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Abstract

Daily commuting of workers is a complex phenomenon that has long attracted research
attention and, despite the significant literature acknowledging differences between morning
and evening commuting, commuting trips to and from work are considered symmetric in
much of the prior research. We explore the asymmetries in time spent commuting to and
from work, in seven countries, using detailed time use records from the Multinational Time
Use Study (MTUS). We focus on the duration, mode of transport, and timing of commuting
trips, and we provide evidence of the socio-demographic characteristics related to such
asymmetries. We find that commutes to work (usually in the morning) last longer than
commutes from work (usually in the afternoon or evening), although there are quantitative
differences among countries. The timing of commuting also differs across countries,
although commutes to work are more concentrated at certain hours in the morning than
commutes from work. Our results may provide a better analysis of public policies, and open
questions for future research, tackling the correlation between commuting behaviors and
worker well-being, land use and city structure, and extreme commuting, among others.
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1. Introduction

The daily commuting of workers is a complex phenomenon that has long attracted research
attention. In Europe, one of five workers commute more than 90 minutes per day, the
average one-way commute in the United States increased to a new high of 27.6 minutes in
2019 (Burd, Burrows and McKenzie, 2021), and commuting times are increasing in many
developed economies (Susilo and Maat, 2007; Kirby and LeSage, 2009; McKenzie and
Rapino, 2009; Gimenez-Nadal, Molina and Velilla, 2018a).! Furthermore, the negative
consequences of commuting spread to the daily lives of individuals. For instance, longer
commutes have been related to decreased worker health outcomes, lower subjective and
psychological well-being, increased stress and sickness absenteeism, lower worker
productivity, and significant negative effects on wages (Kahneman and Krueger, 2006; van
Ommeren and Gutierrez-i-Puigarnau, 2011; Mulalic, van Ommeren and Pilegaard, 2014;
Kunn-Nelen, 2016; Grinza and Rycx 2020). Moreover, commuting is related to the question
of how economic activity affects the environment. In the United States, beginning in 2016,
the transportation sector overtook the power sector as the primary source of GHG emissions
(Bleviss, 2021). Transportation currently accounts for a quarter of the European Union’s

greenhouse gas emissions (European Commission, 2019).

Despite the importance of the topic, much prior research has not considered that
commuting trips to and from work may be asymmetric in terms of duration, concentration
around a certain hour of the day, and mode of transport. As a result, asymmetries in two-
way commuting time are an under-investigated issue, with very few exceptions.?
Asymmetries in two-way commuting times are important to analyze, as considering
commuting as a symmetrical phenomenon may limit the conclusions obtained in prior
studies. For instance, Smith (2017) analyzes the commute to work and finds that traffic
congestion significantly decreases commuter well-being. If the morning commute is
concentrated at peak hours, in comparison to evening commuting, this leads to more traffic

congestion in the mornings and thus lower well-being of workers, which may ultimately

I https://www.sdworx.com/en/press/2018/2018-09-20-more-than-20percent-of-europeans-commute-at-least-90-minutes-

daily

2 The literature on road pricing mainly focuses on one part (the morning) of commuting trips, and the analysis
of commuting from work is left out of the analysis. Recently, Coria and Zhang (2017) studied asymmetries in
commuting, finding significant differences between morning and evening commuting.
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affect their productivity (Oswald, Proto and Sgroi, 2015). This phenomenon may justify
firms and governments applying policies where their workers have flexibility in their
starting times. Gimenez-Nadal and Molina (2019) show that longer commutes are related to
more negative feelings during childcare activities, which may have detrimental effects on
the education of children. However, as in most studies using time use surveys (Gimenez-
Nadal and Molina, 2016, Gimenez-Nadal, Molina and Velilla, 2018a, 2018b, 2020b) the
time in commuting is computed as the total time in commuting during the day, without
considering that the morning commute may be longer and thus more significant in terms of

those negative feelings.

On theoretical grounds, the literature has defined “excess” commuting (Hamilton, 1982,
1989) and “extreme” commuting (Marion and Horner, 2007; Bai et al., 2020) as tools to
analyze the optimal commuting behavior of workers. But no asymmetries in commuting
travels are implicitly considered within this literature. In the case of excess commuting, if
the morning commute is done at peak hours of the day, while the evening commute is subject
to less traffic congestion, the definition of excess commuting will vary depending on the
time of the day and the mode of transport used. In the case of “extreme” commuting, if
asymmetries in commuting time are taken into account, the prior literature could redefine
the definition of extreme commuting that is based on total commuting time (Jones et al.,
2008, Vincent-Geslin and Ravalet, 2016) towards a definition that is based on the duration

of specific journeys (Marion and Horner, 2007; Bai et al., 2020).

Within this framework, this paper explores whether the time spent commuting to and
from work is symmetric, with a focus on the timing of these activities, the means of transport
used, and the differences in duration of such trips. To the best of our knowledge, the
asymmetry of commuting trips, for a group of countries, has not previously been analyzed.
To that end, we explore the time spent commuting to and from work in Canada, Finland,
France, South Korea, Spain, the UK, and the US, using detailed time use records from the
Multinational Time Use Study (MTUS). We find that, in general, commutes to work last
longer than commutes from work, for both women and men, but with quantitative
differences among countries. The timing of commuting also differs across countries, but
generally commutes to work are more concentrated at certain hours than commutes from
work. Furthermore, there appear to be some differences in commuting to work, and

commuting from work times, that are partially explained by worker characteristics. Finally,
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we find a significant connection between the differences in the commuting to/from work,
and the mode of transport, although this correlation is not heterogeneous between countries.
The use of public transport is related to longer times of commuting to work, and shorter
times of commuting from work, in all the countries except France. However, commuting by
private vehicle has mixed effects on commuting differences, which can largely be explained

by variations in transport infrastructures.

The remainder of the paper is structured as follows. Section 2 presents a literature
review on commuting and its correlations with individual, urban, and environmental
attributes. Section 3 presents the data and describes the main variables of interest. Section 4
describes the timing of commuting to and from work (when, specifically, do workers
commute). Section 5 shows descriptive evidence on the time devoted to commuting,
together with the modes of transport used. Section 6 empirically analyzes the socio-
demographic factors related to differences in the time spent commuting to and from work.

Section 7 presents a discussion of the results, and Section 8 draws conclusions.

2. Literature review

Commuting and worker characteristics

An extensive literature has analyzed worker commuting behaviors, focusing on the
relationship between commuting and the personal socioeconomic characteristics of workers.
First, these studies have concluded that males’ and females’ commuting behaviors are
different, as males spend more time commuting than do their female counterparts.?
Furthermore, gender differences in commuting behaviors have been linked to existing

differences in housework times, other time allocations, and wages (Iwata and Tamada, 2014;

3 Studies reporting the existence of a commuting gender gap include Kain (1962), Hanson and Johnston (1985),
White (1986), Grieco, Pickup and Whipp (1989), Dex, Clark and Taylor (1995), Turner and Niemeirer (1997),
Lee and McDonald (2003), Moss, Jack and Wallace (2004), Crane (2007), Mok (2007), Sandow (2008), van
Ommeren and van der Straaten (2008), Sandow and Westin (2010), Roberts, Hodgson and Dolan (2011),
Dargay and Clark (2012), McQuaid and Chen (2012), O’Kelly, Niedzielski and Gleeson (2012), Dickerson,
Hole and Munford (2014), Gimenez-Nadal and Molina (2014, 2016), Oakil, Nijland and Dijst (2016),
Gimenez-Nadal, Molina and Velilla (2018a, 2020a), Albert, Casado-Diaz and Simén (2019), Le Barbanchon,
Rathelot and Roulet (2019), and Nafilyan (2019).



Gimenez-Nadal, Molina and Velilla, 2018a), gender roles and identity values constraints

(Sandow and Westin, 2010), and transportation needs (Gimenez-Nadal and Molina, 2016).

The level of education is also related to the commuting behavior of workers, as highly
educated individuals who look for more specialized job positions seem to be willing to spend
more time commuting (commute longer distances) to access these jobs (Rouwendal and
Nijkamp, 2004; Dargay and van Ommeren, 2005; Sandow and Westin, 2010; Dargay and
Clark, 2012). Age, race, and citizenship status are also related to commuting time (Aguiar
and Hurst, 2007; van Ommeren and van der Straaten, 2008; Sevilla, Gimenez-Nadal and
Gershuny, 2012; McQuaid and Chen, 2012; Gimenez-Nadal, Molina and Velilla, 2018a,
2018b; Albert, Casado-Diaz and Simon, 2019). Several authors have concluded that
commuting and employment type are connected, as commutes change with worker
occupation, and there are differences in commuting behaviors between employees and self-
employed workers, and between private sector employees and public workers (van
Ommeren and van der Straaten, 2008; McQuaid, 2009; McQuaid and Chen, 2012; Walks,
2014; Gimenez-Nadal, Molina and Velilla, 2018a, 2020a; Albert, Casado-Diaz and Simon,
2019). Additionally, the number of hours usually worked per week by respondents is also
important in determining commuting behavior, as some authors have found a positive link

between work hours and commuting (Gutierrez-i-Puigarnau and van Ommeren, 2010).

Furthermore, household composition has been found to be a significant determinant of
commuting behaviors (Hanson and Johnston, 1985; Johnston, 1992; Lee and McDonald,
2003; McQuaid and Chen, 2012; Gimenez-Nadal and Molina, 2016). For instance, married
and unmarried respondents have been found to commute differently, with married workers
commuting longer time/distance, relative to the commutes of single workers (Roberts,
Hodgson and Dolan, 2011; McQuaid and Chen, 2012; Gimenez-Nadal, Molina and Velilla,
2018a). In this sense, some authors have analyzed the commuting behavior of members of
couples and have reported that spouses’ commuting behaviors are related (Carta and De
Philippis 2018; Hong, Lee and McDonald 2018). The presence of children has also been
linked to different commuting behaviors, especially among women (Hanson and Johnston,
1985; Lee and McDonald, 2003; McQuaid and Chen, 2012); according to the Household
Responsibilities Hypothesis (Gimenez-Nadal and Molina, 2016), mothers spend more time
in childcare activities and other unpaid work activities than do males and they need more

time for childcare than female workers without kids, leading to shorter commutes. Beyond
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that, the availability of cars in the household is also linked to different commuting times

(Dargay and Clark, 2012; McQuaid and Chen, 2012).

Some authors have studied how commuting time correlates to other worker activities
and time-allocation decisions (see Chatterjee et al., 2020). In an urban efficiency wages
context, commuting time is considered a shock to worker time endowments (Zenou, 2006,
2009). According to these models, longer commutes produce reduced worker productivity
through their impact on leisure (Ross and Zenou, 2008). In this context, Gimenez-Nadal,
Molina and Velilla (2018b, 2020b) show positive evidence for the US and European
countries that longer commutes are associated with reduced leisure time, and compensated
for with increased shirking behaviors at work (i.e., non-work activities at the workplace). In
a different context, the correlation between commuting times and other daily activities has
been analyzed, including analyses of leisure and childcare (Roberts, Hodgson and Dolan,
2011; Gimenez-Nadal, Molina and Velilla, 2019), personal care activities (Rosales-Salas
and Jara-Diaz, 2017), and labor supply (Connolly, 2008, 2018; Gershenson, 2013; Jessoe,
Manning and Taylor, 2018; Kriiger and Neugart, 2018). The impacts on worker daily
activities have been found to produce work-family imbalances (Christian, 2012; Hilbrecht,

Smale and Mock, 2014).

Applied research has routinely focused on commuting as a solitary, individual process,
disregarding the potential for sharing a commute with others. Roberts, Hodgson and Dolan
(2011) analyze household commutes, but do not directly address whether commutes are
done jointly. Picard, de Palma and Dantan (2014), and Chiappori et al. (2014) studied the
joint commuting behaviors of French households in a collective setting (Chiappori, 1988,
1992), focusing on bargaining power and joint commuting decisions, while de Palma,
Lindsey and Picard (2015) found that couples tend to coordinate their commuting behaviors.
Picard, Dantan and de Palma (2018) conclude that car ownership is endogenously related to
joint commuting behaviors in Paris, using a “value of time” model (see Train and
McFadden, 1978), and de Palma, Inoa and Picard (2014) and Picard, Dantan and de Palma

(2018) provide reviews of the scarce research on commuting as a joint activity.

Commuting and geographical characteristics



Prior literature has identified a complex relationship between the commuting behavior of
workers, and urban forms and geographic characteristics (Cropper and Gordon, 1991; Small
and Song, 1992; Manning, 2003; Rodriguez, 2004; Gimenez-Nadal, Molina and Velilla,
2018a). For instance, one theory that links worker commutes and urban forms is the
“Monocentric city” model (Alonso, 1964; Mills, 1967; Muth, 1969), a descriptive model of
cities with a central business district, to analyze the proximity of housing and workplaces.
The “Polycentric city” model (Muller, 1981; Garreau, 1991; Knox and McCarthy, 2005),
which considers multiple business districts, is another model that accounts for complex
relationships between commuting and urban forms. Another theory that links commuting
times and urban forms is the Spatial Mismatch Hypothesis (see a review in Gobillon, Selod
and Zenou, 2007). According to this theory, there is a disconnection between inner city
ghettos and the outskirts, and low-skilled workers reside in ghettos in the city center, while
most of the low-skilled job vacancies are in the outskirts. Such disconnection causes poor

labor market outcomes among low-skilled workers, relative to highly-skilled workers.

Empirically, several authors have analyzed the relationship between urban
forms/geographic characteristics and workers’ commuting behavior, although this
relationship is complex, as commuting is correlated with different interactions of
geographical and regional attributes, and also to stochastic or unobservable factors, such as
weather conditions (Connolly, 2008, 2018; Jessoe, Manning and Taylor, 2018; Kriiger and
Neugart, 2018). Despite a lack of consensus about the particular channels through which the
urban/metropolitan level may affect commuting times (Manning, 2003; Rodriguez, 2004;
van Acker and Witlox, 2011; Gimenez- Nadal, Molina and Velilla, 2018a), there is some
agreement about how certain urban characteristics relate to commuting behaviors. For
instance, population size of the area of residence is positively correlated with worker
commuting times (Gordon, Kumar and Richardson, 1989; Mieszkowski and Mills, 1993;
Kahn, 2000). Moreover, workers living in lower-density regions, and workers living in large
cities, have longer commutes, relative to workers living in middle-density regions (White,
1988; Hamilton, 1989; Gordon, Kumar and Richardson, 1989; Kahn, 2000; van Ommeren
and van der Straaten, 2008).

Similarly, Gimenez-Nadal, Molina and Velilla (2018a, 2020a) found that, in the US and
European countries, workers on the fringe of metropolitan areas and in large cities are those

who commute longer. Conversely, Susilo and Maat (2007) found that, in the Netherlands,
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the influence of urban form on travel behavior is unique, depending on commuting model
estimates. All in all, commuting has been identified as depending on metropolitan
characteristics, in a context in which housing determines commuting behaviors in a
significant way (Cutler and Gleaser, 1997; Ross and Zenou, 2008; Gutierrez-i-Puigarnau,
Mulalic and van Ommeren, 2016). In this context, Gimenez-Nadal, Molina and Velilla
(2019) identified the type of housing unit, the residential location within cities, and the
population size of the area of residence as the most important factors when predicting
commuting time in the US, using algorithmic techniques that account for model overfitting

and predictive power.*

Naess (2003) analyzed the commuting and travel behavior of workers, and concluded
that urban structural characteristics influence travel behaviors across city sizes, with the
location of worker residence within the city being the most important factor. The distance
from the outskirts to downtown areas, and population density, are also found to be relevant,
which is in line with prior analyses studying city size and commuting behaviors. In a recent
analysis, Naess et al. (2019) found that city structure not only affects worker commutes, but
also non-travel trips. The effects include transport mode choices and commuting distance,
and non-work trips are also related to the local environment and the neighborhood. The
extent to which commuting time to work, or commuting time from work, are correlated
similarly or differentially to these urban forms and geographical characteristics remains
unclear. A review of commuting modes and how they depend on workplaces and urban

forms is given in Naess, Teonnesen and Wolday (2019).

Excess commuting and extreme commuting

Two important streams in the literature of commuting are those of “excess” commuting and
“extreme” commuting. The analysis of excess commuting, or wasteful commuting, was first
proposed by Hamilton (1982, 1989). In these studies, the monocentric model (Alonso, 1964;
Mills, 1967; Muth, 1969) was used to analyze whether worker commutes were optimal in

urban areas, in terms of houses and job choices, resulting in a significant part of worker

4 Commuting is also related to land use. Analyses on this topic include Manaugh, Miranda-Moreno and El-
Geneidy (2010), van Acker and Witlox (2011), Burger et al. (2011), Hu and Schneider (2017), Ma et al. (2017),
Guirao, Campa and Casado-Sanz (2018), Jin (2019), and Hu (2021). See Rouwendal and Nujkamp (2004),
Naes (2006), and Gimenez-Nadal, Molina and Velilla (2020a) for reviews of the literature.
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commuting distances being wasteful. Then, excess commuting refers to the difference
between actual commuting trips, and the optimal commuting, given the urban context
conditional on workers optimizing spatial arrangements (Horner, 2002). More recently,
several authors have analyzed excess commuting, and chronological reviews are provided
by Ma and Banister (2006) and Kim and Horner (2021). For instance, Hamilton (1982)
reported that about 90% of urban commutes were excess commuting in the US, while White
(1988) found that only about 10% of commutes were wasteful. Horner (2002) formulates a
model for excess commuting in the US in terms of the commuting capacity of a city (i.e.,
the difference between the theoretical maximum and minimum commutes), and how much
of this capacity is consumed (i.e., the current levels of commuting). In a recent analysis,
Kim and Horner (2021) study the impact of the recent 2007-2009 economic crisis (the so-
called “Great Recession”) on excess commuting in the US in terms of job-housing balance,
finding that private sector workers were strongly affected by the Great Recession in terms
of excess commutes impacting their commuting efficiency, although public sector workers’

job-housing balance was also affected.

The literature on extreme commuting is limited, compared to the analyses of excess
commuting (Bai et al., 2020, provide a recent review on the topic). These studies focus on
extremely long commuting trips, in terms of either distance traveled or time spent in such
trips. For instance, some authors consider that extreme commuters are those individuals who
spend more than 60 minutes per day (Jones et al., 2008), or more than 100 minutes per day
commuting (Vincent-Geslin and Ravalet, 2016); while others define extreme commutes as
trips that last more than 90 minutes (Marion and Horner, 2007; Bai et al., 2020), or more
than 45 minutes (Sandow, Westerlund and Lindgren, 2014). In terms of distance, extreme
commutes have been identified as distances longer than 17 km (Maoh and Tang, 2012), or
20 km (Champion, Coombes and Brown, 2009). See Bai et al. (2020) for a discussion of the
definitions of extreme commuting. All in all, extreme commutes have been found to be a
constraint, instead of an efficient choice, and their study has been focused on particular

commuting modes and regions (Marion and Horner, 2007).

Commuting modes and environmental issues



The analysis of commuting modes, and the study of sustainable or green commuting, has
also been evident in recent years, since commuting has environmental consequences.
Sustainable commuting modes include environmentally friendly travel modes, such as
physical or active commuting (walking or cycling), the use of public transport (bus, tram,
or subway), and carpooling, among others.> Commuting by walking or cycling has been
linked to income and housing expenditure, as higher income and more expensive housing
are related to a decreased use of physical means of transport in the US (Plaut, 2005).
Nevertheless, there seems to be no consensus, and results may depend on geographical
location, as studies in New Zealand have found the opposite (McKim, 2014). In the same
context, weather conditions (which depend on the geographical location) are also correlated
with transport mode choices and, especially, with active commutes. Worker well-being is
linked to transport modes, though the causal link remains unclear. On the one hand,
increased physical activity by walking/cycling to work causes improvements in worker
health outcomes and lower levels of stress. On the other hand, workers’ health determines
their ability to commute by physical means of transport. The existing research has provided
mixed results for the causal link (Shephard, 2008; Bopp, Kaczynski and Besenyi, 2012;
Humphreys, Goodman and Ogilvie, 2013; Martin, Goryakin and Suhrcke, 2014; Molina,
Gimenez-Nadal and Velilla, 2020).

Other authors analyzing commuting modes in recent years include Wener et al. (2003),
Dargay and Hanly (2007), Habib (2012), Shengxiao and Pegnjun (2015), Yang et al. (2015),
Sun, Ermagun and Dan (2017), Tajalli and Hajbabaie (2017), Cavallaro and Dianin (2019),
Gallo and Marinelly (2020), and Jacob et al. (2021). For instance, Wener et al. (2003) found
that faster and more predictable commuting modes (i.e., newer public transport modes)
reduce worker stress. Dargay and Hanly (2007) find that commuting mode choice is strongly
affected by heterogeneity, and analyze the determinants of commuting by car in the UK.
Habib (2012) develops a model of mode, start time, and duration, in Toronto, resulting in a
useful empirical tool to study commuting mode choices. Shengxiao and Pegnjun (2015)
study school commutes in China, finding that these are a complex phenomenon affected by
population policy, education policy, and social groups. Yang et al. (2015) explore

commuting modes in the US, with a focus on the relationship between transport mode and

> A recent review of sustainable commuting is provided by Molina, Gimenez-Nadal and Velilla (2020).
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distance traveled, concluding that commuting modes are related to environmental factors,
policies, and work characteristics. Sun, Ermagun and Dan (2017) study commuting modes
and the impact of the built environment in Shanghai, to conclude that policies aimed at
reducing commuting distance also encourage physical commuting modes. Tajalli and
Hajbabaie (2017) analyze the positive impact of active commuting on worker health in the
US. Cavallaro and Dianin (2019) study challenges in mobility and public transport in
Central European countries, with a focus on public transport services across borders.
Cavallaro and Dianin (2019) find that the improvement of public transport modes in Central
Europe has favored the labor integration of rural areas by increasing mobility. Finally, Jacob
et al. (2021) analyze the correlation between commuting mode choices and worker health,
using data from the UK. Recent reviews on commuting modes are shown in Gallo and

Marinelli (2020) and Jacob et al. (2021).

Another determinant of commuting modes is urban form, as specific geographical
characteristics, such as job density, population density, and housing prices may affect
transport mode decisions. Specific city structure may favor trips by private vehicle, while
others may be correlated with increased use of public transport, or to more workers
commuting by physical means of transport (Cropper and Gordon, 1991; Manning, 2003;
Deding, Filges and van Ommeren, 2009; Sandow and Westin, 2010).

The commuting mode is strongly connected with the environmental impact of daily
commutes. Reducing private vehicle commuting by road pricing alleviates traffic
congestion and pollution (Coria and Zhang, 2015, 2017; Long and Szeto, 2019; Vosough,
Poorzahedy and Lindsey, 2020). In this context, it would be especially important to
distinguish between commutes to work, concentrated in the morning, and commutes from
work, concentrated in the evening, to study whether the emissions due to congestion are
more or less significant, depending on the hour of the day. Some authors have accounted for
differences between morning and evening commuting (Coria and Zhang, 2017), but in
general terms commuting to and from work has been considered symmetric in these
analyses, both in terms of distance travelled and time spent. Analyses of the environmental
impact of commuting, and alternative transport modes to alleviate that impact include Plaut
(2005), Shephard (2008), Bopp, Kaczynski and Besenyi (2012), DeLoach and Tiemann
(2012), Ding et al. (2014), Fan, Wen and Kowaleski-Jones (2014), Cass and Faulconbridge

(2016), Kai and Haokai (2016), and Gimenez-Nadal and Molina (2019).
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Travel time and time use data

Time use diaries have become the “gold standard” in the analysis of individual behaviors in
recent years (Aguiar and Hurst, 2007; Guryan, Hurst and Kearney, 2008; Gimenez-Nadal
and Sevilla, 2012; Harms, Berrigan and Gershuny, 2019), and some authors have found that
they produce decreased measurement error and less biased estimates in comparison to
stylized-type questions (Bianchi et al., 2000; Bonke, 2005; Yee-Kan, 2008). Time use
surveys gather information on daily activities and travel undertaken by individuals and
households, and prior literature has relied upon this type of data to analyze commuting
(Gimenez-Nadal and Molina, 2016, Gimenez-Nadal, Molina and Velilla, 2018a, 2018b) and
travel behaviors (Kitamura and Fujii, 1997, Axhausen et al, 2002; Gerike, Gehlert and
Leisch, 2015; Rosales-Salas and Jara-Diaz, 2017; Harms, Gershuny and Olaru, 2018;
Aschauer et al., 2019).

Gerike, Gehlert and Leisch (2015) compare travel behavior and activity participation
using the German National Travel Survey (NTS) and Time Use Survey (TUS), finding that
the number of trips per person is higher in the TUS when changes in location without a trip
are included. The daily travel time is consistently higher in the TUS. Thus, time use surveys
are an alternative to national travel surveys, and allow for the analysis of travel behavior
determinants, including the relationship to non-travel activities, which is the foundation for
modelling and policy making. In this context, some authors have considered commuting as
all the time spent in the home-to-work (or work-to-home) trip, including the time spent in
both commuting and non-commuting episodes (e.g., Horner, 2004). Time use surveys allow
for a distinction between “pure” commuting activities and other non-commuting activities
that are done during the commuting journey, and thus the conclusions obtained with the use
of time use surveys may differ from other studies in terms of total time in commuting, total

daily travel, and related activities.

3. Data and variables
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We use data from the Multinational Time Use Study (MTUS), which is sponsored by the
Centre for Time Use Research (CTUR) and is included as part of the Integrated Public Use
Microdata Series (IPUMS) of the Institute for Social Research and Data Innovation of the
University of Minnesota (Fisher et al., 2019). The MTUS includes detailed time use diaries
for a range of countries, along with a series of demographic, economic, and geographic
characteristics of respondents. The MTUS provides us with information on individual time
use based on diaries, where respondents report their activities during the 24 hours of the
day, from 4 am to 4 am of the next day. The diaries include harmonized information about
activity location, the mode of transport, and who else was present during the activities. The
advantage of 24-hour self-reported diary data over other types of survey collecting transport
times, based on stylized questionnaires, is that diaries produce more reliable and accurate
estimates (Gimenez-Nadal, Molina and Velilla, 2018a). Thus, time use diaries have become
the gold standard in the analysis of worker daily behaviors (Aguiar and Hurst, 2007; Guryan,
Hurst and Kearney, 2008; Harms, Berrigan and Gershuny, 2019).

Given that we want to analyze episodes of commuting by workers, we restrict the
sample to those between 16 and 65 years old (Aguiar and Hurst, 2007; Gimenez-Nadal and
Sevilla, 2012; Gimenez-Nadal, Molina and Velilla, 2018a, 2018b, 2020a).® Respondents
who are not in paid work are omitted from the sample, as well as workers who filled their
diaries during holidays, to avoid a potential source of bias arising from atypical days.
Furthermore, we restrict the analysis to working days, defined as days where respondents
devote at least 60 minutes to market work activities, excluding commuting (Gimenez-Nadal,
Molina and Velilla, 2018a, 2018b). For the individuals in the sample, we focus on
commuting episodes, identified in the MTUS diaries by the code 63 (“travel to/from work™).
These restrictions provide a sample of 203,079 commuting episodes, corresponding to
94,517 individuals from seven countries: Canada, Finland, France, South Korea, Spain, the
UK, and the US.” (See Table Al in the Appendix for details on the available years for each
of the analyzed countries, the number of individuals, and the number of commuting episodes

by country.)

¢ Given that retirement age may differ across countries, we select the age limit of 65 years to be consistent with prior
studies.

7 Sample restrictions left 277 (292) episodes of female (male) workers in Hungary. Due to the reduced sample size, Hungary
has also been removed from the sample.
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We distinguish between episodes of commuting to work, and episodes of commuting
from work, considering the location of respondents before these trips. Commuting to work
is defined as those trips where the respondent is at home at the beginning of the trip and
arrives at the workplace. Conversely, commuting from work is defined as those trips where
the respondent is at work at the beginning of the trip and arrives home.® In doing so, we
identify commuting time exclusively from the episodes of “travel to/from work”, without
including any non-commuting activity that is done between the home and the work location.
However, we must highlight that some commuting trips may be chained with non-
commuting episodes before arriving at work or at home. For instance, a working parent
could devote time to a commuting episode followed by picking up children from school,
and followed by commuting home. Another worker could combine a commuting episode
followed by some leisure (e.g., a visit to the gym), and another commuting episode. In those
cases, our definition of the time devoted to/from work includes only the time devoted to
commuting episodes, but not the time devoted to other non-commuting activities in between,
following pror studies using time use data (Yang and French, 2013; Stone and Schneider,
2016; Gimenez-Nadal, Molina and Velilla, 2018a, 2018b), which may lead to reduced

measurement error (see Gimenez-Nadal, Molina and Velilla, 2018a, for a discussion).

For the trips of commuting to and from work, the following characteristics are analyzed.
First, we compute the time of day of the commute, in order to analyze the timing of
commuting over the working day. Given that there is information on the start time (clock
hour) of the trip, and its duration, we know when the trip begins and ends. Second, the
duration of commuting trips, measured in minutes per day. Third, we analyze the mode of
transport used in the commuting trip. For transport modes, the MTUS includes the following
categories: “by car, etc.”, “public transport”, “walking/on foot”, “other physical transport”,
and “other/unspecified transport”. We then classify the episodes of commuting as episodes
by private vehicle (“by car, etc.”), in public transport mode (“public transport”), active
commuting episodes (“walking/on foot”, “other physical transport”), and other transport
modes. Our fourth dimension of interest refers to the presence of others while commuting

to/from work. The presence of others during commuting can be classified as follows: alone,

8 We must note that the identification of commuting to and from work using location at the beginning and end of the trip
may be subject to measurement error, as some trips never started/ended at respondents’ workplace/home. However, this
measurement error represents less than 0.14% of the episodes in our sample, indicating that they are a minor concern in
our analysis.
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with a child, and with the spouse/partner. Finally, for each individual, we compute the

number of episodes that add up to a complete trip to/from work.

The MTUS allows us to consider several sociodemographic characteristics of
respondents, which have been found to be correlated with commuting behaviors. We first
consider the gender of respondents, defined as a dummy that takes value 1 for males, and 0
for females. Given the existing research documenting significant differences in the
commuting behaviors of men and women (see Gimenez-Nadal and Molina, 2016, for a
recent review), all the analyses and empirical evidence shown here will be done separately
by gender. We also consider respondents’ age, defined as a continuous variable. The
maximum level of formal education achieved by respondents is defined by three dummy
variables, identifying individuals who have completed primary education, secondary
education, and University education, respectively. The marital status of respondents is
defined as a dummy variable that takes value 1 for those who cohabit with a (married or
unmarried) partner, and 0 otherwise. Household composition is defined by two variables:
the number of individuals in the family unit, and the number of children (aged 17 or under)
in the family unit. The hours usually worked per week by respondents are important, given
that some authors have found a positive link between work hours and commuting
(Gutierrez-i-Puigarnau and van Ommeren, 2010). Finally, we define a dummy variable that
identifies part-time workers (value 1, 0 otherwise). (The summary statistics of these

variables are shown in Tables A3 and A4 in the Appendix.)

4. The timing of commuting to and from work

This Section presents evidence on the timing of commuting trips to and from work. Figure
1 shows, by gender and country, the proportion of individuals commuting during the day,
which has twenty-four 1-hour time bands. For each hour on the X-axis, the Y-axis shows
the proportion of workers commuting at that time. Figure 1 shows clear differences in the
timing of commuting to and from work, consistent with the road pricing and traffic
congestion literature (Coria and Zhang, 2015, 2017; Long and Szeto, 2019; Vosough,
Poorzahedy and Lindsey, 2020). Furthermore, there are differences across countries, despite
that men and women show similar patterns in the timing of commuting. In Canada, about
35% of male and female workers commute to work between 7am and 8am, while the rate of
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workers commuting to work in the rest of the day is small (below 5%, except at noon, with
about 5.8% of males and females commuting to work). Most workers commute from work
between 4pm and 6pm, and these trips seem less concentrated at particular hours, with about

25% of the workers reporting commuting from work at these hours.

The timing of commuting to work in Finland is different between women and men, as
women commuters are highly concentrated between 7am and 8am, with 33.9% of women
commuting at this hour (vs less than 20% commuting between 8am and 9am). Male
commutes to work, however, are concentrated between 6am and 8am, with more than 25%
of men commuting to work at these hours. Despite that, the timing of commuting from work
is similar, with about 20% of both women and men commuting from work between 3pm
and Spm. The timing of commuting to work in South Korea is similar to the figures for
Finland, as women commuters are highly concentrated between 8am and 9am (41% of
females), while for men these trips fall between 7am and 9am (with about 38% of men
commuting at these hours). Korean commuters from work are less concentrated at certain
hours; women are concentrated between Spm and 8pm, with a maximum between 6pm and
7pm, when 27.6% of women leave work. The commutes from work of Korean men are

roughly the same.

In the UK and the US, the timing of commuting to and from work is qualitatively similar
to the timings shown for Finland and South Korea, but with slight differences. For instance,
40.9% of UK women commute to work between 8am and 9am, while women in the US
commute to work slightly earlier, and more homogeneously, between 7am and 9am (30.5%
commute to work between 7am and 8am, and 20.8% between 8am and 9am). Furthermore,
commutes from work among women in both the UK and the US are less concentrated, taking
place mostly between 4pm and 7pm, with the maximum being reached between 5pm and
6pm (when 20.4% of UK women, and 14.4% of US women are leaving work). Among UK
and US men, commutes to work take place essentially between 6am and 9am. In the UK
(US), 17.0% (21.7%) of men commute to work between 6am and 7am, 34.1% (25.7%)
between 7am and 8am, and 28.9% (15.0%) between 8am and 9am. Despite the qualitative
similarities, the quantitative differences between the UK and the US suggest that commutes
to work are more flexible in the US than in the UK. This is supported by the fact that more
workers (both men and women) commute to work during the day in the US than in the UK.

Regarding commutes from work by men, these are concentrated between 4pm and 7pm,

15



though the maximum percentage is reached between S5pm and 6pm (when 26.3% of UK men

and 18.4% of US men are commuting from work).

Spain and France show certain differences in the timing of commuting to and from
work, when compared to the other countries. In these countries, commuting episodes to
work, and from work, are concentrated during two periods of the day. Between 30% and
40% of workers go to work between 7am and 9am, but about 15% also commute to work at
Ipm in France, and between 2pm and 3pm in Spain. This is also reflected by the timing of
commuting from work, as a similar percentage of French workers commute from work at
noon, while about 25% commute from work between Spm and 7pm. In Spain, the timing of
commuting from work is different from France, as about 25% of workers commute from
work between 1pm and 3pm, and between 15% and 20% of workers commute from work
between 7pm and 9pm. These differences arise from different job schedules in the countries
in the sample, as workdays in France and Spain tend to be split, and Figure 1 suggests that
some workers commute from work, to have lunch at home, at midday (about 15% in France,
and between 20 and 25% in Spain), whereas this is not the case in the other countries

analyzed.

These analyses may be useful for the design of road-pricing policies aimed at
decreasing traffic congestion or reducing pollution. In Canada, Norway, South Korea, the
UK, and the US, road pricing could be designed to affect morning commutes, given that
traffic flows are highly concentrated at this time of the day, while road-pricing policies in
France and Spain could consider both morning and afternoon commutes to work as being

worth including in a congestion and environmental toll (CET) scheme.

S. The time devoted to commuting to and from work

In this Section, we focus on the time devoted to commuting to and from work, with a focus
on the asymmetries between morning and evening commutes. Table 1 shows average
commuting times of workers in the seven countries included in the sample, distinguishing
between the times of commuting to work, and commuting from work. We also show
differences between women and men, and between the times of commuting to and from

work. In Canada, women (men) spend about 45.1 (58.2) minutes per day commuting to/from
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work, of which 25.9 (29.9) are spent commuting to work, and 22.2 (28.2) commuting from
work. This produces gender differences (men spend more time than women commuting to
and from work), and differences between commutes to and from work (commutes to work
last longer than commutes from work, for both women and men), with all the differences
being statistically significant at standard levels.® In Finland, women (men) commute about
25.5 (26.3) minutes to work, and 22.9 (24.0) minutes from work, which produces
statistically significant differences between commutes, while the raw differences between
women and men are not significant (except for commutes from work, which differ between
women and men at the 90% level). French female (male) workers spend about 33.7 (37.6)
minutes commuting to work, and 31.9 (35.6) minutes commuting from work. Differences
in France are qualitatively similar to those in Canada, as men spend more time than women

commuting to and from work, and commutes to work last longer than commutes from work.

Average commuting times in the UK and the US are similar to those in Canada and
France, as men commute longer than do women, and the times spent commuting to work
are longer than the times commuting from work, for both women and men. The average
female (male) worker in the UK spends 28.8 (37.1) minutes commuting to work, and 20.7
(30.6) minutes commuting from work, for a total of 49.5 (67.8) minutes per day. In the US,
women (men) spend on average 39.9 (50.4) minutes commuting to/from work, of which
23.4 (27.0) minutes are commutes to work, and 16.4 (23.4) minutes from work. All the
differences between women and men are statistically significant at standard levels in the

UK and the US.

Commutes in South Korea exhibit differences, compared to the other countries, as we
do not find statistically significant variations between the times of commuting to and from
work, although we do find that men spend more time commuting to work (36.0 minutes),
and from work (36.0), than do women (33.9 and 33.2 minutes, respectively). Results in
Spain also present some differences compared to the other countries, in the sense that despite
men commuting for longer than women, Spanish workers spend more time commuting from
work (29.4 minutes for women, 31.6 minutes for men), than they spend commuting to work
(29.6 and 33.3 minutes, respectively), with these differences being statistically significant

at standard levels for men.

9 Statistically significant differences are based on t-type tests on the equality of sample means.
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In summary, we find that, in most countries, men devote more time to commuting trips
than do women. Furthermore, the time devoted to commuting to work is longer than the
time devoted to commuting from work in Canada, Finland, France, the UK, and the US,
which reveals asymmetries in the duration of morning and evening commuting trips. We

next explore whether these asymmetries are related to the mode of transport used.

Differences by mode of transport

Table 2 shows the average time spent commuting to and from work, by mode of transport,
along with the differences between commutes to/from work, and the statistical significance

of such differences.'?

In Canada, the average female worker spends 19.6 (16.8) minutes commuting to (from)
work in private vehicle, 4.4 (4.0) minutes commuting on public transport, and 1.7 (1.2)
minutes commuting actively. The differences between commutes to and from work are
statistically significant in the times of both private vehicle, and active mode of transport, but
not in the times spent on public transport. Among males, 24.9 (23.6) minutes are spent in
commuting to (from) work in private vehicle, 3.2 (3.0) on public transport, and 1.6 (1.4)
actively, with the differences being non-statistically significant, except for the time in

private vehicle, which is significant at the 90% level.

In Finland, the times spent in the different modes of transport considered are not
statistically different between to and from work, for all workers. The average female (male)
worker commutes to work 14.6 (18.9) minutes in private vehicle, 1.4 (0.4) minutes on public
transport, and 8.4 (4.1) minutes actively; and the trips from work are about 13.2 (16.9)
minutes in private vehicle, 1.4 (1.0) minutes on public transport, and 7.6 (4.2) minutes

actively.

Female (male) workers in France spend 23.6 (27.9) minutes commuting to work in
private vehicle, 4.1 (3.9) minutes on public transport, and 4.7 (3.8) minutes actively. The
commute from work is 21.1 (25.3) minutes in private vehicle, 4.8 (5.0) minutes on public
transport, and 4.5 (3.0) minutes actively. The differences among females are statistically

significant only for the commuting time in private vehicle, while among male workers all

19 Detailed summary statistics of the commuting episodes are shown in Table A5 in the Appendix.

18



the differences, in all modes, are significant at standard levels. Furthermore, these
differences suggest that commutes to work in private vehicle and active means of transport
take longer than commutes from work, while the opposite is found for commuting times on

public transport mode.

Korean females spend 11.9 (12.3) minutes commuting to (from) work in private
vehicle, 7.6 (7.4) minutes on public transport, and 13.8 (13.0) minutes commuting actively,
with this country presenting the longest commutes in active means of transport among the
countries analyzed. Differences in the times of commuting to/from work are statistically
significant only for the time spent commuting actively. For men, on the other hand, the
average time of commuting to (from) work in private vehicle is 22.9 (24.2) minutes, with
the difference being statistically significant; 3.4 (3.4) minutes on public transport, with the
difference not being significant; and 8.1 (6.5) minutes actively, with the difference being
significant at standard levels. Despite that overall differences are not significant for South
Korea, Table 2 shows differences depending on the mode of transport, revealing the

importance of considering this information when available.

Results in Spain suggest that the times spent commuting to and from work by mode of
transport are not statistically different. Women commute to work, on average, about 10.8
minutes by private vehicle, 6.4 minutes on public transport, and 5.6 minutes actively, while
their commutes from work are 10.7 minutes in private vehicle, 6.0 minutes in public
transport, and 5.2 minutes actively (with the only statistically significant difference being
the difference in active commuting to/from work). Among men, the average times of
commuting to (from) work are 16.0 (16.1) minutes in private vehicle, 3.4 (3.3) minutes on
public transport, and 3.0 (3.1) minutes actively. No significant differences between times to

and from work by mode of transport are found among men in Spain.

In the UK, the average female (male) worker commutes to work 17.8 (25.4) minutes in
private vehicle, 4.0 (4.8) minutes on public transport, and 5.5 (4.9) minutes actively, while
the return commute is 12.2 (20.4) minutes in private vehicle, 3.1 (4.4) minutes on public
transport and 4.2 (4.2) minutes actively. Differences between the times of commuting to and
from work are statistically significant for all workers in both private vehicle and active

transport, while differences on public transport are significant only for women.
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Finally, in the US, females spend 20.6 (14.2) minutes commuting to (from) work in
private vehicle, 1.5 (1.3) on public transport, and 0.6 (0.5) actively, with differences between
commuting times being statistically significant for private vehicle and active commuting
times, but not for public transport mode. The average male commutes 24.0 (20.7) minutes
to (from) work in private vehicle, 1.5 (1.6) minutes on public transport, and 0.7 (0.6) minutes
actively, with the differences being statistically significant only for the times in private

vehicle and active means of transport.

In sum, we find that the differences between the duration of commutes to and from
work seem concentrated in commutes by private vehicle (car, truck, motorcycle), where the
commutes to work last longer than the commutes from work, among both women and men.
There are similar differences in commutes by active means of transport, whereas commuting
to and from work by public transport are similar in terms of the time spent. On the other
hand, Table 2 suggests that the gender differences in commuting time, where male workers
spend more time commuting than do their female counterparts, are congregated in

commutes by private vehicle, but not in commutes on public transport or active commuting.

6. Personal factors associated with asymmetries in commuting
time

All the results reported in Section 5 are raw differences between commuting to work and
commuting from work. In this Section, we examine the socio-demographic characteristics
(e.g., education, gender) related to asymmetries in the time devoted to commuting to and
from work. Our aim is to partially isolate the impact of workers’ observed attributes on the
difference in worker commuting behavior to and from work.!! To that end, we estimate an

Ordinary Least Squares (OLS) model as follows:

log(Dific + 1) = Peo + ﬁchi’c + et + e (1)

€6y o ¢c 9

where, for each individual “i” in country “c”, Dif;. represents the difference in commuting,

defined as the time of commuting to work, minus the time of commuting from work. A

1 Prior research has documented a variety of unobserved characteristics (e.g., traffic congestion, urban structure, road
infrastructure, or the availability of different modes of public transport, among others), along with stochastic factors (e.g.,
the weather) affecting worker transport behavior and, thus, commuting time. We acknowledge that our analysis may
potentially suffer from omitted variable bias.
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positive value of this variable indicates that the individual devotes more time to commuting
to work than to commuting from work, and a positive coefficient regarding any individual
characteristic indicates that this characteristic is related to an asymmetry, in that more time
is devoted to commuting to work, in comparison to commuting from work. X;. represents a
vector of worker sociodemographic characteristics, @, represents year and country fixed
effects for country “c”, and ¢;, represents unmeasured factors. We pool all the countries to
explore whether there are systematic cross-country differences in commuting asymmetries,
net of the effect of socio-demographic characteristics.!? All the estimates include sample
weights provided by the MTUS data, and robust standard errors clustered at the country

level. The set of socio-demographic characteristics included in X;. includes those described

in Section 3.

Columns (1) and (2) of Table 3 show estimation results for Equation (1), estimated
separately for women and men. We observe a statistically significant correlation between
worker age and the difference in commuting to/from work time, which follows an inverted-
U shape. The results also reveal a positive and statistically significant correlation between
worker education and the commuting difference, which is about 10.5 (10.9) percent larger
for female (male) workers with secondary education than for similar respondents with
primary education, while for those with University education this difference increases to
about 28.6 (24.4) percent. This suggests that there is a greater asymmetry in commuting
to/from work behaviors among workers with higher formal education levels. Regarding
household composition, individuals who cohabit as a (married or unmarried) couple show
shorter commuting differences, while family size is not statistically significant for either
women or men. However, women’s commuting differences are correlated with the number
of children in the household in a statistically significant way, since the more children there
are in the household, the larger the difference in the times devoted to commuting to and

from work.

Regarding labor attributes, the results show that the number of hours worked per week
is not correlated with commuting differences, even when prior research has found that

commuting behaviors are linked to labor supply (Gutierrez-i-Puigarnau and van Ommeren,

12 The guidelines developed by the Center for Time Use Research to harmonize time use surveys makes variables included
in the MTUS highly comparable, allowing cross-country comparison of similar sets of socio-demographic characteristics.
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2010). This suggests that the link between commuting time and paid work hours is similar
for commutes both to and from work, thus making the correlation with the commuting
difference not statistically significant at standard levels. On the other hand, the commuting
asymmetry among female part-time workers is smaller than among female full-time

workers, while that correlation is not statistically significant for males.

For the modes of transport used, estimates show that for men who commute by private
vehicle or actively, the difference tends to be smaller. Those who commute by public
transport report larger differences, net of observed heterogeneity, in commuting to/from

work times.

We now estimate Equation (1) omitting country fixed effects and including instead a
set of indices, defined at the country-year level, related to factors associated with commuting
behavior. These indices, obtained from the World Bank Database, serve as proxies for
transport infrastructure, road security, travel behavior, economic growth, and urban
distribution, all of which have been identified as determinants of commuting time (Naess,
2003, 2006, 2009; Santos et al., 2013; Mitra and Saphores, 2019; Gimenez-Nadal, Molina
and Velilla, 2020a). Specifically, we consider the number of passengers carried by railway,
multiplied by kilometers traveled (divided by 1,000), and the length of railway routes
available for train service (divided by 1,000), as national indices for transport infrastructure
availability. We also include the mortality caused by road traffic injury, defined as deaths
per 100,000 population. We consider the percentage growth of per capita GDP, as a proxy
for national income, and also the CO2 emissions from liquid fuel consumption (measured
in kt), as prior research has found a link between travel behaviors and CO2 emissions. For
urban distribution at the country level, we include the percentage of people living in urban

areas, as defined by national statistical offices.

Columns (3) and (4) of Table 3 show estimates of Equation (1) when we include this
set of national indices. The main coefficients associated with the set of worker attributes
(coefficients ;) are similar (both qualitatively and quantitatively) in Columns (1-2), and
Columns (3-4), and we conclude that the impact of these national indices in the main
estimates does not affect the conditional correlation between the commuting differences and
worker socioeconomic observable factors. Furthermore, we observe that better transport

infrastructure, measured by the number of railway passengers, is correlated with greater
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differences in commuting to/from work. Similarly, countries with more of their population
living in urban areas are correlated with greater commuting differences. Similar results are
found for the amount of CO2 emissions, and the rates of GDP growth (with the latter being
statistically significant only for women). Traffic mortality is correlated with shorter

differences in commuting to/from work times.

Finally, we estimate Equation (1) separately for each of the countries in the sample, in
order to determine whether there are differences among countries in the conditional
correlations between the dependent variable and the set of explanatory variables. Again,
robust standard errors are computed. These estimates are shown in Table 4. Columns (1)
and (2) show the main coefficients for women and men in Canada, respectively. Estimates
show a non-statistically significant correlation between age and the commuting difference
among women, while the correlation is significant for men, in an inverted U-shaped
relationship. Individuals with University education, both women and men, report more time
to work (relative to time from work), compared to those with only primary or secondary
education. On the other hand, workers who cohabit with a partner report smaller commuting
differences. Women part-time workers report shorter differences, and differences are larger
among women on weekdays than on working-weekend days. The corresponding
coefficients are not statistically significant among men. Regarding transport modes, both
women and men who commute more by either private vehicle or public transport report
larger commuting to/from work gaps than those who commute more actively or by other

means of transport.

Columns (3) and (4) show the results for Finnish workers. No sociodemographic
variables are found to be statistically significant among women, while for men only age is
significant at standard levels, revealing an inverted U-shaped relationship with the
commuting to/from work difference. Nevertheless, the results reveal a significant increase
in the commuting difference among individuals who commute by public transport. Columns
(5) and (6) show the results for France, and none of the sociodemographic and transport
mode variables are found to be statistically significant, with the only exception being
women’s weekly work hours, suggesting that women who work longer have a greater

commuting to/from work difference.
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Columns (7) and (8) show the estimates for South Korea. Age is not significant for
women, but is correlated with the commuting to/from work difference following an
inverted-U shape. Education, on the other hand, is not significant among men, but shows a
positive correlation with the commuting difference among women. Family size is also
positively correlated with commuting to/from work differences for both women and men,
while the number of children shows a negative correlation, which is only significant at
standard levels for men. Women’s work hours are negatively correlated with the commuting
difference. Women who commute by private vehicle or active commuting report more time
from work, relative to the time of commuting to work, while the opposite is true for men

who commute by public transport.

Results for Spain are shown in Columns (9) and (10). Among women, no
sociodemographic variables are estimated to be statistically significant. Among men, on the
other hand, results show that those with University education report a smaller commuting
to/from work gap. Family size, the number of children, and being a part-time worker are
positively correlated with the commuting difference to/from work. Regarding transport
modes, commuting by private vehicle or public transport is correlated with a larger
commuting difference, while more active commuting is oppositely correlated to the

difference in commuting.

Results for UK workers are shown in Columns (11) and (12). Age is again correlated
with the commuting to/from work difference, following an inverted-U shape, but that is
statistically significant at standard levels only among women. Household composition is
correlated with commuting to/from work differences, but only among women, with the
number of household members showing a negative correlation, but the number of children
a positive correlation. Regarding labor attributes, being a part-time worker is correlated with
smaller differences in commuting to/from work, with the corresponding coefficient being
statistically significant for men but not for women. In terms of transport modes, results show
that both men and women who commute by public transport report greater differences in

their commuting times to/from work.

Columns (13) and (14) of Table 4 show the results for the US. Age shows an invertedU-
shaped correlation with the difference in commuting to/from work, with coefficients being

significant at standard levels for both women and men. Education is positively correlated
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with the commuting difference, for both women and men, and cohabiting in a couple is
negatively correlated, with the coefficients being highly significant. Family size and the
number of children are negative, and positively correlated with the commuting difference,
but with the former only being significant for women. The number of working hours and
the part-/full-time status are not significant at standard levels, and differences in the
commuting to/from work are greater on weekdays than during weekend working days.
Those who commute by private vehicle, or actively, report smaller differences in commuting
to/from work (although the coefficient associated with private vehicle commuting is only
significant for men), while the opposite is the case for those who commute by public

transport.

All in all, Table 4 shows a mixture of results, and some conclusions can be only
tentatively derived. First, estimates reveal different correlations between the set of
explanatory variables, and the differences in commuting times, which appear both across
and within countries (and different coefficients for men and women in each country). This
result is in line with prior research documenting commuting as a complex transport
phenomenon, where unobservable and/or stochastic characteristics have a strong impact on
worker commuting trips (Burger et al., 2011; van Acker and Witlox, 2011; Ma et al., 2017;
Gimenez-Nadal, Molina and Velilla, 2018a, 2020a). This is also reflected in the R?
associated with the estimates, which is low and in line with the research (van Ommeren and
van der Straaten, 2008; Ross and Zenou, 2008). The results are also consistent with works
documenting gender differences in commuting time (Gimenez-Nadal and Molina, 2016).
Second, there appear to be differences in commuting to work, and commuting from work,
that are partially explained by worker characteristics. Table 4 suggests the existence of a
significant connection between the differences in commuting to/from work, and the mode
of transport, a connection that is non-robust across countries. The use of public transport
generates longer times of commuting to work, relative to shorter times from work, in all the
countries but France. However, commuting by private vehicle has mixed effects on
commuting differences, which may be explained by transport infrastructures. This particular

connection is left for future research, using alternative data sources.

7. Discussion
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The analysis presented here may be useful for researchers in different fields. For instance,
the fact that there are asymmetries in commuting to and from work, and that such differences
vary by gender, geographic location, and mode of transport, may imply that policies that are
used to regulate traffic (e.g., road-pricing) should be designed to account for such
differences. For instance, if women present, in comparison to men, larger asymmetries in
commuting time, perhaps road-pricing policies are less effective for this group of workers.
Furthermore, in South Korea we find that there are no asymmetries in commuting time, and
thus, perhaps road-pricing policies should be applied to all commuting, while they have
traditionally focused only on morning commutes. The responses to these questions, and to
many others that refer to transport and planning policies, should be addressed in future

research.

As a starting point, our results for the timing of commuting to and from work suggest
that in Canada, Norway, South Korea, the UK, and the US, road pricing could be designed
to apply to morning commutes, given that traffic flows are highly concentrated at this time
of the day, but those policies in France and Spain could consider both morning and afternoon
commutes, to be part of a congestion and environmental toll (CET) scheme. Furthermore,
our analysis of the mode of transport reveals that asymmetries are mainly concentrated in
the use of private cars, but only in Canada, France, the UK, and the US. These cross-country
differences may indicate that road-pricing policies are less effective in countries where
asymmetries in commuting by private car are not present, or they may also reflect that road-
pricing policies are better designed in the latter countries, as morning commutes are less
subject to traffic congestion. These questions, and others that may emerge (e.g., do road-
pricing policies lead to increased use of public transport, or more carpooling?), should be

addressed in future research.

The fact that we find cross-country differences in asymmetries in commuting time calls
for possible explanations within the geographic context. Population density, degree of
urbanization, and city size are factors related to the commuting behavior of workers. The
explanation within the geographic context would allow researchers and policy makers to
have a better idea of what new knowledge brings that was missing in the commuting
literature ignoring asymmetries. Moreover, differences in the socio-demographic
characteristics of workers have been found to explain part of the asymmetries in the duration

of commuting and in the mode of transport used. Knowing how socio-demographic
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characteristics intersect with the geographic context would help to explain differences in
workers’ commuting behaviors. Similarly, the reported differences in the times of
commuting to and from work, and the moderating role of transport modes in those
differences, should also be taken into account by researchers and planners. If the use of
public transport is associated with more asymmetries in commuting to and from work, this
may indicate a component of public transport unpredictability that may be detrimental for

its use, a very important implication for environmental issues.

Prior research on commuting has suggested that the relationship between commuting
behaviors and stress should be revisited, as it may be that only commutes to work, but not
from work, generate stress. In a similar context, longer commuting time produces increased
shirking behaviors at work and reduced productivity. However, our results suggest that this
relationship may be different if commutes to work, or from work, are studied separately,
given that the trips are not symmetric. The correlation between commuting and feelings
while commuting could also be revisited, differentiating between commutes to work, and
commutes from work. Further analysis should also focus on differences in the composition
of all commuting. On theoretical grounds, our results are also relevant because asymmetries
in commuting length or modes of transport may imply that excess commuting refers to
specific trips to work or from work, or it may depend on the time of the day (e.g., excess
commuting is different in the morning than in the evening) or depends on the mode of
transport. Similarly, if commutes are not symmetric, it would be important to distinguish

between extreme trips to work and from work, and to analyze the differences between them.

Our definition of commuting to and from work contrasts with the fact that some authors
have considered commuting as all the time spent in the home-to-work (or work-to-home)
trip, including the time spent in both commuting and non-commuting episodes (e.g., Horner,
2004). Thus, the consideration of non-commuting episodes as part of the commuting trip is
an important issue. In order to see to what extent this issue biases our results, we compare
commuting times in both contexts (including and not including non-commuting episodes),
with intermediate activities addressed in Table A2 in the Appendix, compared with results
shown in Table 1, when non-commuting activities are not included in the analysis.
Differences between Tables 1 and A2 then show the potential bias that may arise from the
different definitions of commuting from time use diaries. For all the countries in the sample,

gender differences in commuting to and from work remain qualitatively unchanged.
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Furthermore, when including intermediate activities, differences between the times of
commuting to work and from work remain qualitatively unchanged in Finland, South Korea,
the UK, and the US. Conversely, this changes in the case of females in Canada, and males
in France and Spain, suggesting that in these countries the activities that workers do within
their commuting journeys are different in their commutes to and from work, which
reinforces the idea of commutes not being symmetric. A detailed analysis of this topic (i.e.,
the ancillary activities that workers do while commuting to/from work) is left for further

research.

Finally, we highlight the importance of time use surveys in the analysis of worker
commuting behaviors in particular, and individuals’ travel behavior in general. We have
shown that these surveys may be analyzed in terms of different commuting episodes
(to/from work, by transport mode, with or without others, etc.), and even different
commuting definitions. This enriches the study of commuting, relative to other surveys that
include only stylized questions on commuting time during regular workdays (e.g., the Panel
Study of Income Dynamics, the European Working Conditions Survey, and the British
Household Panel Survey).

Time Use Surveys have certain limitations. For instance, to the best of our knowledge,
no Time Use Survey covers longitudinal information, as these are cross-sectional databases.
Thus, the analyses using time use diaries are limited to conditional correlations analysis, as
the lack of a panel-data structure prevents authors from proposing causal analyses. Another
limitation is that, with the exception of the American Time Use Survey of the US, time use
surveys are not annual surveys. Given their relevance for social, transport, and economic
applied research, planners should encourage national statistical offices to promote these
databases. Another limitation of these types of data is that they are defined at the individual
level in certain countries, whereas several time-use decisions (including commuting) may
be the outcome of a household bargaining interaction between spouses or household
members (Kato and Matsumoto, 2009; Roberts, Hodgson and Dolan, 2011; Carta and De
Philippis, 2018; Hong, Lee and McDonald, 2018). Thus, time use surveys prevent the
analysis of joint decisions in the household (i.e., the analysis of joint commuting is limited

to the perspective of just the interviewed spouse).

28



8. Conclusions

This paper analyzes asymmetries in the commuting behavior of individuals when they
commute from home to work, and from work to home. These journeys are often considered
identical in both applied research and theoretical models, but the topic has received little
attention in the combination of the dimensions of timing and mode of transport. Using
detailed time use diaries from the MTUS data, for the last two decades and seven countries,
we find that, in general terms, commutes to work last longer than commutes from work, for
both women and men, but with quantitative country differences, and commutes to work are
more concentrated at certain hours than commutes from work. Furthermore, there appear to
be differences in commuting times that are partially explained by worker characteristics.
We find a significant connection between the differences in commuting to/from work, and
the mode of transport, although this correlation is not heterogeneous across countries. The
use of public transport generates longer times of commuting to work, relative to times of
commuting from work, in all the countries but France. However, commuting by private
vehicle has mixed effects on commuting differences, which may be explained by differences

in transport infrastructures.

The analysis has certain limitations. For instance, it represents a first exploration of the
differences between commuting to work and from work, using detailed time use diaries. The
databases are cross-sectional, thus preventing us from analyzing any kind of causal links
(i.e., the results must be understood as conditional correlations). Similarly, we cannot deal
with potential endogeneity. Finally, commuting times are a complex phenomenon that has
been linked to stochastic and non-controllable factors, such as traffic congestion and
weather conditions (see van Ommeren and van der Straaten, 2008, for a summary). Despite
these limitations, our results may serve as a starting point for future research on this topic,
and may also help urban planners and policy makers in the design of mobility policies, such

as road pricing, or updated public transport systems.
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Note: The sample (MTUS 2000-2018) has been restricted to countries with non-missing information on the
main variables. The sample includes employed individuals who worked the diary day. The commuting time for
the whole sample, and detailed information on the percentage of male and female individuals commuting
to/from work is shown in Table A6 in the Appendix.
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Table 1. Average time of commuting to and from work
Commuting time No.

Country Sex Total To work From work  Difference  Individuals

Canada Women 48.055 25.883 22.172 3.711%** 4913
Men 58.164 29.936 28.229 1.707** 4,999
Gender diff. -10.109*** -4.053*** -6.057***

Finland Women 48.390 25.460 22.930 2.530%** 722
Men 50.319 26.270 24.049 2.221* 609
Gender diff. -1.929 -0.810 -1.119*

France Women 65.563 33.704 31.859 1.845%* 2,466
Men 73.190 37.552 35.638 1.914* 2,599
Gender diff. -7.627*** -3.848*** -3.779%**

South Korea Women 67.117 33.888 33.229 0.659 5,440
Men 71.989 35.996 35.993 0.003 8,137
Gender diff. -4.872%** -2.108*** -2.764***

Spain Women 59.048 29.409 29.639 -0.230 4,994
Men 64.861 31.573 33.289 -1.716%** 6,823
Gender diff. -5.813%** -2.164%** -3.650%***

UK Women 49.525 28.828 20.697 8.131*** 2,652
Men 67.761 37.128 30.633 6.495%** 2,817
Gender diff. -18.236%** -8.300*** -9.936***

uUsS Women 39.892 23.448 16.444 7.004%** 22,603
Men 50.369 26.999 23.370 3.620%*%* 24,743
Gender diff. -10.477*** -3.55]*** -6.926***

Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to
countries with non-missing information on the main variables. The sample includes employed individuals who
worked the diary day. Commuting time is measured in minutes. Differences in commuting time to/from work
are computed as the time of commuting to work, minus the time of commuting from work. Differences between
women and men are computed as the average time of women, minus the average time of men. * Significant at
the 90% level; ** significant at the 95% level; *** significant at the 99% level; all computed according to #-

type tests.
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Table 2. Average time of commuting to and from work, by mode of transport

Women Men
Country Mode Towork  From work Difference  To work  From work Difference
Canada Private vehicle 19.617 16.817 2.800%** 24911 23.612 1.299%*
Public transport 4.370 4.020 0.350 3.155 2.962 0.193
Active 1.699 1.225 0.474%*%* 1.605 1.382 0.223
Finland Private vehicle 14.556 13.151 1.405 18.866 16.870 1.996
Public transport 1.402 1.396 0.006 0.447 0.960 -0.513
Active 8.361 7.590 0.771 4.123 4.208 -0.085
France Private vehicle 23.638 21.131 2.507%** 27.935 25.312 2.623%**
Public transport 4.076 4.767 -0.691 3.942 4.984 -1.042%*
Active 4.670 4.503 0.167 3.830 3.010 0.820%*
South Korea Private vehicle 11.939 12.349 -0.410 22911 24.182 -1.271%**
Public transport 7.642 7.423 0.219 3.443 3.449 -0.006
Active 13.845 13.006 0.839** 8.054 6.524 1.530%***
Spain Private vehicle 10.756 10.748 0.008 16.043 16.062 -0.019
Public transport 6.387 6.036 0.351 3.379 3.314 0.065
Active 5.633 5.229 0.404* 3.006 3.098 -0.092
UK Private vehicle 17.829 12.196 5.633%*%* 25.397 20.415 4.982%**
Public transport 3.979 3.119 0.860** 4.767 4.425 0.342
Active 5.501 4.154 1.347%** 4.936 4.167 0.769**
uUs Private vehicle 20.636 14.191 6.445%** 24.026 20.658 3.368%**
Public transport 1.473 1.341 0.132 1.512 1.580 -0.068
Active 0.639 0.451 0.188*** 0.744 0.574 0.170%**

Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to countries
with non-missing information on the main variables. The sample includes employed individuals who worked the
diary day. Commuting time is measured in minutes. Private vehicle includes car, truck, or motorcycle. Active
commuting includes walking and physical modes of transport. Other trips are classified as “unspecified”.
Differences in commuting time to/from work are computed as the time of commuting to work, minus the time of
commuting from work. * Significant at the 90% level; ** significant at the 95% level; *** significant at the 99%
level; all computed according to ¢-type tests.
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Table 3. Estimates on the differences in commuting to/from work

FIXED EFFECTS NATIONAL INDICES
M @ 3 (C))
VARIABLES Women Men Women Men
Sociodemographics
Age 0.020%*** 0.031*** 0.020%*** 0.032%%**
(0.006) (0.0006) (0.006) (0.006)
Age squared -0.026%*** -0.035%** -0.027%** -0.036%**
(0.007) (0.007) (0.007) (0.007)
Education: secondary 0.105%** 0.108%** 0.105%** 0.109%**
(0.031) (0.029) (0.031) (0.030)
Education: University 0.289%** 0.245%** 0.286%** 0.244%**
(0.031) (0.029) (0.031) (0.029)
Married/cohabiting -0.116%** -0.141%** -0.116%** -0.136%**
(0.023) (0.026) (0.023) (0.026)
Family size -0.011 0.003 -0.006 0.009
(0.012) (0.012) (0.012) (0.012)
Number of children 0.052%** 0.026* 0.045%%* 0.020
(0.015) (0.014) (0.015) (0.014)
Weekly work hours 0.001 0.001 0.001 0.001
(0.001) (0.001) (0.001) (0.001)
Part-time worker -0.067** 0.016 -0.053* 0.027
(0.028) (0.044) (0.028) (0.044)
Weekday 0.226%*** 0.157*** 0.224 %% 0.154%%**
(0.022) (0.021) (0.022) (0.021)
Transport mode
Rate: private vehicle -0.006 -0.070* -0.018 -0.083%*
(0.034) (0.038) (0.033) (0.038)
Rate: public transport 0.571%** 0.532%** 0.573%** 0.526%**
(0.054) (0.065) (0.054) (0.065)
Rate: active -0.098%** -0.207%** -0.094 %+ -0.201%%*
(0.035) (0.047) (0.033) (0.047)
National indices
Passenger railways - - 0.033*#* 0.03 1***
(0.005) (0.005)
Railways length (km) - - -0.006 -0.004
(0.010) (0.010)
Perc. urban population - - 0.055%** 0.034%**
(0.012) (0.013)
Traffic mortality - - -0.081*** -0.041%%*
(0.013) (0.013)
GDP growth - - 0.063*** 0.023
(0.016) (0.017)
CO2 transport emission - - 0.043%** 0.024%*
(0.010) (0.010)
Constant 0.429%** 0.279* -3.372%%* -1.870*
(0.160) (0.167) (0.984) (1.039)
Country F.E. Yes Yes No No
Year F.E. Yes Yes Yes Yes
Observations 33,103 35,920 33,103 35,920
R-squared 0.048 0.031 0.047 0.030

Note: The sample (MTUS 2000-2018) has been restricted to countries with non-
missing information on the main variables. The sample includes employed individuals
who worked the diary day. The dependent variable is the log-of-minutes of the
difference between commuting to and from work. * Significant at the 90% level; **
significant at the 95% level; *** significant at the 99% level.
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Table 4. Results by country

CANADA FINLAND FRANCE SOUTH KOREA SPAIN UK usS
(1) (2) 3) C)) (5) (6) @) (®) ) (10) (11) (12) (13) (14)
VARIABLES Women Men Women Men Women Men Women Men Women Men Women Men Women Men
Sociodemographics
Age 0.000 0.040%* -0.033 0.108%*%* 0.020 0.001 -0.022 0.030* 0.009 -0.008 0.046* 0.012 0.027***  (.039***
(0.015) (0.016) (0.049) (0.053) (0.031) (0.030) (0.018) (0.018) (0.018) (0.016) (0.025) (0.027) (0.008) (0.009)
Age squared 0.003 -0.046** 0.041 -0.110%* -0.018 0.004 0.024 -0.036* -0.015 0.007 -0.061%* -0.017 -0.036%***  -0.043%**
(0.018) (0.019) (0.057) (0.064) (0.037) (0.037) (0.022) (0.021) (0.023) (0.019) (0.031) (0.033) (0.009) (0.010)
Education: secondary 0.122 0.086 0.245 0.323 0.164 0.054 0.128* 0.076 -0.012 -0.049 -0.056 -0.032 0.239%**  (.216***
(0.106) (0.093) (0.233) (0.269) (0.106) (0.110) (0.072) (0.071) (0.087) (0.068) (0.107) (0.109) (0.055) (0.050)
Education: University — 0.369%**  (.223%** 0.280 0.182 0.111 0.110 0.295%** 0.074 0.054 -0.117* -0.026 0.056 0.454%**  (.450%**
(0.094) (0.078) (0.226) (0.268) (0.119) (0.126) (0.096) (0.079) (0.087) (0.070) (0.115) (0.114) (0.052) (0.046)
Married/cohabiting -0.113* -0.159%* 0.019 0.229 -0.113 0.026 -0.122 -0.001 0.039 -0.014 -0.110 -0.233 -0.120%**  -0.19]1%**
(0.058) (0.067) (0.221) (0.260) (0.106) (0.121) (0.074) (0.078) (0.073) (0.082) (0.126) (0.159) (0.031) (0.037)
Family size 0.036 0.017 -0.006 -0.139 0.005 -0.086 0.062%%* 0.063** 0.003 -0.012 -0.127%* -0.029 -0.055%** -0.009
(0.031) (0.033) (0.118) (0.134) (0.062) (0.067) (0.030) (0.029) (0.027) (0.024) (0.050) (0.057) (0.019) (0.020)
Number of children 0.045 -0.004 -0.078 0.084 0.072 0.114 -0.057 -0.058* -0.048 0.067** 0.121** 0.102 0.121***  (0.048**
(0.043) (0.044) (0.144) (0.147) (0.073) (0.078) (0.037) (0.034) (0.038) (0.032) (0.061) (0.067) (0.023) (0.024)
Weekly work hours 0.000 0.004 -0.002 -0.005 0.011** 0.003 -0.004*** 0.000 0.001 0.006* 0.000 -0.001 0.002 -0.001
(0.003) (0.003) (0.013) (0.011) (0.005) (0.005) (0.002) (0.002) (0.004) (0.003) (0.003) (0.003) (0.002) (0.001)
Part-time worker -0.190* 0.153 -0.110 0.436 0.034 0.193 -0.100 0.072 0.126 0.418*** -0.030 -0.305* -0.063 -0.054
(0.097) (0.164) (0.312) (0.432) (0.107) (0.226) (0.073) (0.095) (0.090) (0.147) (0.092) (0.183) (0.043) (0.060)
Weekday 0.238*** 0.068 0.002 0.108 0.017 -0.083 0.087 0.066 0.081 0.015 0.284*** 0.032 0.300%**  (0.265%**

0.078)  (0.081)  (0.189)  (0.240)  (0.104)  (0.124)  (0.055)  (0.047)  (0.074)  (0.067)  (0.086)  (0.089)  (0.029)  (0.029)

Transport mode

Rate: private vehicle ~ 0.285%%*  (0.442% 0.004 -0.286 0.154  -0261  -0426%*  0.034 0052  0.131%*  -0.072 0.060 0.083  -0.170%*
0.079)  (0227)  (0.305)  (0.229)  (0209)  (0213)  (0.176)  (0.086)  (0.080)  (0.065)  (0.157)  (0.195)  (0.058)  (0.077)

Rate: public fransport ~ 0.611%%%  0.924%%x  1271**  1.111**  0.117 0.043 0.101  0.625%%*  0.650%*% (.505%*%*% 0.586%**  0.627%  0.722%%*%  (.664%**
(0.136)  (0267)  (0.494)  (0.473)  (0259)  (0279)  (0.186)  (0.139)  (0.106)  (0.117)  (0.204)  (0.359)  (0.121)  (0.127)

Rate: active 0.012 0.143 0.156 -0.234 0.173 20.150  -0.370%*  0.150  -0.193**  -0.181**  -0.199 0318  -0.438%%% _050]%xx

0.026)  (0.245)  (0.321)  (0.311)  (0229)  (0.249)  (0.175)  (0.097)  (0.087)  (0.084)  (0.177)  (0.210)  (0.093)  (0.098)

Constant 0.541 -0.335 1.540 -0.974 0.530 1.547**%  2.020%** 0412 0.958** 1.166*** 1.243** 1.854%*** (0 777*** 0.302
(0.330) (0.408) (1.118) (1.192) (0.647) (0.670) (0.400) (0.395) (0.405) (0.375) (0.528) (0.589) (0.272) (0.276)
Year F.E. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 3,798 3,706 564 464 1,808 1,876 3,784 5,426 3,324 4,342 2,033 2,044 17,792 18,062
R-squared 0.024 0.020 0.034 0.043 0.011 0.006 0.026 0.011 0.030 0.014 0.032 0.021 0.030 0.030

Note: The sample (MTUS 2000-2018) has been restricted to countries with non-missing information on the main variables. The sample includes employed individuals who worked the
diary day. The dependent variable is the log-of-minutes of difference between commuting to and from work. * Significant at the 90% level; ** significant at the 95% level; ***
significant at the 99% level.
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Appendix A. Additional tables

Table Al. Sample composition

Country Years N. Individuals  N. Episodes
Canada 2005, 2010 9,912 20,883
Finland 2009, 2010 1,331 2,614
France 2010 5,065 11,595
Korea 2009 13,577 27,750
Spain 2002, 2003, 2009, 2010 11,817 32,310
UK 2000, 2001, 2014, 2015 5,469 13,970
US 2003-2018 43,346 93,957

Note: The sample (MTUS 2000-2018) has been restricted to countries with
non-missing information on the main variables. The sample includes employed
individuals who worked the diary day.
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Table A2. Average commuting to and from work, including intermediate activities
Commuting time No.

Country Sex Total To work From work  Difference  Individuals

Canada Women 80.685 41.120 39.565 1.555% 4913
Men 105.325 52.343 52.982 -0.639 4,999
Gender diff. -24.640%** -11.223%** -13.417***

Finland Women 59.535 32.644 26.891 5.753%* 722
Men 62.675 35.663 27.013 8.650*** 609
Gender diff. -3.140* -3.019 -0.122

France Women 78.566 39.291 39.276 0.015 2,466
Men 91.318 46.698 44.620 2.078* 2,599
Gender diff. -12.752%** -7.407*** -5.344%**

South Korea Women 70.718 35.384 35.335 0.049 5,440
Men 75.162 37.905 37.257 0.648 8,137
Gender diff. -4.444%** =252 F** -1.922%*%*

Spain Women 76.939 36.261 40.678 -4 417H%* 4,994
Men 99.540 45.893 53.647 -7.754%** 6,823
Gender diff. -22.601*** -9.632+** -12.969***

UK Women 58.219 34.556 23.662 10.894#%* 2,652
Men 84.630 48.144 36.486 11.658%** 2,817
Gender diff. 226 411%%%  _13.588%%%  -]12.824%**

Us Women 59.230 32.864 26.366 6.498%%* 22,603
Men 80.529 42.020 38.509 3.51 %% 24,743
Gender diff. -21.299%** -9.156%** -12.143%**

Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to
countries with non-missing information on the main variables. The sample includes employed individuals who
worked the diary day. Commuting time is measured in minutes, including ancillary activities done within
commuting trips. Differences in commuting time to/from work are computed as the time of commuting to
work, minus the time of commuting from work. Differences between women and men are computed as the
average time of women, minus the average time of men. * Significant at the 90% level; ** significant at the
95% level; *** significant at the 99% level; all computed according to #-type tests.
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Table A3. Additional descriptives

Women Men
Variables Mean S. Dev. Mean S. Dev
Commuter 0.998 0.042 0.998 0.040
Commuting time 47.908 40.471 58.540 49.889
Commuting to work 26.437 22.659 30.399 28.084
Commuting from work 21.472 24.036 28.141 30.081
Age 41.600 11.370 41.707 11.054
Education: basic 0.100 0.300 0.119 0.324
Education: secondary 0.311 0.463 0.351 0.477
Education: University 0.588 0.492 0.530 0.499
Married/cohabiting 0.661 0.473 0.767 0.423
Family size 2.923 1.362 3.110 1.418
Presence of children 0.488 0.500 0.503 0.500
Number of children 0.835 1.026 0.911 1.094
Weekly work hours 39.389 12.192 45.678 12.114
Paid work time 458.741 136.278 509.427 139.988
Part-time worker 0.194 0.395 0.052 0.223
No. Individuals 43,790 50,727

Note: The sample (MTUS 2000-2018) has been restricted to countries with non-
missing information on the main variables. The sample includes employed individuals
who worked the diary day. Commuting times are measured in minutes. Paid work
time is measured in minutes per day.
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Table A4. Additional descriptives, by country

CANADA FINLAND FRANCE KOREA SPAIN UK US
VARIABLES Women Men Women Men Women Men Women Men Women Men Women Men Women Men
Age 40.119 40.284 43.402 43.449 42420 41.772 40466 42,108 38.117 39.806 40.192 41.018 42.706 42.363
Education: basic 0.074 0.109 0.099 0.149 0.164 0.155 0.218 0.131 0.125 0.173 0.160 0.196 0.060 0.085
Education: sec. 0.156 0.173 0.345 0.422 0.535 0.593 0.593 0.584 0.391 0.448 0.364 0.369 0.238 0.260
Education: Univ. 0.770 0.718 0.555 0.429 0.301 0.252 0.189 0.285 0.484 0.379 0.476 0.435 0.701 0.655
Married/cohabiting 0.564 0.666 0.861 0.868 0.730 0.782 0.829 0.875 0.809 0.883 0.871 0.930 0.580 0.701
Family size 2.548 2.742 2.883 2.951 2.715 2.869 3.325 3.357 3.392 3.520 3.073 3.203 2.825 3.013

Presence of children ~ 0.343 0.383 0.418 0.482 0.452 0.471 0.460 0.522 0.465 0.477 0.467 0.510 0.531 0.528
Number of children ~ 0.519 0.618 0.779 0.883 0.755 0.851 0.780 0.905 0.711 0.757 0.794 0.909 0.938 1.013
Weekly work hours 39473 45706 36270 40.629  32.685 37970 48561 53.254 36.211 41.039 32859 44.156 39.626  45.718
Part-time worker 0.103 0.032 0.103 0.025 0.245 0.044 0.174 0.066 0.197 0.029 0.384 0.047 0.190 0.060

No. Episodes 4,913 4,999 722 609 2,466 25,99 5,440 8,137 4,994 6,823 2,652 2,817 22,603 24,743
Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to the countries with non-missing information on the main variables.
The sample includes employed individuals who worked the diary day. Commuting times are measured in minutes. Paid work time is measured in minutes per day.
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Table AS. Averages of commuting episode variables, by country

CANADA FINLAND FRANCE
To work From Diff. To work From Diff. To work From Diff.

VARIABLES work work work

A. Women
Episode duration 21.964 23318 | 35455 25.022 24.067 0.955 27.128 27.596 -0.468
Episode: private vehicle 0.813 0.815 -0.002 0.622 0.616 0.006 0.748 0.734 0.014
Episode: public transport 0.083 0.087 -0.004 0.042 0.043 -0.001 0.071 0.080 -0.009
Episode: active 0.101 0.096 0.005 0.282 0.301 -0.019 0.147 0.147 0.000
Episode: other mode 0.006 0.006 0.000 0.157 0.144 0.013 0.052 0.058 -0.006
With whom: alone 0.851 0.827 0.024%** 0.735 0.751 -0.016 0.870 0.873 -0.003

sk

With whom: child 0.023 0.038 0.015%%* 0.004 0.010 -0.006 0.057 0.042 0.015
With whom: partner 0.060 0.065 -0.005 0.115 0.067 0.048*** 0.041 0.038 0.003
Episodes per trip 1.385 1.225 0.160%** 1.070 1.023 0.047%** 1.414 1.355 0.059%**
No. Episodes 5,806 4,678 737 685 3,007 2,759

B. Men
Episode duration 25.251 26.788 | 5375 26.238 25.685 0.553 30.589 31.078 -0.489
Episode: private vehicle 0.840 0.844 -0.004 0.696 0.707 -0.011 0.780 0.772 0.008
Episode: public transport 0.061 0.059 0.002 0.012 0.022 -0.010 0.064 0.075 -0.011
Episode: active 0.093 0.091 0.002 0.170 0.167 0.003 0.109 0.101 0.008
Episode: other mode 0.022 0.022 0.000 0.183 0.163 0.020 0.077 0.083 -0.006
With whom: alone 0.870 0.866 0.004 0.821 0.819 0.002 0.897 0.897 0.000
With whom: child 0.009 0.013 -0.004** 0.006 0.003 0.003 0.025 0.017 0.008**
With whom: partner 0.038 0.035 0.003 0.055 0.041 0.014 0.031 0.025 0.006
Episodes per trip 1.390 1.291 0.099*** 1.100 1.063 0.037 1.421 1.355 0.066***
No. Episodes 5,907 5,254 610 585 3,121 2,881

Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to countries with non-missing
information on the main variables. The sample includes commuting episodes of employed individuals who worked the diary day. Episode
duration is measured in minutes. Start time is measured in hours. Private vehicle includes car, truck, or motorcycle. Active commuting
includes walking and physical modes of transport. Other trips are classified as “unspecified”. Differences in commuting time to/from work
are computed as the time of commuting to work, minus the time of commuting from work. * Significant at the 90% level; ** significant at
the 95% level; *** significant at the 99% level; all computed according to #-type tests.
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Table AS (Cont.). Averages of commuting episode variables, by country

KOREA SPAIN UK US
To work From Diff. To work From Diff. To work From Diff. To work From Diff.
VARIABLES work work work work
A. Women
Episode duration 31.893 31.376 0.517 21.060 21.925 0.865%%* 19.218 20.921 1 703%%* 19.515 21.945 2 430% %
Episode: private vehicle 0.380 0.399 -0.019%* 0.365 0.360 0.005 0.595 0.597 -0.002 0.852 0.848 0.004
sk -
Episode: public transport 0.173 0.168 0.005 0.150 0.136 0.014 0.134 0.124 0.010 0.037 0.049 0.0]12%%%
Episode: active 0.430 0.415 0.015%* 0.255 0.242 0.013* 0.207 0.206 0.001 0.062 0.058 0.004
_ - _ % sk
Episode: other mode 0.017 0.018 0.001 0.232 0.263 0.031 %% 0.079 0.092 0.013 0.051 0.047 0.004
seskok stk -
With whom: alone 0.866 0.787 0.079 0.770 0.714 0.056 0.637 0.636 0.001 0.873 0.880 0.007%%*
With whom: child 0.002 0.002 0.000 0.017 0.020 -0.003 0.042 0.030 0.012%** 0.031 0.033 -0.002
With whom: partner 0.063 0.074 -0.011** 0.045 0.051 -0.006* 0.087 0.090 -0.003 0.033 0.031 0.002
Episodes per trip 1.110 1.106 0.004 1.724 1.691 0.033%%** 2.050 1.513 0.537%** 1.537 1.108 0.429%**
No. Episodes 5,774 5,766 6,906 6,685 3,959 2,636 26,758 17,025
B. Men
ok - - -
Episode duration 35.904 35.130 0.774 22.428 23.757 1 309 24.872 26.617 1 74555 22.561 26.169 3 608%**
_ *k Kk -
Episode: private vehicle 0.662 0.681 0.019 0.503 0.478 0.025 0.651 0.647 0.004 0.852 0.864 0.012%%*
% ~ -
Episode: public transport 0.066 0.066 0.000 0.072 0.065 0.007 0.115 0.121 0.006 0.034 0.040 0.006%**
Episode: active 0.223 0.200 0.023%** 0.137 0.133 0.004 0.167 0.165 0.002 0.068 0.058 0.010%**
- - _ sk
Episode: other mode 0.050 0.054 0.004 0.294 0.330 0.036%** 0.108 0.111 0.003 0.052 0.047 0.005
sk sk - "
With whom: alone 0.898 0.841 0.057 0.785 0.746 0.039 0.681 0.686 0.005 0.882 0.905 0.023%%*
- . i
With whom: child 0.000 0.000 0.000 0.006 0.013 0.007%%* 0.022 0.016 0.006 0.010 0.012 0.002
_ - *
With whom: partner 0.036 0.040 0.004 0.024 0.031 00075 0.076 0.071 0.005 0.022 0.020 0.002
1.048 1.067 - 1.692 1.694 " 2.057 1.742 ook 1.532 1.212 -
Episodes per trip 0.019%** -0.002 0315 0.320
No. Episodes 8,131 8,334 9,493 9,515 4,148 3,223 29,163 22,057

Note: Standard deviations available upon request. The sample (MTUS 2000-2018) has been restricted to countries with non-missing information on the main variables. The
sample includes commuting episodes of employed individuals who worked the diary day. Episode duration is measured in minutes. Start time is measured in hours. Private
vehicle includes car, truck, or motorcycle. Active commuting includes walking and physical ways of transport. Other trips are classified as “unspecified”. Differences in
commuting time to/from work are computed as the time of commuting to work, minus the time of commuting from work. * Significant at the 90% level; ** significant at the
95% level; *** significant at the 99% level; all computed according to #-type tests.
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Table A6. Details on the timing of commuting

CANADA FINLAND FRANCE
Women Men Women Men Women Men
Hour of To From To From To From To From To From To From
the day work work  work work  work work  work work  work work  work work
4am 0.010 0.001 0.035 0.004 0.006 0.000 0.010 0.003 0.010 0.001 0.031 0.003
S5am 0.045 0.003 0.092 0.009 0.058 0.002 0.096 0.009 0.025 0.003 0.057 0.011
6am 0.149 0.006 0240 0.018 0.170 0.003 0.264 0.007 0.074 0.006 0.126 0.007
7am 0.331 0.022 0323 0.028 0.339 0.013 0.259 0.003 0.305 0.013 0.382 0.011
8am 0.302 0.020 0.195 0.020 0.209 0.009 0.137 0.002 0.345 0.012 0.269 0.007
9am 0.074 0.009 0.055 0.010 0.083 0.008 0.056 0.010 0.088 0.012 0.076 0.008
10am 0.038 0.007 0.029 0.009 0.025 0.004 0.019 0.002 0.022 0.015 0.024 0.010
1lam 0.032 0.018 0.021 0.017 0.023 0.009 0.007 0.005 0.020 0.036 0.025 0.042
Noon 0.058 0.042 0.057 0.055 0.029 0.016 0.010 0.010 0.046 0.165 0.051 0.161
Ipm 0.040 0.030 0.042 0.025 0.037 0.041 0.020 0.020 0.148 0.043 0.152 0.050
2pm 0.029 0.035 0.034 0.034 0013 0.100 0.011 0.101 0.037 0.041 0.026 0.040
3pm 0.031 0.090 0.027 0.087 0.018 0209 0.010 0.199 0.015 0.040 0.014 0.044
4pm 0.025 0.201 0.026 0.199 0.013 0.229 0.003 0.208 0.022 0.112 0.012 0.110
Spm 0.024 0228 0.028 0.261 0.006 0.124 0.005 0.113 0.014 0.212 0.013 0.225
6pm 0.015 0.088 0.020 0.127 0.007 0.055 0.004 0.046 0.012 0.179 0.009 0.214
Tpm 0.010 0.044 0011 0.056 0.009 0.021 0.003 0.033 0.008 0.112 0.009 0.121
8pm 0.005 0.034 0.007 0.034 0.012 0.025 0.002 0.023 0.008 0.053 0.015 0.048
9pm 0.005 0.030 0.008 0.031 0.006 0.046 0.009 0.025 0.003 0.023 0.009 0.035
10pm 0.006 0.020 0.011 0.025 0.001 0.027 0.004 0.019 0.002 0.010 0.003 0.017
11pm 0.004 0.017 0.004 0.022 0.000 0.010 0.000 0.014 0.001 0.004 0.001 0.008
Midnight 0.002 0.015 0.002 0.012 0.000 0.004 0.002 0.006 0.001 0.001 0.002 0.003
lam 0.001 0.003 0.002 0.006 0.000 0.001 0.002 0.001 0.000 0.002 0.001 0.002
2am 0.002 0.004 0.002 0.006 0.000 0.000 0.002 0.001 0.000 0.000 0.002 0.002
3am 0.002 0.003 0.006 0.005 0.001 0.001 0.001 0.000 0.002 0.001 0.008 0.001

Note: The sample (MTUS 2000-2018) has been restricted to countries with non-missing information on the main variables.
The sample includes employed individuals who worked the diary day.
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Table A6 (Cont.). Details on the timing of commuting

KOREA SPAIN UK US
Women Men Women Men Women Men Women Men
Hour of To From To From To From To From To From To From To From To From
the day work work  work work  work work  work work  work work  work work  work work  work work
4am 0.004 0.004 0.012 0.004 0.002 0.001 0.007 0.002 0.007 0.000 0.015 0.001 0.015 0.001 0.039 0.002
Sam 0.023 0.008 0.047 0.009 0.018 0.003 0.045 0.006 0.017 0.001 0.079 0.006 0.053 0.002 0.107 0.005
6am 0.066 0.005 0.164 0.016 0.070 0.006 0.128 0.017 0.078 0.002 0.170 0.015 0.153 0.006 0.217 0.011
7am 0.235 0.007 0382 0.019 0265 0.004 0394 0.011 0266 0.007 0.341 0.009 0.305 0.015 0.257 0.015
8am 0.410 0.008 0379 0.021 0.299 0.011 0225 0.009 0409 0.014 0.289 0.008 0.208 0.008 0.150 0.010
9am 0.200 0.008 0.112 0.013 0.158 0.009 0.071 0.005 0.129 0.011 0.090 0.006 0.075 0.006 0.059 0.008
10am 0.078 0.006 0.033 0.009 0.031 0.010 0.020 0.006 0.030 0.003 0.027 0.007 0.037 0.007 0.030 0.009
11am 0.037 0.009 0.014 0.007 0.018 0.017 0.010 0.007 0.033 0.011 0.017 0.012 0.032 0.013 0.029 0.014
Noon 0.027 0.015 0.013 0.013 0.022 0.036 0.012 0.033 0.032 0.040 0.023 0.025 0.059 0.026 0.070 0.029
1pm 0.031 0.017 0.016 0.012 0.042 0.163 0.051 0.198 0.038 0.042 0.036 0.024 0.056 0.024 0.059 0.022
2pm 0.021 0.033 0.018 0.015 0.0860 0222 0.134 0222 0.023 0.039 0.024 0.033 0.035 0.040 0.037 0.042
3pm 0.018 0.046 0.013 0.028 0.122 0.191 0.122 0.147 0.019 0.059 0.012 0.053 0.028 0.075 0.026 0.095
4pm 0.016 0.078 0.010 0.042 0.102 0.069 0.065 0.045 0.023 0.122 0.016 0.150 0.021 0.115 0.020 0.145
Spm 0.019 0.177 0.014 0.160 0.033 0.061 0.024 0.063 0.017 0204 0.025 0.263 0.017 0.144 0.019 0.184
6pm 0.015 0276 0.014 0329 0.017 0.072 0.012 0.140 0.013 0.095 0.021 0.185 0.011 0.072 0.013 0.109
Tpm 0.012 0.166 0.014 0.220 0.010 0.089 0.014 0.174 0.008 0.040 0.012 0.072 0.005 0.038 0.008 0.051
8pm 0.008 0.100 0.009 0.119 0.010 0.121 0.012 0.138 0.007 0.026 0.009 0.034 0.004 0.024 0.006 0.026
9pm 0.006 0.098 0.007 0.088 0.013 0.066 0.025 0.049 0.011 0.022 0.013 0.021 0.005 0.020 0.007 0.024
10pm 0.003 0.078 0.005 0.068 0.002 0.065 0.006 0.053 0.003 0.021 0.006 0.018 0.007 0.017 0.007 0.021
11pm 0.001 0.037 0.003 0.041 0.002 0.022 0.003 0.022 0.001 0.011 0.002 0.014 0.003 0.015 0.003 0.019
Midnight 0.001 0.013 0.002 0.013 0.000 0.014 0.001 0.014 0.000 0.006 0.001 0.012 0.001 0.007 0.001 0.011
lam 0.001 0.008 0.001 0.008 0.000 0.006 0.001 0.007 0.001 0.003 0.000 0.005 0.001 0.003 0.002 0.006
2am 0.001 0.010 0.002 0.006 0.001 0.004 0.001 0.004 0.001 0.002 0.000 0.003 0.002 0.002 0.004 0.005
3am 0.000 0.000 0.000 0.000 0.000 0.003 0.001 0.003 0.000 0.001 0.003 0.005 0.003 0.001 0.007 0.004

Note: The sample (MTUS 2000-2018) has been restricted to countries with non-missing information on the main variables. The sample includes employed
individuals who worked the diary day.
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