and 9.8 minutes
longer than meal trips. These differences are also reflected in B values of the distance decay
functions for distance and duration (1.15 and 0.053, respectively, for recreation and 2.48 and
0.1 for meals).

Walking trips to work were shorter in distance than recreation trips but longer than study
and social event trips, which in turn were longer than shopping trips. Shopping and dog-
walking trips were only slightly longer in distance than trips for meals. With respect to
duration, work trips were shorter than study and social event trips but similar to dog-walking
trips, possibly due to different walking speed for different purposes (e.g., faster to work and
slower for dog-walking and for children walking to school).

The distance decay curves for selected purposes are displayed in Figure 2. More than 75%
of walking trips for recreation were >0.25 miles and about 32% were >1 mile. More than
59% of walking trips for recreation were >10 minutes and about 20% were >30 minutes. In
contrast, about 54% of walking trips for meals were >0.25 miles and 8.5% were >1 mile.
About 36% of walking trips for meals were >10 minutes and 5% were >30 minutes.
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Walking-to-work trips were similar in duration to shopping trips but longer in distance
(Figure 2) possibly reflecting variations in walking speed.

There were also differences in distance and duration by sociodemographic characteristics
(Table 2). Men and boys walked longer distances and durations than women and girls,
although the difference was small. Children aged <11 years walked the least both in distance
and duration, and adults aged 18-64 years walked the longest distances. The elderly walked
relatively short distances but for the longest duration, which may be explained by their
relatively slower walking speed.

The group with highest total household income walked the longest distance, while the group
with lowest total household income walked the longest duration. After adjustment, the two
middle-income categories walked slightly less distance than the highest-income category,
and the two lower-income categories walked longer duration. Blacks walked the longest
distances and for the longest duration after adjustment. Respondents walked the longest
distance and duration during summer and the shortest during winter. Those living in the
West walked longer both in distance and duration than those in other regions. Residents of
suburban areas walked slightly more in distance and duration, but the difference is minor.

The patterns for adjusted mean difference in cumulative distance walked per person per day
were generally similar to the patterns observed for distance per trip. This is consistent with
small variations in the number of walking trips per day among walkers. Exceptions include
longer cumulative distance walked in the lowest compared to the highest SES group, longer
cumulative distance walked in blacks and Asians than in Hispanics or whites, and longer
cumulative distances in the Northeast than in the West.

Table 3 shows distance decay parameters for walking to work, for recreation, and for
shopping and social events by total household income and urbanization level. Respondents
with lower household income walked longer distances for work than respondents with
higher household income (percentage of walking trips for work which were longer than 0.5
miles: 52% and 37% for the groups with the lowest and the highest total household income,
respectively). By contrast, respondents with higher household income walked longer
distances for recreation than respondents with lower household income (percentage of
walking trips for recreation that were >0.5 mile: 47% and 60% for the groups with the
lowest and the highest total household income, respectively). Respondents living in urban or
second-city areas walked longest distances for work but shortest distances for recreation,
and respondents living in town and country walked shortest distances for shopping and
social events.

Discussion

Using a large nationally representative sample, this research shows that 65% of all walking
trips cover more than 0.25 miles and nearly one fifth were over 1 mile. In addition, nearly
one quarter lasted more than 15 minutes. These results highlight the fact that an important
portion of the walking population does indeed walk substantial distances and durations as
part of their daily activities. However, only 16% of respondents walked at all, and the
median distance and duration of waking trips among walkers were 0.5 miles and 10 minutes,
respectively, suggesting that there is substantial room for increases in walking in the
population as a whole.

Walking varied by purpose with the lowest probability of walking observed for work and the
highest observed for recreation and pet-related activities. Walking distances and durations
also varied substantially by purpose: respondents walked much longer for recreation and
shorter for other purposes. In addition, walking distances for different purposes varied by
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factors such as income and urbanization. Respondents with lower household income and
those who lived in more-urban areas walked longer distances for work, shopping and social
events, and shorter distances for recreation than respondents with higher household income
and those who lived in less-urban areas.

The results regarding variations in walking distances for various purposes were consistent
with one study in Minneapolis/St. Paul MN20 which found that walking for entertainment,
recreation, and fitness covers longer distances than that for other purposes, but inconsistent
with a study in Montreal 21 which found that people walk longer for work than for leisure
activities. The discrepancy may result from differences in the definitions of entertainment,
recreation, and leisure across both studies. In contrast, this study covered the entire U.S. The
differences in walking distances and duration for different purposes may vary based on other
demographic and area factors, and thus findings could be highly dependent on the sample
utilized.

This study focused on realized trips (i.e., walking trips actually taken). Obviously, the
distance people empirically walk is different from the distance people are willing to walk.
The number, duration, and distance of realized walking trips is itself a function of social and
environmental features; thus, the patterns observed by sociodemographic factors may largely
reflect the environmental constraints from where diverse groups live.

One limitation of this study is the low response rate of the NHTS, although the use of
weights may have corrected for some of the nonresponse bias. Another limitation pertains to
the validity of the self-reported data. Self-reported distance and duration for trip in NHTS
may limit their precisions, especially for shorter trips as walking.1® Generally, it is believed
that short distances are likely to be overestimated and longer distances overestimated in self-
reports.22: 23. 37 |n addition, the rounding that occurs in self-reports of distance or duration
introduces additional measurement error (reported distances are more concentrated in
several discrete values such as 0.25, 0.5, and 1 mile).

The 2009 NHTS used block as the recording unit if the distance was less than 1 mile. This
creates another problem since the length of a block varies among different built
environments. An alternative is to calculate distances using GIS based on street-network
data.22 24. 38 However, most travel data provide the start and end locations of each trip
instead of the route. Respondents can be asked to draw the route on a map® or carry a hand-
held GPS device,3? but this is difficult to implement in large surveys.

These results suggest that the conventional wisdom of using 0.25 miles as a walking
distance understates the distance that some people commonly walk. Features of areas
beyond 0.25 miles may affect the probability, distance and duration of walking. Decay
functions can also be used to develop weights to differentially weight various features of the
built environment (depending on the percentage of people who walk a given distance) when
studying the impact of the built environment on walking, although with the caveat that these
distance decay functions are based on realized walking rather than potential for walking.

Better understanding of the population distribution of walking trips for different purposes
may also provide implications for policy. For example, specific policies may be needed to
encourage lower-SES people to walk more for recreation (for example, by providing green
space in their neighborhoods) and to encourage walking for transportation among people
living in non-urban areas (for example, increasing land mix and providing shopping areas
within residential zones). Continued national monitoring of walking trips among U.S.
representative samples may also help assess the impact of various environmental changes
and could help guide research on the best strategies to increase walking in the population as
a whole.
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Figure 1.

Cumulative percentages of walking trips by distance and duration

Note: Left panel shows fitted distance decay curve (B=1.71, R2=0.98); right panel shows
fitted distance decay curve (p=0.073, R2=0.99), both based on 2009 National Household
Travel Survey data.
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