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Abstract

In this paper, we use five decades of time-use surveys in the U.S. to document trends in
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20 percent increase from 1975 to 1993, but an 18 percent decline from 1993 to 2013. We
find that demographic shifts explain roughly 45 percent of the increase from 1975 to 1993,
but play a much smaller role afterwards. From 2003 to 2013 the shift of time allocation
from travel-intensive non-market work to travel-non-intensive leisure accounts for around 50
percent of the decline in total travel time.
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1 Introduction

In this paper, we use five decades of time-use surveys to examine trends in travel time use

within the United States. Our measure of travel time includes all modes of travel related

to market work, non-market (household) work and leisure. We find that there have been

dramatic changes in travel time over the past five decades. Total travel time increased by

around 19 percent from 1965 to 1993 for an average individual between 19 and 65 year old,

and by around 20 percent from 1975 to 1993 if we expand the sample to those 18 and up.

In 1975, average travel time for an adult was 8.43 hours per week, and grew to 10.1 hours

per week in 1993. Average travel time peaked some time between 1993 and 2003, possibly

around the turn of the century. Due to the lack of annual data, we cannot exactly pin

down the peak year. By 2003, average travel time per adult had already declined to 9.03

hours per week, a decline of around 11 percent since 1993. The decline has then continued

throughout the following decade. In 2013 average travel time per adult was 8.29 hours per

week, registering a decline of 18 percent compared to that in 1993. Despite dramatic changes

in all aspects of economy since 1965, people in 2013 spend similar amount of travel time as

those five decades ago.

The dramatic change in travel time is not an isolated phenomenon. The growth rate

in vehicle miles of travel (VMT) per capita began to plateau around 2000, and per capita

level started to slide after 2005 within the U.S.1 In addition, distance driven per light-

duty vehicle, and the number of light-duty vehicles per capita also peaked shortly after the

turn of the century (Sivak, 2013). Since vehicle travel remains the primary travel mode

of the country, the peak and subsequent decline in distance driven and vehicle ownership

corroborate the dramatic turn in the total travel time around the same time. As total travel

time is closely related to mobility patterns and gasoline use in this country, explaining forces

behind variations in travel time is important for understanding not only gasoline demand,

but also demand for goods and services catering to different mobility needs of consumers.

1See, for example, Puentes and Tomer (2008) report for the Metropolitan Policy Program at Brookings.
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The importance of travel time is not limited to transportation aspect per se. Once we

exclude relatively non-discretionary time uses such as sleeping and market work, travel time

becomes a sizable component of discretionary time use. Understanding travel time use is

also an issue of efficient time allocation. Given the close complementarity of travel time

with other time uses, it is important to sort out whether changes in travel time come from

changes in transportation sectors per se, changes in opportunity cost of time, or are related

to shifts of time uses on a broader scale.

The intriguing questions are: What are the forces behind the dramatic variations in

total travel time over the five decades? To what extent do demographic shifts, including the

aging of baby boomers, the peak of female labor force participation, and changes in education

composition and the fraction of population with children, contribute to the evolving patterns

of travel time use? What are the causes behind the recent decline in total travel time,

especially after 2003? Can the decline in travel time be attributed to an increase in efficiency

as a result of telecommuting and e-commerce, or is it caused by less time allocated to

activities complementary with travel? Will the forces behind the decline over the past

decade carry into the future and cause continuing decline in total travel time?

To address these questions, we link five major time use surveys to characterize patterns

of travel time use. These time use surveys are: 1965-1966 America’s Use of Time; 1975-

1976 Time Use in Economics and Social Accounts; 1985 Americans’ Use of Time; 1992-1994

National Human Activity Pattern Survey; and the 2003-2013 Annual American Time Use

Survey (ATUS). We seek to explain travel time variations by taking a close look at two

driving forces. The first driving force is changes in demographic composition in terms of

age, gender, work status, education and whether there are children in the household. We

decompose unconditional changes in average travel time to gauge the contribution by shifts

in each demographic attribute. The second driving force is changes in travel time allocation

that are common across demographic groups. We examine how travel time co-varies with

other time use categories.
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We have the following main findings: First, demographic shifts explain around 45 percent

of the increase in total travel time from 1975 to 1993. Increases in educational attainment

alone contribute to around 28 percent of the increases, followed by around 18 percent con-

tributed by changes in age, work and gender composition. However, demographic shifts

play a much smaller role in the evolution of total travel time afterwards. Between 2003 and

2013, the negative effect on total travel time due to aging of baby boomers and decreasing

labor force participation is mostly offset by the positive effect due to increases in education

attainment. As a result, changes in total travel time are not explained by demographic

shifts. Second, variations in total travel time from 2003 to 2013 are dominated by time ef-

fects that are common to all demographic groups. In particular, the shift of time allocation

from travel-intensive non-market work to travel-non-intensive leisure accounts for around 50

percent of the decline in total travel time. There are no strong evidence for economizing on

travel during the recent decade. Third, travel time is complementary with time spent on

obtaining goods and services, civil activities, and leisure outside, including exercises, sports

and social activities. Time spent on travel is substitutionary with time spent on home en-

tertainment on computer and TV, sleeping, and home production. The substitutionary and

complementary patterns of travel time use with other time use categories indicate that there

has also been a shift of time allocation from leisure outside to leisure at home, in addition

to the shift of time from non-market work to leisure.

Our work contributes to the existing literature on measuring changes in time allocation.

Robinson and Godbey (1999) use the same time use surveys we use from 1965, 1975, and

1985, as well as some additional information from the early 1990s, to document time uses

in all categories. Aguiar and Hurst (2007) (henceforth A&H) document trends in leisure

from 1965 to 2003 by using time use surveys in 1965, 1975, 1985, 1993 and 2003. Similar to

Ramey and Francis (2009), they find a dramatic increase in leisure time during the sample

period. We further extend A&H sample to include annual time use surveys from 2003 to 2013

conducted by the Bureau of Labor Statistics. The availability of annual data and consistency
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of time use definitions for surveys after 2003 provide more detailed information on time uses

compared to previous surveys. While A&H focus on leisure, we focus on total travel time.

Our work also differs from A&H in the choice of sample population. Our sample includes

population aged 18 and up, while A&H only include those between 21 and 65.

The U.S. Department of Transportation conducts the Nationwide Personal Transporta-

tion Survey (NPTS) and National Household Travel Survey (NHTS) periodically to gather

data such as mode of transportation, duration, distance and purpose, and then links the

travel related information to demographic and economic data for analysis. In that survey

respondents only need to report the trips they took on a single day, but not all the activi-

ties within 24 hours as done in the time use surveys we work with. Robinson and Godbey

(1999) find that time use surveys seem to show more travel and more trips than reported in

the 1992 National Transportation Survey. However, they also find that the Department of

Transportation data show much the same distribution across trip purposes and correlations

of travel time as time use surveys, despite the overall lower numbers. One of the important

advantages of the five time use surveys we use is that we can not only relate travel time with

the corresponding activity based on the purpose of the travel, but also examine travel time

as part of optimal time allocation among all time uses. American time use surveys have

become annual after 2003, while NPTS and NHTS Surveys are only conducted periodically

in 1969, 1977, 1983, 1990, 1995, 2001 and 2009. When applicable, we use information from

transportation surveys to corroborate our findings on travel trends from time use surveys.

2 Time Use Surveys and Data Construction

We link five major time use surveys to characterize travel time patterns. In addition to

surveys used in A&H, we include the ATUS from 2003 to 2013. We also examine different

sample population, construct new measures of travel time, and form demographic cells differ-

ently from A&H due to our focus on travel time use. Below we describe the three differences
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in detail. Table 1 reports our sample sizes and the number of time use categories.

2.1 Two Samples

The primary sample of A&H consists of respondents aged 21 through 65 who are neither

students nor retirees. Since we focus on travel time allocations, it is appropriate to include all

possible drivers, both younger than 21 and older than 65 in the sample. However, time use

surveys differ in terms of the minimum and maximum age. We form two different samples

based on a tradeoff between the size of our sample population and the length of sample

periods. Our first sample consists of respondents aged 18 and up from 1975 to 2013, where

18 is the minimum age allowed by all surveys from 1975 on. Our second sample consists of

respondents aged 19 through 65 from 1965 to 2013, to accommodate the narrow age limit

in the 1965-1966 America’s Use of Time. We exclude respondents whose answers on age,

gender, working status, education and having child or not are missing, or whose time use

record is incomplete (i.e. all time use components in the diary do not add up to 1440 minutes

per week).

As shown in Table 1, during the period from 1975 to 2013 when two samples can be

formed for the same year, the second sample can be as much as 20 percent smaller than the

first sample. The first sample is the primary focus of our investigation.2

2.2 Measures of Travel Time

We characterize three major uses of non-travel time and their corresponding travel time:

(non-travel) market work and work travel; (non-travel) non-market work and non-market

work travel; (non-travel) leisure and leisure travel. From now on, we omit the “(non-travel)”

qualification unless confusion might arise. Here market work includes non-travel portion

of work for pay (all time spent working in the market sector on main jobs, second jobs,

overtime, and working at home) plus time spent on ancillary work activities, such as time

2We document travel time use from 1965 to 2013 (the second sample) in our online appendix.
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spent at work on breaks or eating a meal, and time spent on searching for a job. Our measure

of non-market work includes: home production, obtaining goods and services, child care and

other care. Home production includes any time spent on meal preparation, housework,

and vehicle maintenance.3 Obtaining goods and services includes time spent on non-travel

portion of acquiring any goods and services (excluding medical care, education and restaurant

meals). Child care includes time spent on non-travel portion of primary, educational and

recreational child care as defined in A&H. Other care includes time spent on helping and

caring for household and non-household adults. We have both narrow and broad measures of

leisure. We define a narrow measure of leisure as time spent on sports, exercises, recreation,

socializing and communicating, hosting and attending social events, relaxing and leisure, arts

and entertainment, and telephone calls. These are activities that are pursued solely for direct

enjoyment. Our broad measure of leisure also includes time spent on eating and drinking,

sleeping, personal care, own medical care, religious, spiritual, volunteering, gardening and

pet care, and other leisure activities, in addition to those core leisure activities included in

the narrow measure.

Our time use conventions are broadly similar to A&H except for two differences: First,

A&H’s measures of market work, non-market work and leisure include their corresponding

travel time, whereas here those three terms refer to non-travel component of the three major

time uses; Second, child care either stands alone or counts as part of broad measure of leisure

in A&H, while we count child care as non-market work. There has been debate on whether

child care should be counted as non-market work or leisure. Ramey and Francis (2009) count

a subset of child care as leisure. However, since we do not have disaggregated travel time

corresponding to each subset of child care, we choose to treat all the time spent on child

care as non-market work.

Our measure of travel time includes all modes of travel. Table 1 shows that time use

surveys from 2003 to 2013 have the most comprehensive measures of both non-travel and

3Different from A&H, we include time spent on gardening and pet care in leisure, instead of as both home
production and leisure. Our main results do not change if we categorize it otherwise.
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travel time. Table 2 summarizes travel time use classification and examples of travel activities

included.4 We define work travel as travel related to work, including, but not limited to

commuting to and from work. The non-market work travel is defined as travel for the purpose

of obtaining goods and services (obtaining travel), for home production (home production

travel), for child care (child care travel) and other care (other care travel). Obtaining travel

is a major component of non-market work travel. Leisure travel includes travel time related

to the broad measure of leisure as defined above.

Taken together, work travel, non-market work travel and leisure travel make up around

95 percent of total travel time in our sample period. We also define a narrow measure of

leisure travel as the travel time related to the narrow measure of leisure. We consider total

travel time comparable across all the time use surveys, but take a conservative approach

toward disaggregated travel time. There are far fewer categories of disaggregated travel time

prior to 2003. As a result, we restrict our attention to a selected few disaggregated measures

when we examine the long horizon from 1975 to 2013.

3 Total Travel Time Over Five Decades

This section describes the evolution of total travel time for the full sample and by demo-

graphic groups from 1965 to 2013. Figure 1 displays the total travel time for our first

(1975-2013) and second (1965-2013) samples. The primary difference between the first and

second sample is that the former includes population older than 65, who may travel less

than younger population. As shown in Figure 1, the path of total travel time for the first

sample stays below that for the second sample, but shares similar patterns of variations over

time. For the second sample, total travel time in 1965 is slightly below that in 1975. Given

the similar patterns of variations, from now on we focus on the first sample when describing

variations of total travel time for both the full sample and demographic groups.

4We describe detailed coding rules of travel time use in Section A.1 in the online appendix. Tables A1
and A2 summarize respectively coding rules of travel in the ATUS, and the 1975-1976 time use survey.
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Total travel time on average increased by 1.67 hours per week from 1975 to 1993, an

increase of around 20 percent. From 1993 to 2003, total travel time declined by 1.07 hours

per week, followed by a decline of 0.74 hours per week from 2003 to 2013. The changes in

the three periods: 1975-1993, 1993-2003, 2003-2013, are statistically significant. In the past

two decades total travel time has declined by 18 percent. The decline puts total travel time

in 2013 at an amount statistically indifferent from that in 1975, despite drastically different

demographic compositions and transportation environment at those two points in time.

In Table 3 we report results from a pooled regression with all available observations over

the five decades. We give equal weight to each year. Columns 2 and 4 report estimation

results of regressing total travel time on demographic dummies using the weighted OLS

method on two samples. Regression results show that those who are younger, male, working,

having children, or more educated spend more time on travel than others.5 Even after

controlling demographic characteristics, total travel time still demonstrates the same patterns

of evolution: first increasing, reaching the peak in the mid-80s or mid-90s, and embarking

on a declining trend afterwards.

By pooling observations across all years together, the regression also imposes a restric-

tion that coefficients for demographic attributes are the same for each year. However, the

impact of each demographic attribute on total travel time may vary over years, which may

be reflected in changes in average travel time within a group sharing the same demographic

characteristics. In the next subsection we examine evolutions of total travel time by demo-

graphic groups.

3.1 Travel Time Use by Demographic Groups

We divide our sample population by demographic groups for better understanding of travel

patterns within our sample population. Based on regression results in Table 3, Figure 2

displays evolution of total travel time by demographic groups defined respectively by age,

5We also include additional demographic variables such as race and marital status in the pooled regression.
The estimated coefficients for those two additional variables are statistically insignificant.
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work and gender, education and whether or not there is a child in the household. In the

following subsections we analyze each panel of Figure 2 in detail.6

3.1.1 Travel Time Use by Age Groups

In Panel A of Figure 2, we divide the sample by four age-related groups (18-19, 20-49, 50-64,

and 65 and above). We pool the population between 20 and 49 together as they share more

common characteristics of travel than the younger and older population.7 We separately

group those younger than 20 as the time use of this group is strongly affected by education

needs.

There are three salient patterns of total travel time by age groups. First, the younger

population on average spend more time on travel than the older. Second, the total travel

time of all age groups have experienced an increase in travel time since 1975, reached a peak

before 2003, and continued to decline for more than a decade. Third, the difference in total

travel time between the younger population (20-49) and those in the 50-64 age group has

been narrowing since 1975, and becomes the narrowest in 2012, before widening again in

2013. The total travel time of younger population (20-49) has declined since 1993, while the

travel time of those in the 50-64 age group has increased during part of the recent decade,

and in 2012 had almost reached the same level of travel as those in the 20-49 age group.

3.1.2 Travel Time Use by Work-Gender Groups

We divide the sample population into four groups based on gender and employment. Panel

B of Figure 2 describes travel patterns by work and gender groups from 1975 to 2013. There

are three notable features. First, workers spend consistently more time on travel than non-

workers, with a gap close to 3 hours per week between male workers and nonworkers around

years 2008-2010. Second, although males in general travel more than females, the gap has

6Table A3 in the online appendix records the data used to plot Figure 2.
7For robustness test we have also categorized those between 20 and 49 into three distinct age groups:

20-29, 30-39 and 40-49. The alternative classification yields similar stylized patterns and decomposition
results.
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been consistently narrowing among both workers and nonworkers. During a few years of the

recent decade female nonworkers travel slightly more than male nonworkers. Third, the total

travel time within each work and gender group increased from 1975 and turned downward

after reaching the peak some time between mid-eighties and mid-nineties. The turning point

for workers has come before that for nonworkers.

3.1.3 Travel Time Use by Education Groups

We divide the sample population by four education categories (less than high school, high

school, some college, and college degree or higher). Panel C of Figure 2 describes travel

patterns by education groups from 1975 to 2013. The panel shows that more educated

groups spend more time on travel than less educated. The difference in total travel time

between the most and the least educated can be as large as 3.4 hours per week. It also

demonstrates a similar time trend as that for the entire sample: a peak and then a decline

in total travel time for each education group.

3.1.4 Travel Time Use by Having Children or Not

We divide the sample population by whether or not there is a child present in the household.

Panel D of Figure 2 shows that the sample population with children in the household travel

more than those without children. The difference is around one hour or so per week. Total

travel time for both groups again follow similar time trend as travel time for the entire sample

population: an increase from 1975 to 1980s and 1990s, and then a graduate decline toward

2013.

Panels A to D of Figure 2 show that those who are younger, male, working, more educated,

or those with children in the household spend more time on travel than their respective

counterparts, consistent with the estimated coefficients in Table 3. Such patterns indicate

that shifts in demographic composition may contribute to the evolution of total travel time,

even when there are no changes in travel time within each demographic group.
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3.2 Patterns of Demographic Shifts

Over the period from 1975 to 2013, on average the 20-49 age group make up 57 percent of our

total sample. The 50-64 group and those older than 65 account for around 23 percent and 16

percent respectively. Those between 18 and 19 account for 3 percent of the sample. Over the

past decades relative proportions of each age group have registered substantial variations as

baby boomers go through each stage of their life cycle. The fraction of population between

20 and 49 increased by 8.5 percent from 1975 to 1993, but declined by 14.5 percent from 1993

to 2013. By contrast, the proportion of those between 50 and 64 declined by 2.6 percent from

1975 to 1993, but increased by 7.8 percent from 1993 to 2013. The fraction of population

above 65 has steadily increased since 1993.8

Figure 3 shows the evolving weights of each age-work-gender group from 1975 to 2013.9

The first to fourth columns are respectively for the 18-19, 20-49, 50-64, at and older than

65-year-old age groups. Those between 20 and 49 year old constitute the dominant group. It

is worth noting that changes in relative weights of male and female workers in this age group

coincide with those in total travel time. The relative weight of female workers between 20

and 49 increased from 15 percent to 25 percent of total population from 1975 to 1993, and

then declined steadily to around 18 percent of total population in 2013. The relative weight

of male workers in this age group experienced a small increase from 1975 to 1993, and then

a decline of similar magnitude as that of female workers afterwards. The largest decline

of the relative weight of working population in this age group occurred from 1993 to 2003,

during which period the proportion of male workers declined by 3 percent, while that of

female workers declined by 4 percent. Around year 2008 the percentage weights of working

population, both male and female within the 20-49 age group, started a sharp decline. The

weight of this age group in our sample declined by 3.3 percent from 2008 to 2013, but the

8Table A4 in the online appendix shows the evolving weights of aforementioned demographic groups.
9There is an issue of over-sampling of gender in 1993 survey population. We conduct a robustness test

by adjusting gender weights to those obtained by the Census Bureau. Our results are robust to the weight
adjustment.
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working population of both genders declined by around 4.7 percent.

Comparably, the percentage weights of working and nonworking population evolve rela-

tively smoothly among the 50-64 age group. The period from 1975 to 1993 is characterized

by declines in both total weights, and the relative proportion of male workers of this age

group. The total weights and the relative proportion of workers of this age group have

increased steadily ever since, with the relative weight of female workers increasing by 2.9

percent and that of male by 3.5 percent from 1993 to 2013. In contrast to sharp declines in

relative weights of working population among the 20-49 age group around year 2008, there

is no obvious downturn in relative working population among the 50-64 age group around

that time.

These observations suggest that the shift from working to nonworking population among

the 20-49 age group may help to explain patterns of total travel time over time. The increase

in relative weights of the working population among the 50-64 age group may help cushion the

decline in total travel time of this age group after 1993. The increase in both relative weights

of the age group above 65 and the fraction of nonworking population within this group helps

to explain the decline in total travel time. However, given the dominant proportion of the

20-49 age group, the shift from work to non-work status of this younger group may have

larger impact on the decline in travel time, as compared to such shifts among the age group

above 65.

Panel A of Figure 4 shows evolving weights of education groups from 1975 to 2013 in

the sample population. The proportion of people in the third group (with some college) and

the fourth group (college degree or more) has steadily increased over time, each rising from

about 13 percent in 1975 to around 30 percent in 2013. The portion with less than high

school degree declined from around 39 percent in 1975 to around 10 percent in 1993, and

has stayed at that level afterwards. The portion with high school education increased from

1975 to 1985, and declined ever since. However, this group has stayed above 30 percent for

the entire sample period, and only recently was surpassed by the group with college degree
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or more in terms of weights. In 2013, the three groups with highest levels of education each

make up about 30 percent of sample population, with those less than high school accounting

for the remaining 12 percent.

Panel B of Figure 4 shows that the fraction of sample population with children in the

household declined from around 47 percent to 34 percent from 1975 to 1993. The weight for

this group increased slightly from 1993 to 2003, resumed the decline after 2003 and settled

at around 36 percent in 2013.

In summary, major demographic shifts from 1975 to 1993 are: (i) Baby boomers reached

prime driving age; (ii) An increasing number of women shifted into working status; (iii) The

fraction of population with high school degree and above increased, while the fraction without

high school degree declined dramatically; and (iv) the fraction of people with children in the

household declined. Based upon travel time patterns by demographic groups, the first three

demographic shifts may contribute positively to the increase in travel time during the sample

period, while the last shift may contribute negatively.

From 1993 to 2003, the first two demographic shifts reversed themselves. Baby boomers

grew past the prime driving age, and labor participation rates of both males and females

declined. The reversals may contribute to the decline in total travel time during the sample

period. In the meantime, advances in education attainments slowed down, coupled with

a decline in the population with college degree or more, and an increase in the fraction

of population with less than high school degree. The fraction of sample population with

children slightly increased.

The period from 2003 to 2013 witnessed the following demographic changes: (i) Baby

boomers started retiring, raising the fraction of population aged 50 and above. (ii) There

was a continuing decline in the fraction of working population, especially those in the 20-49

age group. The fraction of working population in the 50-64 age group increased instead. (iii)

The fraction of sample population with college or more increased steadily during this period.
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4 Quantifying the Role of Demographic Shifts

In this section we conduct a Blinder-Oaxaca decomposition to distinguish the portion that

can be explained by changing demographics and the portion that may be explained by

changes in aggregate forces that impact all demographic groups, or by changes in relevances

of demographic attributes to travel patterns. The analysis above by each demographic

attribute shows that both portions may have played a role in the evolution of total travel

time.

4.1 Blinder-Oaxaca Decomposition

Formally total travel time for any given period t can be expressed as the dependent variable

of a linear model

Yt = X ′tβt + εt, (1)

where Yt represents a vector of total travel time, with its length equal to the number of

observations for that year, and Xt represent a matrix of dummy variables that characterize

demographic features of all observations. Based upon our analysis of travel time by de-

mographic groups above, we construct nine dummy variables: three dummy variables for

age groups, depending upon whether the observed individual is in the 20-49, 50-64 or at

and above 65 year old age group; one dummy variable for gender; one dummy variable for

working status; three dummy variables for education groups, depending upon whether the

observed individual has high school, some college, or college and above degrees; and one

dummy variable for having children in the household. Such a linear regression allows us to

capture the correlation among demographic variables, which are not possible if we examine

total travel time along only one dimension.

Let β̂t0 and β̂t1 be the least-square estimates for β in periods t0 and t1, obtained separately

from the two year-specific samples. Furthermore, we use the year-specific sample means X t0

and X t1 as estimates for unconditional expectation of Xt0 and Xt1. Here X t is a 10-by-1
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vector of sample means of the nine dummy variables and the constant at the end. The j− th

element of X t is effectively the fraction of sample population with the j− th dummy variable

equal to 1. Thus X t1−X t0 represent changes in demographic weights, and β̂t1− β̂t0 represent

changes in both the estimated constant and the estimated relevance of those demographics

to total travel time. Based upon these estimates, we can decompose the change in the sample

mean of total travel time between year t0 and year t1, denoted as Y t1 − Y t0 , as follows:

Y t1 − Y t0 =
(
X t1 −X t0

)′
β̂t0 +X

′
t1

(
β̂t1 − β̂t0

)
. (2)

The term
(
X t1 −X t0

)′
β̂t0 represents the contribution to the total change in travel time

due to evolving demographic weights, given a fixed set of coefficient estimates, whileX
′
t1

(
β̂t1 − β̂t0

)
represents the contribution due to changes in the estimated constant and the relevance of

demographics to travel time use, given fixed demographic weights. According to the Blinder-

Oaxaca literature, the first term captures characteristics effects, which are variations ex-

plained by demographic shifts, while the second term captures coefficients effects, including

changes in within-demographic-cell means and time effects that are reflected in the difference

in estimates of the constant term.

An alternative would be to use the following decomposition:

Y t1 − Y t0 =
(
X t1 −X t0

)′
β̂t1 +X

′
t0

(
β̂t1 − β̂t0

)
, (3)

where the coefficient estimates from year t1 sample are used to weigh demographic shifts.

As decomposition results may be sensitive to using the starting or the end year of coeffi-

cient estimates to weigh demographic shifts, we also use pooled sample for more representa-

tive coefficient estimates. One way is to pool year t0 and t1 observations to obtain coefficient

estimates (the “pooled-two” method), and the other way is to pool all observations available,

in our cases from 1975 to 2013 to obtain the weights (the “pooled-all” method).10

10Online appendix A.2 describes the details of the pooled sample estimation.
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4.2 The Role of Demographic Shifts

Table 4 shows the decomposition of unconditional changes in total travel time for three

subperiods: 1975-1993, 1993-2003, and 2003-2013. We divide the sample period into three

subperiods as these periods feature drastically different trends in both travel and demo-

graphics. Panels A, B, and C report the decomposition results for the three subperiods. In

all panels, the first column reports decomposition results using the “pooled-two” method,

while the second and third columns report results using equations (2) and (3). Since the

results are broadly similar using different coefficient estimates, we focus on the pooled-two

decomposition when describing the results. The fourth column gives the ratio of the charac-

teristics effects or the coefficients effects relative to the total difference using the pooled-two

method.

The first part of Panel A shows the overall decomposition results. The first and second

rows show the average total travel time in years 1993 and 1975, with the difference being

1.67 hours per week as shown in the third row. The fourth row reports characteristics effects,

which represent the portion of the difference explained by demographic shifts and the fifth

row captures the rest. The numbers in fourth and fifth rows add up to the total difference

reported in the third row. The decomposition shows that around 45 percent of the difference

in total travel time from 1975 to 1993 can be explained by demographic shifts.

The second part of Panel A details the individual contribution of each demographic

attribute. The four rows in the second part add up to the total “characteristics effects”

portion in row four of part one. Out of the 45 percent explainable by demographic shifts,

advances in education attainment alone contribute to around 28 percent of the increase in

total travel time for this subperiod. Around 10.5 percent are explained by changes in age

composition. Shifts across work-gender groups, including the increase in female labor force

participation contribute to around 7 percent of the increase in total travel, while the rest is

explained by declines in the proportion of sample population with children in that sample

period, which move total travel time in opposite direction. In all, demographic shifts in age,
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work-gender, and education contribute positively to the increase in total travel time for this

sample period. It is interesting to note that once education is controlled for, shifts in age

composition play lesser roles. The third part of Panel A reports the individual contribution

of changes in each coefficient estimate to evolutions of total travel time. The individual

contribution is statistically insignificant despite the significance of the coefficients effects.

Panel B shows that total travel time declined by 1.07 hours per week from 1993 to 2003.

However, demographic shifts can only explain around 16 percent of the decline. Shifts in

age, work-gender and education composition all contribute to the decline in the total travel

time, with shifts in the composition of age and education groups respectively accounting for

8.9 and 6.3 percent of the decline. Shifts across work-gender groups contribute to around

1.8 percent of the decline, while increases in the fraction of people with children during this

period push the total travel time in the opposite direction, albeit by a small amount.

As shown in Panel C, total travel time declined by 0.74 hours per week from 2003 to

2013. Contrary to previous periods, contribution from demographic shifts is statistically

insignificant, while the coefficients effects amount to 0.73 hours per week. Detailed decom-

position of the characteristics effects shows countering forces of demographic shifts. Chang-

ing compositions across age, work-gender groups and population with and without children

explain roughly 15 percent of the total decline in that period, where changes in age and

work-gender composition respectively cause 7 and 8 percent of the decline. In terms of the

absolute amount, the three demographic shifts reduce total travel time by 0.12 hours per

week. However, increases in the fraction of people with higher education add an extra 0.11

hour-per-week travel time, completely offsetting the combined impact of those three demo-

graphic shifts. The significance of the coefficients effects of the total change in the travel

time indicates that there may be aggregate forces at work from 2003 to 2013 that impact all

demographic groups.11

Our analysis supports the view that baby boomers going into retirement is unlikely the

11Section A.3 in the online appendix shows the decomposition results from 1965 to 2013.
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major reason for the decline in travel time from 2003 to 2013, or from 1993 to 2013. First,

although people in their 50s travel less than those in their 30s, the travel of the senior age

group actually increased in the past ten years, while the travel of those in the 30s declined

over time, thus almost closing the gap between the two age groups. Second, the intensified

shift of population from working to nonworking population after 2008 is an important force

behind the change in work travel time. However, the shift to nonworking population is

not unique to senior population. As baby boomers reach the retirement age, changing age

demographics may become more important in the coming decades, but it is not a major

contributor to the decline in the total travel time in the past decade.

5 Travel Time as Part of Time Allocation

The previous analysis indicates that the coefficients effects also play important roles, es-

pecially from 2003 to 2013. In this section we make use of the data on the time use of

respondents on all activities, and treat travel time as part of the individual’s time allocation.

We ask the following questions: How travel time, both total travel time and disaggregated

travel time, co-vary with other time use categories across all demographic groups? What can

we say about aggregate forces behind fluctuations in total travel time, especially the decline

after 2003?

In order to address these questions, we focus on three aspects of travel time allocation.

First, we examine whether there are evidence for or against economizing on travel. Here

economizing on travel is interpreted as a decline in the ratio of travel to non-travel time

related to the same category of activity, for example, the ratio of time spent on work travel to

that on (non-travel) market work. Economizing on travel is most likely caused by aggregate

forces related to the transportation sector, such as fluctuation in gasoline prices, or changes

in transportation technology. Second, we examine whether there are shifts of time among

activities with different travel intensity. Even absent of economizing on travel, a shift of time
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use from travel-intensive to travel-non-intensive activity may cause the total travel time to

decline. Third, we study common complementary or substitutionary patterns of travel time

with other time uses. Co-variation of travel time with other time use categories may be

driven by forces within or outside the transportation sector. Examining these three aspects

gives us a comprehensive picture of variations in travel time.

In the following analysis, we first focus on the short sample period from 2003 to 2013

before taking a long-run perspective on the entire sample period from 1975 to 2013. We

focus on the period from 2003 to 2013 for two reasons: First, variations in total travel time

in this sample period are dominated by factors other than demographic shifts, potentially

aggregate forces that may last into future decades; Second, the time use data for this period

are not only annual, but also most detailed and consistent across all time use surveys.

Consistency of disaggregated travel measures becomes an issue when we extend the sample

period backward to include 1975, 1985 and 1993 time surveys. While the 2003-2013 time

surveys contain around 58 or more detailed measures of travel time, those in previous years

contain only 9 or 10 categories. For consistency we have to focus on a limited set of travel

time measures to track variations in disaggregated travel time over the entire sample period.

Taking all the consideration together, we decide to examine the most recent decade first to

make use of the rich data we have.

5.1 The Recent Decade: 2003-2013

As described in Section 2, we have relatively consistent measures of three sub-categories of

travel time for the recent decade. They are: work travel, non-market work travel and leisure

travel. Their corresponding non-travel time uses are: market work, non-market work, and

leisure. For this sample period we use the broadly based measure of leisure time that includes

eating, sleeping, personal care, and other religious and civil activities.

Tele-commuting and e-commerce are two primary means of economizing on travel. When

there exists a decline in travel time, there are always issues of whether the decline is due to
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less travel time associated with given amount of specific activity, or less time is allocated to

travel-intensive activities even though the ratio of travel to non-travel time for each activity

remains unchanged. We examine the two possibilities below.

5.1.1 Shift of Time Allocation or Economizing on Travel?

Figure 5 shows the composition of average time use out of 168 hours per week in 2003. The

broad measure of leisure makes up 112.2 hours. followed by 24.9 hours for market work

and 19.2 hours for non-market work. Work travel, non-market work travel and leisure travel

respectively total 2.1, 3.5 and 2.9 hours per week. The remaining 3.1 hours are for other time

uses and related travel, including time use and travel related to education. As shown in the

pie chart, non-market work is the most travel-intensive activity during the recent decade.

The ratio of travel time to non-travel time related to non-market work ranges between 0.15

and 0.17. Non-travel leisure accounts for the highest amount of total time use. However,

leisure is also the least travel-intensive activity, with the ratio of leisure-related travel to non-

travel time at around 0.025. The ratio remains the smallest even after we exclude sleeping

time from leisure-related non-travel time use. Work travel is about 8 percent of time spent

on non-travel market work, for both the working population and the entire sample. Market

work is the second most travel intensive activity.

In Figure 6, we focus on the relationship between work travel, non-market work travel,

leisure travel and the corresponding non-travel time use on market work, non-market work

and leisure. The solid lines in all panels plot percentage changes of non-travel time, while

the dashed lines plot those of travel time for each corresponding activity from 2003 to 2013,

using 2003 as the base year.

Panel A of Figure 6 shows percentage changes of market work versus those of work travel

for the entire sample. Time spent on market work increased initially by 4.2 percent relative

to that in 2003, declined to 4.7 percent below after the great recession, and stayed around

that level till 2013. The change in market work, however, also reflects shifts out of the
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working status. In order to focus on time spent on work travel by those who work, we plot

percentage changes in time spent on market work by workers only in Panel B. For those

who work, the change in the time spent on market work from 2003 to 2013 is statistically

insignificant. Thus the decline in time spent on market work after 2007 is driven by shifts

out of work status, rather than the decline in work time of those who work. Panels A and

B show similar patterns of work travel prior to year 2007. Although work travel for the

entire sample population stays at 5 percent below the 2003 level from 2007 to 2012, time

spent on work travel by those who work has gone up and reverted to the level of 2003 by

2010. Between 2010 and 2012, percentage changes in both market work and work travel from

those in 2003 were close to zero, implying that the ratio of work travel to non-travel market

work in those years is close to that in 2003. Although time spent on work travel declined

from 2012 to 2013 relative to market work for the working population, the difference in work

travel between 2003 and 2013 is statistically insignificant for this group. In all, there is not

strong evidence indicating economizing on work travel, that is, a decline in time spent on

work travel relative to that on market work.

Panels C and D of Figure 6 show a steady shift of time use from non-market work to

leisure during this decade. Non-market work time declined steadily over time in the sample

period from 2003 to 2013. As shown in Table 5, time spent on non-market work is about 2

hours less per week in 2012, and 1.5 hours less in 2013 as compared to that in 2003. Leisure

time has remained fairly stable prior to 2007, but increased by around 2 hours per week

from 2007 to 2009, and then continued a small increase afterwards. Since 2007, there has

also been a shift of time from market work to leisure driven by the shift from working to

nonworking population. Since leisure is the least travel-intensive activity, the shift of time

use from travel-intensive non-market and market work to leisure may lead to a decline in

travel time even without any economizing on travel.

Panel C shows that non-market work travel declined steadily over time, mirroring the

decline in non-market work time. In 2012 it is 0.48 hours per week less than that in 2003,
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and in 2013 0.4 hours less. By contrast, travel time related to leisure has barely changed, as

shown in Panel D. There is some evidence for economizing on travel in terms of a decline in

the ratio of leisure travel to leisure time. However, since leisure travel registers no significant

change from 2003 to 2013, economizing on leisure travel does not contribute to the decline

in total travel time.

There is no strong evidence supporting economizing on travel for activities related to

market work and leisure. There seems to be evidence for economizing on non-market work

travel as Panel C shows the travel time declining more than the corresponding non-travel

portion of non-market work. The larger decline in travel time may indicate economizing on

travel, or shifts of time allocation within non-market work. A detailed analysis of non-market

work supports the latter explanation.

Figure 7 displays the composition of non-travel and travel-related non-market activities.

The chart shows that within non-market work category, obtaining goods and services and

other care are the two most travel-intensive activities, while home production is the least

travel-intensive activity. Travel time spent on obtaining goods and services makes up around

57 percent of non-market work travel.

Figure 8 shows the evolution of non-travel and travel time related to each category of

non-market activities. Statistical tests show that time spent on child care travel and home

production travel in 2013 is insignificantly different from that in 2003. The declines in travel

time related to obtaining goods and services and other care are the main driving forces in the

decline in travel time related to non-market work. Moreover, the ratio of travel to non-travel

time related to obtaining goods and services and other care have been relatively constant in

the past decade. The relatively constant ratios indicate that there is no strong evidence for

economizing on non-market work travel.

A careful examination of Figure 8 reveals a shift of time allocation from travel-intensive

activities such as obtaining and other care to less travel-extensive activity such as home

production. Non-travel time related to obtaining and other care have shown statistically sig-
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nificant declines at 1 percent significance level, proportional to declines in related travel time.

The decline in home production is statistically significant at 5 percent level. The decline in

non-market work travel is more likely due to shift of time allocation from travel-intensive

to non-intensive activity within the non-market work category, rather than economizing on

travel.

5.1.2 Decomposition of Disaggregated Travel Time

We conduct a Blinder-Oaxaca decomposition of changes in unconditional means of total

and disaggregated travel time for each year from 2004 to 2013, using 2003 as the base year.

Since the change in leisure travel is statistically insignificant in this period, we focus on

decomposition of market and non-market work travel instead.

Figure 9 plots total variations, the characteristics effects (contribution from demographic

shifts) and the coefficients effects (contribution from changes in within-cell means and time

effects) for total travel, work travel, non-market work travel and leisure travel for each year,

as compared to their respective levels in 2003. Consistent with decomposition results in

Section 4, contribution from demographic shifts is close to zero throughout the 2003-2013

period. Prior to the great recession demographic shifts contribute little to variations in

work travel, but after 2008, shifts in demographic composition have pushed work travel

downward, while contribution from the coefficients effects has been reverting to its level in

2003. In the end, more than half of the 0.2 hour-per-week decline in work travel time is

caused by demographic shifts, represented mostly by the shift out of working population

among the 20-49 age group.

Figure 9 shows that similar to decomposition results of total travel time, demographic

shifts also play negligible role in total variations of non-market work travel from 2004 to

2013.

Total travel time has declined by around 0.74 hours per week from 2003 to 2013. A

close look at the disaggregated travel time shows that the decline is driven by two main
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forces: First, shifts of time allocation, from travel-intensive activities to travel-non-intensive

activities, are the major driving forces behind the decline in non-market work travel time

from 2003 to 2013. These shifts include shift of time from market and non-market work

to leisure, and also from obtaining goods and services and other care to home production

within the non-market work activities. Non-market work travel declined by 0.4 hours per

week in the same period, accounting for around 54 percent of the total decline in travel time.

These shifts are not caused by demographic shifts, but more likely explained by the shift of

time allocation, which are common to all demographic groups.12 Second, work travel time

declined by 0.21 hours per week, accounting for around 28 percent of the total decline in

travel time. More than half of the decline in work travel is caused by changing demographic

composition after 2008, possibly declining work population. The declines in leisure and other

travel make up equal shares of the rest of decline. Tele-commuting and e-commerce may be

on the rise, but there is no strong evidence on economizing on travel in terms of declines in

the ratios of travel to non-travel time related to market or non-market work.

5.1.3 Substitutionary or Complementary: Co-variation of Travel Time with

Other Time Uses

Previous sections identify the main contributor to variations in total travel time as forces that

may be common to all demographic groups. Identification of reallocation patterns between

total travel and other time uses common to various demographic groups may shed light on

the aggregate forces at work. We divide the sample population into 120 demographic cells

as described in Section 4.113 and use sample weights in the surveys to compute the averages.

For each year we calculate average time use for each category and demographic cell.

To assess how forgone (augmented) travel time are reallocated across (from) different

12We have examined the shift of time allocation within each age and work-gender groups, and find that
the shift of time allocation from non-market work to leisure is a common phenomenon for each group. A&H
also have similar findings.

13For each age by education group, there are eight cells categorized by work, gender, and having child or
not. As a result, when we drop the highest education category for those under 20, the total number of cells
will be 120 (i.e., 128-8).
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time use categories, for each time use category j we estimate the following base regression:

4Hj
it = αj + βj4H travel

it + εjit, (4)

where 4Hj
it is the change in hours per week spent on time use category j for the average

individual in cell i between period t − 1 and period t, and 4H travel
it is the change in total

travel time for the average individual in cell i between period t−1 and period t. Since annual

data are available from 2003 to 2013, the variable t represents each calendar year.

Differences in time use across periods for each demographic cell represent within-cell

variations, the portion not accounted for by demographic shifts. Thus our regression focuses

on how within-cell variations in travel time and other time use categories are related. The

coefficient βj measures the fraction of foregone (augmented) travel time allocated to (from)

time use j, identified from cross-cell variations of changes in all time use categories. The

estimated coefficient is not a structural parameter intended to identify causal relations.

Instead, it is an accounting device that measures how activity covaries with travel time across

all demographic cells. A positive βj indicates that time use of category j comoves with travel

time, thus more likely complementary with travel. A negative βj indicates otherwise. We

multiply the coefficients by 100 for easy interpretation.

Table 6 reports the regression results. Column 1 shows the sample average of time use

on each category. For example, in each week an average individual in our sample spends

around 24 hours on market work, 18 hours on non-market work, and 114 hours on leisure,

including 60 hours on sleeping. We further divide leisure into leisure at home, leisure outside

and other leisure, where leisure at home includes time spent on computer, TV, sleeping,

and other home-based leisure,14 and leisure outside includes exercise and sports, socializing,

entertainment and arts. Leisure at home makes up close to 80 percent of leisure time. We

put the rest of leisure time, including gardening and petting, personal care and other self

14Other home-based leisure includes hobbies, listening to radio, listening to/playing music (not radio),
reading, relaxing and thinking, and tobacco and drug use.
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care into the third category.

In column 2 we present the estimated coefficients from regression (4) using weighted

least squares and in column 3 we present the associated standard errors. The samples are

weighted by their respective cell weights. By weighing observations we put heavier weight

on larger cells to reduce sampling errors related to smaller cells. Columns 4, 6 and 8 present

estimates when we control for demographic variables, time dummies, and demographics and

time dummies simultaneously. Columns 5, 7 and 9 report associated standard errors. As

shown in Table 6, coefficient estimates obtained with additional control variables are close

to those in the baseline regression. Henceforth we focus on coefficient estimates that are

significantly different from zero in the baseline regression.

Based on column 2, time spent on home leisure and home production are strongly sub-

stitutionary with time spent on travel across all demographic cells. On average around 53

percent of foregone travel time is allocated to home entertainment on computer and TV,

while approximately the same percentage of foregone travel time is allocated to sleeping.

Time spent on other home-based leisure also increases in response to a decrease in total

travel time. Within non-market work, home production and child care absorb around 27

percent of foregone travel time.

Column 2 shows that time spent on obtaining goods and services, other care, leisure

outside, and other leisure are complementary with time spent on travel. For every hour

reduction in total travel time, time spent on obtaining goods and services declines by 0.12

hours, and time spent on leisure outside home declines by 0.18 hours. Time spent on exercises

and sports alone declines by 0.1 hour for every hour reduction in travel time.15

From 2003 to 2013, there has been a shift of time allocation from time spent on travel,

time spent on leisure outside home and time spent on obtaining goods and services to leisure

and non-market work at home, in particular, to activities such as home entertainment on

15Figure A1 in the online appendix shows the scatter plots of 4Htravel
it with changes in six other time use

categories, ordered by degrees of substitutionarity and complementarity with travel time. The figure verifies
that outliers are not driving our results.
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computer and TV, sleeping and home production.

5.2 The Longer Horizon: 1975-2013

When we extend our analysis to a longer horizon, measure consistency becomes an important

issue. Since time use surveys prior to 2003 have fewer travel time categories, we have to

limit our travel pattern analysis to measures of time use that are present and comparable

across all time use surveys. We focus on three categories of non-travel time use and their

corresponding travel time. The categories are: market work and work travel (the same

measure as post-2003 surveys), obtaining goods and services (17 percent of non-market

work) and travel time spent on obtaining (56 percent of non-market work travel), and a core

measure of leisure (32 percent of broad-based leisure) and related travel (53 percent of broadly

defined leisure-related travel). The narrowed measure includes core leisure activities such as

socializing, recreation and passive leisure, but does not include eating, sleep, personal care

and organizational activities. In total, the three categories of non-travel time use and their

corresponding travel time make up respectively 40 percent and 62-74 percent of non-travel

and travel time use in 2003.

5.2.1 Percentage Changes in the Three Time Use Categories

Figure 10 shows percentage changes of non-travel and travel time use of the above three

categories as compared to corresponding values in 1975. The two panels in the upper row

show respectively percentage changes in market work and work travel for all the sample

population and for those who work. A comparison of the two graphs in the upper row

shows that shifts in and out of the work force play an important role for the total amount of

market work of the entire sample population. When we restrict the sample to workers only,

we observe time spent on market work declining from 1975 to 1985, and then remaining at

around the same level since 1985. As also shown in Table 7, time spent on work travel for

the entire sample increased by close to 28 percent from 1975 to 1993. However, time spent
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on work travel increased by only 7 percent if we restrict the sample to those who work for the

same time period. The contrast between the two numbers indicates that the shift into the

working population has played an important role in the increase in the work travel for the

sample population. Between 1993 and 2003 time spent on work travel declined by around 20

percent for both the entire sample and workers only, despite a 5.1 percent decline in market

work time for the sample population and statistically insignificant change in time spent on

market work by workers. Although the narrow-based leisure has followed a steady upward

trend, just as the broad-based leisure, travel time related to the narrow measure increased

drastically from 1975 to 1993, and then plummeted from 1993 to 2003.16 From 1975 to 1993,

the ratio of time spent on work travel to that on market work and the ratio of time spent

on leisure-related travel to leisure both increased, a phenomenon opposite to economizing on

travel. From 1993 to 2003, the opposite happened with both ratios declining despite stable

time spent on market work and steady increases in time spent on leisure.

To the contrary, the ratio of non-travel and travel time spent on obtaining goods and

services has been approximately constant since 1975. Both travel and non-travel time related

to obtaining goods and services have steadily declined since 1985, at an accelerating rate

after 2003. There is no evidence for economizing on travel related to the activity of obtaining.

5.2.2 Decomposition of Disaggregated Travel Time

Similar to the decomposition of total travel time, we also conduct decomposition of time

spent on travel related to work, obtaining goods and services, and leisure to quantify the

impact of demographic shifts and other forces for the three types of disaggregated travel.

Table 8 reports decomposition results using the pooled-two method. Columns 1 and 2

show the following decomposition results: (i) From 1975 to 1993, roughly 72 percent of the

increase in work travel can be explained by demographic shifts, in particular shifts across

16Non-market work travel increased between 1993 and 2003, partly due to inclusion of travel related to
other care and home production after 2003. However, the decline in leisure travel dominated the increase in
non-market work travel for this period, thus resulting in the decline in total travel time.
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work-gender groups. The shift of females from nonworking to working status is among one

of the most important contributors to the increase in work travel. (ii) Between 1993 and

2003, around 15 percent of the decrease in work travel can be accounted for by demographic

shifts, with changes in age composition equally important as in work-gender composition.

(iii) Consistent with our analysis in previous sections, demographic shifts account for 38

percent of the decrease in work travel from 2003 to 2013, with the shifts among work-gender

groups, in particular the decline in the fraction of working population the main contributor

to the decline in work travel. Shifts in education composition, despite being a prominent

factor in evolution of total travel time, do not play a noticeable role in explaining variations

in time spent on work travel.

Columns 3 and 4 show decomposition results for travel related to obtaining goods and

services. From 1975 to 1993, although changes in the work-gender composition, especially

an increasing number of women in the work force, may have reduced the time spent on

obtaining, changes in education composition completely offsets the small negative effect.

From 1993 to 2003, the shift toward lower education groups explains a small amount of

decline in obtaining travel. From 2003 to 2013, demographic shifts, especially increases in

educational attainment on average, push the time spent on obtaining to increase, albeit by

a small amount. The small positive effect is dominated by forces related to time effects and

changes in within-cell means, resulting in a decline in time spent on obtaining travel.

Columns 5 and 6 report decomposition results for travel related to the narrowly defined

leisure. From 1975 to 1993, roughly 28 percent of the increase in leisure travel can be

explained by demographic shifts. Increases in the educational attainment, the fraction of

people in their 20s to 50s, and the fraction with no children, contribute positively to the

increase in leisure travel. However, the shift from nonworking to working status during

this period offsets part of the increase. From 1993 to 2003, demographic shifts explain

around 6 percent of the decline in leisure travel, with aging of baby boomers, decreases in

education attainment and increases in the fraction of people with children all contributing
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to the decrease. The decline in the fraction of working population in this period, however,

exerts a positive but small effect on the time spent on leisure travel. From 2003 to 2013,

the change in leisure travel is statistically insignificant. Among the small combined effects

of demographic shifts, the increase in education attainment, the shift out of work status and

the decline in the fraction with children push up leisure travel, only to be countered by the

impact of an aging population.

Relating decomposition results with the percentage changes in both travel and non-travel

time, it is clear that work travel and leisure travel change more than their corresponding

non-travel time in the period before 2003, even conditional on demographic shifts. The

decomposition results again point to the importance of the portion not explained by demo-

graphic shifts.

5.2.3 Substitutionary and Complementary Patterns over the Long Horizon

We run the same regression as equation (4) to examine reallocation patterns between 1975

and 2013. Since annual data are not available before 2003, we redefine each period as

representing ten years. As a result, we examine changes in time use for 120 cells over the

following periods: 1975-1985, 1985-1993, 1993-2003, and 2003-2013.17

Table 9 shows the regression results. The columns correspond to those in Table 6. In

contrast to the role of time dummies in the same regression for annual data from 2003 to 2013,

controlling time dummies has strong impact on some regression estimates. The importance

of time dummies indicates large ten-year differences in various time use categories across the

four decades we examine.

For the long horizon regression, we focus on column 6, in particular those coefficient

estimates significantly different from zero. Column 6 shows that for every one hour reduction

in total travel time, on average around 56 percent of foregone travel time is allocated to

sleeping, a similar amount as in the results for the period 2003-2013. Since data on computer

17We multiply the changes in time use from 1985 to 1993 by 10
8 to account for the shorter gap in this

period compared to others.
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use are only available after 1993, we separate leisure at home into TV and other home leisure.

Around 40 percent of foregone travel time is allocated to TV watching, and 25 percent

allocated to other types of home leisure. Sleeping, watching TV and other home-based

leisure are the three most prominent destination of time substituted out of travel use.

Column 6 also shows that leisure outside home, and time spent on obtaining goods and

services are complementary with time spent on travel. As total travel time declines by one

hour, time spent on leisure outside home declines by around 0.27 hours, time spent on civil

activities decline by 0.21 hours, and time spent on obtaining goods and services declines by

around 0.09 hours.

Despite quantitative differences, the substitutionary and complementary patterns of total

travel time with other time use categories are similar between the long horizon and the short

horizon of the recent decade.

6 Discussion and Conclusion

In this paper we document that total travel time increased between 1975 and 1993, reached a

peak sometime between 1993 and 2003, and has declined ever since for at least a decade. As

a result, an average individual spends similar amount of time on travel in 2013 as in the 1960s

and 1970s. A Blinder-Oaxaca decomposition shows that changes in education composition

play a prominent role in the increase in total travel time from 1975 to 1993. After 1993,

demographic shifts play a small role in the evolution of total travel time, even more so during

the recent decade. We find that a shift of time allocation from travel-intensive market and

non-market work to travel-non-intensive leisure is the main driving force behind the decline

in travel time from 2003 to 2013.

We also examine how travel time covaries with other time use categories. We find that the

decline in travel time is associated with reduction in time spent on leisure outside home, time

spent on obtaining goods and services, and time spent on civil activities. Leisure at home,
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especially entertainment using computer and TV and sleeping, are the major alternative

time uses coupled with a decline in total travel time. Effectively, in addition to a shift of

time allocation from market and non-market work to leisure, there is an increasing allocation

of time to leisure at home compared to leisure outside.

Covariations of travel time with other time use categories, although not causal, can still

provide insight on the aggregate forces affecting total travel time. There are two hypotheses.

The first hypothesis relates to fluctuations in gasoline prices. Since vehicle travel remains the

primary travel mode for Americans, it is possible that fluctuations in gasoline prices directly

impact the demand for travel, and thus affect time allocation between travel-intensive and

travel-non-intensive activities. The second hypothesis is based on unbalanced growth rates

of productivity in market, non-market work, leisure and transportation sectors. Changes in

either the efficiency of transportation or the productivity of any activities substitutionary

with travel may cause reallocation of travel time and other time uses.

The period from 1975 to 1993 witnessed a 24-percent decline in gasoline prices, as well

as a 20-percent increase in total travel time, where around 55 percent of the increase is

not explained by demographic shifts. The period from 2003 to 2013 witnessed a 73-percent

increase in gasoline prices, accompanied by only 9 percent decline in total travel time, mostly

not explained by demographic shifts. Total travel time declined by 11 percent from 1993

to 2003, with a possible peak in between, which is the largest decline seen within a decade.

However, that decade is the time period with not only stable but also low gasoline prices

compared to other subperiods.

The decline in gasoline prices from 1980 to 1993 may have fueled the increase in total

travel time from 1975 to 1993. Due to absence of data on annual travel time between 1993

and 2003, it is difficult to identify a turning point at which total travel time embarks on a

declining trend. We also cannot rule out that the turning point in total travel time actually

coincides with that in gasoline prices. Thus it is possible that changes in gasoline prices

may be a trigger for declines in travel time among other possible causes. The increase in
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gasoline prices seems to have less impact on travel time during the period from 2003 to 2013

compared to the first subperiod. Despite the dramatic increase in gasoline prices, both work

travel for workers and leisure travel barely change significantly. The decline in non-market

work travel is in lockstep with the decline in time allocated to non-market work, thus it

is hard to attribute that decline to increases in gasoline prices. Although time spent on

obtaining goods and services may be sensitive to gasoline price changes, the decline in time

spent on obtaining has started even before 1993. Thus it is difficult to establish a convincing

connection between increases in gasoline prices and declines in total travel time after 2003.18

In addition to variations in gasoline prices, uneven growth rates of productivity in market

and non-market sectors may also explain shifts in time allocation. As the growth rate of

productivity is higher in the market than non-market sector, the substitutionary nature of

market goods and home goods may lead to a decline in time spent on non-market work.

Since non-market work is travel-intensive, the decline in non-market work may cause non-

market work travel, and total travel to decline as well. Another change in the growth rate of

productivity pertains to the the transportation sector. Traffic congestion and deterioration

of road conditions may all make travel a not efficient way to use time compared to other

time use categories, thus leading to less travel time. Our substitution patterns point to

substitution of travel time toward home entertainment on computer and TV. Such patterns

imply an increase in efficiency of leisure time in generating utility, which may persuade people

to spend more time at home instead of travel.

Both fluctuations in gasoline prices and unbalanced growth rates across relevant sectors

are possible explanations for evolutions of total travel time, in addition to demographic

shifts. We have measured the contribution of demographic shifts in the present study. In

a companion study, Wei (2015) models optimal time allocation in an environment with

fluctuations in gasoline prices and unbalanced growth rates across sectors. The structural

model may help us to quantitatively evaluate the validity of each hypothesis.

18We have also examined whether differences in travel time across states are related to cross-state variations
in gasoline prices. The effect of gasoline price change is not significant.
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Table 1: Description of Time Use Surveys and Analysis Samples

Dataset Survey
Total

Sample
Size

Analysis
Sample 1

Size

Analysis
Sample 2

Size

Number of
Time Use &

Travel Categories

1965 Americans’ Use
of Time

2,001 1,934 [95], [9]

1975 Time Use in
Economic and Social

Accounts

2,406 2,217 1,870 [87], [9]

1985 Americans’ Use
of Time

4,939 4,240 3,629 [88], [9]

1993 National Human
Activity Pattern

Survey

9,383 7,258 6,018 [91], [10]

2003 American Time
Use Survey

20,720 19,759 16,255 [435], [58]
2004 13,973 13,318 10,889 [449], [68]
2005 13,038 12,418 10,255 [456], [76]
2006 12,943 12,200 9,970 [456], [76]
2007 12,248 11,606 9,477 [459], [76]
2008 12,723 12,108 9,876 [459], [76]
2009 13,133 12,568 10,220 [459], [76]
2010 13,260 12,679 10,277 [459], [76]
2011 12,479 11,978 9,623 [459], [76]
2012 12,443 11,975 9,557 [459], [76]
2013 11,385 10,952 8,626 [459], [76]

Analysis Sample 1: uses surveys 1975-2013, including age 18 and above who report age, working
and retirement status have children or not, and have complete time use record.

Analysis Sample 2: uses surveys 1965-2013, including age 19 (included) to age 65 (included) who
report age, working and retirement status, have children or not, and have complete time use record.

For surveys prior to 2003, the number of time use and travel categories are counted by variables
constructed in the dataset. For 2003-2013 ATUS, the number of time use and travel categories are
counted by the 6-digit activity codes.
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Table 3: Average Total Travel Time Use (Hours per Week)

(Pooled Regression Results)

1975-2013 Sample 1965-2013 Sample
Weighted OLS Demographics Weighted OLS Demographics

(1) (2) (3) (4)

Survey 1965 8.77∗∗∗ (0.10) 7.05∗∗∗ (0.23)
Survey 1975 8.43∗∗∗ (0.09) 7.78∗∗∗ (0.16) 8.98∗∗∗ (0.10) 7.36∗∗∗ (0.22)
Survey 1985 9.78∗∗∗ (0.09) 8.67∗∗∗ (0.16) 10.20∗∗∗ (0.10) 8.27∗∗∗ (0.23)
Survey 1993 10.10∗∗∗ (0.09) 8.64∗∗∗ (0.16) 10.40∗∗∗ (0.10) 8.16∗∗∗ (0.23)
Survey 2003 9.03∗∗∗ (0.09) 7.73∗∗∗ (0.16) 9.50∗∗∗ (0.10) 7.27∗∗∗ (0.23)
Survey 2004 8.92∗∗∗ (0.09) 7.61∗∗∗ (0.16) 9.34∗∗∗ (0.10) 7.12∗∗∗ (0.23)
Survey 2005 8.84∗∗∗ (0.09) 7.51∗∗∗ (0.16) 9.21∗∗∗ (0.10) 6.95∗∗∗ (0.23)
Survey 2006 8.76∗∗∗ (0.09) 7.44∗∗∗ (0.17) 9.25∗∗∗ (0.10) 7.01∗∗∗ (0.23)
Survey 2007 8.61∗∗∗ (0.09) 7.25∗∗∗ (0.17) 8.99∗∗∗ (0.10) 6.72∗∗∗ (0.23)
Survey 2008 8.41∗∗∗ (0.09) 7.07∗∗∗ (0.17) 8.86∗∗∗ (0.10) 6.59∗∗∗ (0.23)
Survey 2009 8.42∗∗∗ (0.09) 7.12∗∗∗ (0.17) 8.92∗∗∗ (0.10) 6.69∗∗∗ (0.23)
Survey 2010 8.37∗∗∗ (0.09) 7.08∗∗∗ (0.16) 8.86∗∗∗ (0.10) 6.65∗∗∗ (0.23)
Survey 2011 8.49∗∗∗ (0.09) 7.19∗∗∗ (0.16) 8.90∗∗∗ (0.10) 6.68∗∗∗ (0.23)
Survey 2012 8.44∗∗∗ (0.09) 7.16∗∗∗ (0.17) 8.90∗∗∗ (0.10) 6.70∗∗∗ (0.23)
Survey 2013 8.29∗∗∗ (0.09) 7.00∗∗∗ (0.17) 8.70∗∗∗ (0.10) 6.47∗∗∗ (0.23)
Age:20-49 -1.06∗∗∗ (0.14) -0.52∗∗∗ (0.20)
Age:50-65 -1.57∗∗∗ (0.14) -0.97∗∗∗ (0.20)
Age: 65+ -2.64∗∗∗ (0.15)
Male 0.53∗∗∗ (0.05) 0.57∗∗∗ (0.05)
Working 1.68∗∗∗ (0.06) 1.71∗∗∗ (0.06)
Grade:12 0.67∗∗∗ (0.07) 0.51∗∗∗ (0.08)
Grade:13-15 1.50∗∗∗ (0.08) 1.40∗∗∗ (0.09)
Grade:16+ 2.21∗∗∗ (0.08) 2.03∗∗∗ (0.09)
Have Child 0.34∗∗∗ (0.05) 0.34∗∗∗ (0.05)

Difference:

1993-1965 1.63∗∗∗

1993-1975 1.67∗∗∗ 1.42∗∗∗

2003-1993 -1.07∗∗∗ -0.90∗∗∗

2013-2003 -0.74∗∗∗ -0.80∗∗∗

Notes: Standard errors in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 4: Blinder-Oaxaca Decomposition of Total Travel Time

Panel A: 1975 -1993

(1) (2) (3) (4)
Pooled-two Ref 1993 Ref 2003 Ratio

Overall

Survey 1993 10.10∗∗∗ 10.10∗∗∗ 10.10∗∗∗

(0.10) (0.15) (0.15)
Survey 1975 8.43∗∗∗ 8.43∗∗∗ 8.43∗∗∗

(0.42) (0.20) (0.20)
Difference 1.67∗∗∗ 1.67∗∗∗ 1.67∗∗∗

(0.43) (0.25) (0.25)
Characteristics Effects 0.75∗∗∗ 0.90∗∗∗ 0.65∗∗∗ 45.2%

(0.12) (0.17) (0.14)
Coefficients Effects 0.91∗∗ 0.76∗∗∗ 1.02∗∗∗ 54.8%

(0.43) (0.28) (0.28)

Characteristics Effects

Age 0.18∗∗∗ 0.25∗∗∗ 0.11∗∗∗ 10.5%
(0.04) (0.06) (0.04)

Work-Gender 0.12∗∗∗ 0.08 0.15∗∗∗ 7.1%
(0.04) (0.07) (0.05)

Education 0.47∗∗∗ 0.53∗∗∗ 0.41∗∗∗ 27.9%
(0.10) (0.14) (0.13)

Child -0.01 0.05 -0.03 -0.3%
(0.04) (0.06) (0.05)

Coefficients Effects

Age -0.20 -0.28 -0.14
(0.63) (0.37) (0.34)

Work-Gender -0.32 -0.28 -0.36
(0.61) (0.41) (0.35)

Education 0.06 -0.00 0.11
(0.17) (0.09) (0.13)

Child 0.26 0.21 0.29
(0.47) (0.21) (0.29)

Constant 1.12 1.12∗∗ 1.12∗∗

(0.96) (0.55) (0.55)

Notes: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Robust Standard Errors in Parentheses.

The ratio of characteristics effects or coefficients effects relative to total difference in
column (4) is calculated based on the pooled-two method.
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Table 4 Continued: Blinder-Oaxaca Decomposition of Total Travel Time

Panel B: 1993 -2003

(1) (2) (3) (4)
Pooled-two Ref 1993 Ref 2003 Ratio

Overall

Survey 2003 9.03∗∗∗ 9.03∗∗∗ 9.03∗∗∗

(0.06) (0.09) (0.09)
Survey 1993 10.10∗∗∗ 10.10∗∗∗ 10.10∗∗∗

(0.28) (0.15) (0.15)
Difference -1.07∗∗∗ -1.07∗∗∗ -1.07∗∗∗

(0.29) (0.17) (0.17)
Characteristics Effects -0.18∗∗∗ -0.15∗∗∗ -0.21∗∗∗ 16.0%

(0.03) (0.05) (0.04)
Coefficients Effects -0.89∗∗∗ -0.91∗∗∗ -0.86∗∗∗ 84.0%

(0.29) (0.18) (0.18)

Characteristics Effects

Age -0.10∗∗∗ -0.09∗∗∗ -0.11∗∗∗ 8.9%
(0.02) (0.03) (0.02)

Work-Gender -0.02 -0.02 -0.03∗ 1.8%
(0.01) (0.02) (0.01)

Education -0.06∗∗∗ -0.06∗∗ -0.07∗∗∗ 6.3%
(0.02) (0.02) (0.02)

Child 0.01 0.01 0.00 -1.0%
(0.01) (0.02) (0.01)

Coefficients Effects

Age -0.13 -0.14 -0.12
(0.37) (0.22) (0.24)

Work-Gender 0.08 0.07 0.08
(0.51) (0.31) (0.32)

Education -0.01 -0.01 -0.01
(0.12) (0.05) (0.08)

Child -0.05 -0.05 -0.04
(0.25) (0.17) (0.15)

Constant -0.79 -0.79∗∗ -0.79∗∗

(0.63) (0.39) (0.39)

Notes: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Robust Standard Errors in Parentheses.

The ratio of characteristics effects or coefficients effects relative to total difference in
column (4) is calculated based on the pooled-two method.
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Table 4 Continued: Blinder-Oaxaca Decomposition of Total Travel Time

Panel C: 2003 - 2013

(1) (2) (3) (4)
Pooled-two Ref 1993 Ref 2003 Ratio

Overall

Survey 2013 8.29∗∗∗ 8.29∗∗∗ 8.29∗∗∗

(0.15) (0.11) (0.11)
Survey 2003 9.03∗∗∗ 9.03∗∗∗ 9.03∗∗∗

(0.07) (0.09) (0.09)
Difference -0.74∗∗∗ -0.74∗∗∗ -0.74∗∗∗

(0.17) (0.14) (0.14)
Characteristics Effects -0.02 -0.00 -0.03 2.2%

(0.02) (0.03) (0.03)
Coefficients Effects -0.73∗∗∗ -0.74∗∗∗ -0.71∗∗∗ 97.8%

(0.17) (0.14) (0.14)

Characteristics Effects

Age -0.05∗∗∗ -0.07∗∗∗ -0.04∗∗ 7.4%
(0.01) (0.02) (0.02)

Work-Gender -0.06∗∗∗ -0.05∗∗∗ -0.07∗∗∗ 8.2%
(0.01) (0.01) (0.01)

Education 0.11∗∗∗ 0.13∗∗∗ 0.10∗∗∗ -15.0%
(0.01) (0.02) (0.02)

Child -0.01∗ -0.00 -0.02∗∗ 1.6%
(0.01) (0.01) (0.01)

Coefficients Effects

Age 0.13 0.15 0.12
(0.23) (0.19) (0.19)

Work-Gender 0.14 0.13 0.15
(0.30) (0.24) (0.25)

Education -0.06 -0.08 -0.05
(0.06) (0.06) (0.04)

Child 0.17 0.16 0.18
(0.14) (0.12) (0.13)

Constant -1.10∗∗∗ -1.10∗∗∗ -1.10∗∗∗

(0.42) (0.35) (0.35)

Notes: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Robust Standard Errors in Parentheses.

The ratio of characteristics effects or coefficients effects relative to total difference in
column (4) is calculated based on the pooled two method.
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Table 8: Blinder-Oaxaca Decomposition of Disaggregated Travel Time

Work Travel Obtaining Travel Leisure (narrow) Travel
(1) (2) (3) (4) (5) (6)

Panel A: 1975-1993
Overall
Survey 1993 2.77∗∗∗ 2.03∗∗∗ 2.25∗∗∗

Survey 1975 2.17∗∗∗ 1.92∗∗∗ 1.80∗∗∗

Difference 0.60∗∗∗ 0.11 0.44∗

Characteristics Effects 0.43∗∗∗ 72.2% 0.05 43.0% 0.13∗∗ 28.3%
Coefficients Effects 0.17 27.8% 0.06 57.0% 0.32 71.7%

Characteristics Effects
Age 0.04∗∗∗ 6.8% 0.01 11.6% 0.07∗∗∗ 16.0%
Work-Gender 0.36∗∗∗ 60.1% -0.09∗∗∗ -75.7% -0.08∗∗∗ -17.4%
Education 0.03 4.6% 0.12∗∗∗ 109.9% 0.09∗∗ 21.1%
Child 0.00 0.7% -0.00 -2.8% 0.04∗∗ 8.5%

Panel B: 1993-2003
Overall
Survey 2003 2.14∗∗∗ 1.98∗∗∗ 1.53∗∗∗

Survey 1993 2.77∗∗∗ 2.03∗∗∗ 2.25∗∗∗

Difference -0.64∗∗∗ -0.05 -0.72∗∗∗

Characteristics Effects -0.09∗∗∗ 15.0% -0.02 25.9% -0.05∗∗∗ 5.8%
Coefficients Effects -0.55∗∗∗ 85.0% -0.04 74.1% -0.68∗∗∗ 94.2%

Characteristics Effects
Age -0.04∗∗∗ 7.2% -0.00 6.9% -0.03∗∗∗ 4.2%
Work-Gender -0.05∗∗ 7.5% 0.01 -8.6% 0.01∗∗∗ -2.0%
Education 0.00 -0.5% -0.02∗∗∗ 32.8% -0.01∗ 1.6%
Child -0.00 0.7% 0.00 -5.3% -0.02∗∗∗ 2.1%

Panel C: 2003-2013
Overall
Survey 2013 1.93∗∗∗ 1.83∗∗∗ 1.54∗∗∗

Survey 2003 2.14∗∗∗ 1.98∗∗∗ 1.53∗∗∗

Difference -0.21∗∗∗ -0.15∗∗ 0.01
Characteristics Effects -0.08∗∗∗ 38.1% 0.03∗∗∗ -19.7% 0.01
Coefficients Effects -0.12∗ 61.9% -0.18∗∗ 119.7% -0.00

Characteristics Effects
Age -0.01 2.9% -0.00 0.7% -0.03∗∗∗

Work-Gender -0.10∗∗∗ 44.1% 0.00 -2.6% 0.01∗∗∗

Education 0.02∗∗∗ -7.6% 0.03∗∗∗ -19.0% 0.02∗∗∗

Child 0.00 -1.2% -0.00 1.1% 0.01∗∗∗

∗p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Notes: The decomposition results in this table are based on pooled two method. Columns (2), (4),
and (6) are ratios of characteristics effects and coefficients effects relative to the total difference of each
disaggregated travel time use respectively. The details of coefficients effects are suppressed due to mostly
insignificance.
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Figure 1: Total Travel Time Use
(1975-2013 Sample vs. 1965-2013 Sample)

Figure 2: Total Travel Time Use by Demographic Groups
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Figure 3: Evolving Weights of Age-Work-Gender Groups

Figure 4: Evolving Weights of Education and With Children Groups
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Figure 5: Composition of Average Time Use (2003)

Figure 6: Percentage Change of Time Use from 2003
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Figure 7: Composition of Average Non-Market Work Time (2003)

Figure 8: Percentage Change of Time Use in Non-market Work from 2003
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Figure 9: Blinder-Oaxaca Decomposition of Travel Time Variations (2003-2013)

Figure 10: Percentage Change of Time Use from 1975
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