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THE COMMUTERS’ BURDEN:

THE RELATIONSHIP BETWEEN
COMMUTING AND WELLBEING IN
EUROPE

ABSTRACT

There is a growing body of scientific evidence that demonstrates a negative relationship between
commuting and wellbeing. However, many of the existing studies have some limitations with respect
to geographical scope, the control variables included, or the operationalisation of either wellbeing or
commuting. In this contribution, we consider weekly commuting hours (WCH) per employed
individual. Furthermore, we combined 13 variables on physical condition, weariness and mental
condition in a new index for wellbeing. Thanks to the data from the large-scale European Working
Conditions Survey from 2015, we were able to cover 35 European countries. A multilevel multiple
linear regression model was developed with control variables for factors with a known influence on
wellbeing, random intercepts per country, and random slopes for the estimated WCH effect per
country. Our results confirm that more time spent on commuting is negatively associated with
wellbeing, although the effect size of WCH on wellbeing is relatively small when compared to ageing,
education level, frequently working overtime, and experiencing harassment or discrimination at
work. The multilevel approach reveals relevant differences between European countries with respect
to the general level of wellbeing and the effect of WCH. Nevertheless, in all the countries included in
our analysis the relationship between WCH and wellbeing is slightly negative.
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HIGHLIGHTS

e Data from 30,000 employed individuals from 35 European countries.

e We use the weekly commuting hours

e Wellbeing consists of physical and mental health indicators and fatigue.
e Commuting has a small negative effect on wellbeing.

e Eliminating harassment and discrimination is far more important.

GRAPHICAL ABSTRACT



Quantifying the impact of travel time on the well-being of working Europeans

we define a new travel time variable:
weekly commuting hours

we integrate multiple indicators of
subjective and objective well-being




1 INTRODUCTION

Wellbeing research is on the rise. Academics from multiple research fields have reported on a broad
range of issues that affect wellbeing. In this paper, we focus on the influence of commuting on
wellbeing. With billions of people travelling to and from work daily, commuting is often mentioned
as an important personal and societal burden. Many see commuting as a necessary evil while
referring to traffic jams, overcrowded trains, and the necessity to travel to their place of work.
Conversely, others experience commuting as pleasant due to the accompanying 'me-time' or the
pleasure of walking, cycling, or driving. It is a complex issue that is interwoven with individual
characteristics, family and work situation, and the relationship between family and work.

Although research on wellbeing research is on the rise, additional studies on the relationship
between commuting and wellbeing are welcome. Within the broad field of welfare studies on family
life and working conditions, attention for the effects of commuting is limited, and this topic often
overlooked. Within the field of transport research, attention is often limited to comparing transport
modes, travel experiences, and remembered utility. The present study examines the role of
commuting in wellbeing while accounting for other known and relevant features of life.

There is a growing body of scientific evidence suggesting a negative relationship between the travel
time for the daily commute and wellbeing. Chatterjee et al. (2019) have provided an excellent and
critical overview of the highly heterogeneous literature on commuting and subjective wellbeing.
They state that “satisfaction decreases with duration of commute” and that “a consistent link
between commuting and life satisfaction overall has not been established” (Chatterjee et al., 2019, p.
1). We quantify this link between commuting and wellbeing in this paper. Furthermore, we aim to
meet the plea by Mokhtarian (2019, p. 507), in another recent review paper, “for future research to
pay attention to effect sizes as well as statistical significance [...] whether it is meaningful in size”. The
resulting research question of this paper is: to what extent does the time spent on commuting affect
wellbeing?

Many of the existing studies have some limitations, such as sample size, the geographical area they
cover, the control variables used, or the operationalisation of the abstract concept of wellbeing. In
this contribution, we examine the relationship between commuting time and wellbeing thoroughly,
on the basis of a carefully designed operationalisation of wellbeing, a wide range of relevant control
variables, and a large and highly representative sample of employed individuals from 35 countries in
Europe, home to 600 million people in 2015. By doing so, we hope to contribute and strengthen the
available body of knowledge.

Our paper begins with an brief overview of the existing literature on wellbeing and commuting. In
this section, various relevant variables for the regression model are introduced. For a more thorough
and extensive review, we kindly refer to the excellent reviews by Mokhtarian (2019) and Chatterjee
et al. (2019). In the next section, our research method and data are presented, after which we share
our findings. Finally, the paper ends with a discussion and our conclusions.



2 WELLBEING AND COMMUTING

2.1 THE ABSTRACT CONCEPT OF WELLBEING

Wellbeing is conceived as thriving across multiple domains of life, integrating hedonic wellbeing
(feeling good) and eudaemonic wellbeing (functioning well) (Adler & Seligman, 2016; Diener et al.,
2003; Reardon & Abdallah, 2013). Therefore wellbeing must be approached in a multidimensional
way: using both subjective and objective measures. Firstly, subjective measures of wellbeing are
‘soft’ measures of self-reported life domain assessment, like how ‘happy’ or ‘satisfied with life’
people are. Secondly, objective measures of wellbeing use statistics like income level, employment
rate, housing quality (basic facilities, rooms per person), the average life expectancy, or the number
of divorces (Smith & Reid, 2017; Reardon & Abdallah, 2013). The Better Life Index by the OECD is an
interesting example of the latter (http://www.oecd.org/statistics/better-life-initiative.htm).. All
dimensions mutually affect each other and provide a partial picture of an individual’s wellbeing.
Hence, combining these approaches provides a more complete view (Schueller & Seligman, 2010).
Therefore, we include a multidimensional approach to wellbeing in this paper.

General wellbeing research, like that of Oguz et al. (2013) for the UK, shows that people view their
health as the most important factor for their personal wellbeing, followed by employment status and
relationship status. People’s age, gender, ethnic background, migration status, religious affiliation,
level of education, presence of children, reasons for inactivity, occupation, home ownership, and
area of residence are other examples of factors which influence personal wellbeing (Oguz et al.,
2013). The differences in life satisfaction between income classes are quite small, and improvements
in financial situation hardly raise happiness, because the increase of income itself engenders a
corresponding rise in material aspirations while experienced utility does not rise as expected (Frey &
Stutzer, 1999; Easterlin, 2001). These observations inspired us to include a series of control variables
in the analysis (Table 1).

Despite the growing presence of literature concerning the determinants of wellbeing and the
established reasonably robust relationships between happiness, labour market status and health on
the one hand and the extensive literature on the effects of specific working conditions on health
outcomes on the other hand, commuting is seldom part of such studies (Roberts et al., 2009;
Loscocco & Spitze, 1990). If mentioned at all, it is often only as one of the many objective state-level
indicators (Adler & Seligman, 2016; Song, 2017).

Commuting involves distance and time, but it also leads to out-of-pocket costs, air pollution,
greenhouse gas emissions, traffic congestion and urban sprawl. It intervenes in the relationship
between work and family, and psychologists have long since recognised that commuting has
potentially destructive effects, and that it leads to concerns about levels of stress and psychological
problems among the working population (Roberts et al., 2009; Stutzer & Frey, 2008; Lyons &
Chatterjee, 2008; Sandow 2014). However, there are also benefits, such as 20-minute commutes,
which provide a buffer between work and private life, creating a moment for oneself. Mokhtarian
and Salomon (2001) use the term “anti-activities”, which they describe as “the ability to use the time
for relaxing or thinking, including ‘shifting gears’ mentally between the origin and destination
activities and roles” (p. 702). For longer work commutes, social and entertainment activities either
increase positive effects or counteract stress and boredom (Lyons & Chatterjee, 2008; Ettema et al.,
2012; Olsson et al., 2013; Mattisson et al., 2015).



From a neoclassical economics perspective, commuting is a rational decision determined by an
equilibrium state of the housing and labour market (So et al., 2001; Novaco et al., 1990; Reardon &
Abdallah, 2013). Not surprisingly, economic models emphasise the trade-off between commuting
costs and housing costs and place this trade-off at the core of residential location models (Alonso,
1964; Muth 1969). Only recently has commuting been considered from the perspective of the ‘new
economics of wellbeing’ (Roberts et al., 2009). Most attention has been paid to traffic congestion as
the primary underlying factor leading to elevated stress from commuting (Wener et al., 2003). The
studies by Kahneman et al. (2004) and White and Dolan (2009) state that commuting, compared to
other daily activities, is neither pleasurable nor rewarding. A Swedish study by Olsson et al. (2013)
shows another image, namely that people’s feelings during commutes are predominantly positive or
neutral. Possible explanatory factors include desirable physical exercise from walking and biking.
However, many of the studies about commuting cover only the satisfaction with commuting, not
wellbeing as a whole (Ettema et al., 2010). In this paper, we study wellbeing in general, and we focus
on commuting time.

2.2 COMMUTE TO WORK

Much has been written about commuting time and the various factors that influence the duration of
commuting. A ‘commuting time paradox’ has been observed, which states that the average
commuting time on an aggregated level does not vary between different historical periods, while
many other related aspects do (Van Ommeren & Rietveld, 2005; Kim, 2008). An increase in travel
speed mainly results in longer distances covered. Indeed, the acceleration of the system results in an
enlargement of geographical scope.

There are some patterns in commuting time in relation to social groups. In their study, using data
from the European Working Conditions Survey (EWCS), Zijlstra et al. (2018) show that there are some
key determinants to explain the differences in commuting time. For instance, the size of the
organisation, expressed in the number of employees, is positively associated with travel time. In
some sectors, like mining, construction and international organisations, there are relatively long
commutes, while in retail, education and healthcare commutes are relatively short. The socio-
economic class, based on education and income level, is also an important factor. Finally, this study
shows that, on average, people who reside in non-urban peripheral regions need less time to travel
to work. Levinson (1998), in turn, has found that residents who live in job-rich areas and work in
housing-rich areas have shorter commuting times. Moreover, the travel mode, in addition to socio-
economic and demographic characteristics, also influence commuting time (He & Zhao, 2017; Lee &
McDonald, 2003). Clark et al. (2003) have demonstrated that both one- and two-worker households
with a larger distance between the workplace and residence often decide to decrease commuting
distance and time during their career.

Despite the number of studies about commuting time and the fact that context-specific factors like
commuting time cause changes in subjective wellbeing (SWB), a link with overall wellbeing is less
common. Our paper focuses on this connection. The following paragraph briefly discusses the
existing literature on the relationship between commuting and both the subjective and objective
measures of wellbeing.

2.3 THE COMPLEX RELATIONSHIP BETWEEN COMMUTING AND WELLBEING

Regarding the subjective measures of wellbeing and commuting there is already a small and
interesting body of literature (Chatterjee et al., 2019). Contrary to the prediction of the equilibrium
location theory, commuting time seems to have a (large) negative effect on self-reported SWB or



people’s satisfaction with life (Stutzer & Frey, 2008; Olsson et al., 2013, Ettema et al.,2010; Crawley,
2014; Oguz et al., 2013). Moreover, Wener et al. (2003) have found that increased levels of stress
and negatively affected satisfaction are not only caused by longer commuting times, but also by
complicated (more stressful) trips, like public transportation trips with transfers. Olsson et al. (2013)
have pointed out that for many people, being able to make their daily routines work may be
important for their overall happiness due to positive feelings dominating over negative ones. Recent
research, using the Travel Satisfaction Scale (STS), has concluded that subjective wellbeing is affected
by travel mode, travel time, access to bus stops, and complexity of agendas that increase time
pressure (De Vos et al., 2013; Eriksson et al., 2013; Ettema et al., 2011). Finally, Oguz et al. (2013)
have found that the worst effects of commuting on personal wellbeing are experienced by people
with journey times lasting between 61 and 90 minutes. These are (extremely) long commuting times
for European standards (§3.2).

The vast majority of studies in the academic literature on the relationship between commuting and
subjective wellbeing used cross-sectional data, though recently promising research was carried out
with longitudinal data. These studies provide further analysis of the within-individual relationship
between commuting behaviour and SWB based on multiple observations per individual (Chatterjee
et al., 2019). A series of panel studies on data of workers in England was carried out by Clark et al.
(2019). They analysed the impact of commuting (time and mode) on multiple aspects of SWB. They
found that shorter commute times and walkable commutes can contribute to improved SWB,
particularly through the release of leisure time, but life satisfaction overall will probably only be
maintained if the benefits of undertaking the commute (earnings and satisfactory
housing/employment) are not compromised.

With respect to the more objective measures of wellbeing in relation to commuting, findings can be
grouped in four clusters. The first cluster concerns the household of the commuter. Sandow (2014)
has found that longer travel times have a negative effect on marriages and cohabitations.
Furthermore, Christian (2012) has demonstrated that more time spent on commuting results in less
time spent on other activities like active leisure, social activities, household tasks, and political
participation (Newman et al., 2014; Mattisson et al., 2015). The decreased time that can be spent
with family or friends negatively impacts family life and social commitments in general, and it might
(indirectly) influence the commuter’s wellbeing (Denstadli et al., 2017). Concerning gender, most
studies have found that women's greater sensitivity to commuting time appears to be a result of
their greater responsibility for daily household tasks, including childcare (Roberts et al., 2009;
Gimenez-Nadal & Molina, 2016; Lee & McDonald, 2003). After all, Swardh and Algers (2016) have
shown that estimated values of commuting time do not differ significantly between men and
women, but when decisions affecting commuting time and wage of both spouses are analysed, both
spouses value the commuting time of the wife highest. More time spent commuting also results in
less time for sleeping and resting, which in turn belongs to the second cluster: personal
characteristics. As early as 1978, Singer et al. concluded that commuting by train results in increased
objective indicators of stress, such as blood pressure and neuroendocrine processes. Contrarily,
active commuting by walking and cycling is associated with higher levels of physical wellbeing and
reduced obesity (Hansson et al., 2011; Humphreys et al., 2013; Yang et al., 2012). Poor mental health
is not significantly associated with commuting, whereas perceived poor sleep quality, exhaustion
(low vitality) and poor self-rated health are. These results are in line with the findings of previous
studies linking commuting to sleep disturbance (Gottholmseder et al., 2009; Walsleben et al., 1999;
Costal, 1988), daily stress (Costal, 1988; Amponsah-Tawiah et al., 2016), exhaustion (Himming et al.,
2009), poor self-rated health (Stutzer & Frey, 2008), and the absence of sickness (Karlstrom &
Isacsson, 2009). The third cluster includes everything related to the work and employment situation,
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such as income (see above). Van Ommeren and Guitiérrez-i-Puigarnau (2011) have ascertained a
positive and significant relationship between long distance commuting and absenteeism, considering
that this last one is probably one of the best general indicators for the psychological and physical
wellbeing of employees. The fourth cluster concerns differences between countries and cultures. This
cluster is still underexposed due to insufficient attention to the bigger picture and the fact that
studies often only focus one or a couple of countries.

A relevant conclusion from this literature review is that a rigorous test of the hypothesis there is a
negative relationship between commuting time and wellbeing demands the inclusion of both
subjective and objective criteria for wellbeing. In both the definition and the interpretation of
wellbeing, significant differences can be observed. Most of the studies include only one or a limited
number of variables and have failed to bring findings for different countries together. We tackle this
issue by incorporating the different dimensions of wellbeing. We also included a series of variables
controlling for the many dimensions, other than commuting time, that influence wellbeing. This
paper also covers 35 European countries, which makes our study unique in its genre. However, even
if we are able to find an association, the question remains whether it is meaningful in size
(Mokhtarian, 2019).

3 EWCS DATA AND MULTILEVEL MODELLING

3.1 DaATA

To test our hypothesis, we used cross-sectional data from the sixth edition of the European Working
Conditions Survey (EWCS, 2015), as obtained from the UK data archive. Nearly 44,000 workers —
employees, self-employed and entrepreneurs - were interviewed in a similar manner in 35 countries .
The random sample ranged from 1,000 to 3,300 people per country, depending on the number of
inhabitants of the country and national arrangements. The original dataset also contains weights to
approximate a more representative image of the working population per country. We applied these
weights in our study.

From the EWCS data, we only used employees with 2 12 hours of paid work per week; other cases,
such as employees with a limited number of working hours per week, the self-employed, volunteers,
entrepreneurs or employers, were excluded from our analysis. Additionally, cases from respondents
who cooperated poorly, as indicated by the interviewers, and cases with items missing regarding
travel times were deleted. We used predictive mean matching as an imputation technique for
missing items among the control variables. The final set contains 29,345 observations. This sample is
larger and more heterogeneous than that of most other studies. It also enabled us to compare
(cultural) differences between countries.

In the EWCS, a comprehensive list of 106 questions regarding working conditions was submitted to
the respondents. The topics discussed included not only objective measures of job quality, but also
the workers’ own assessment of socio-economic aspects, working conditions, safety issues, work
pressure, physical or mental strain, and collegiality. The EWCS data offers multiple benefits. Most
important for the purpose of our paper is the availability of multiple indicators of wellbeing, covering
both psycho-emotional (e.g. feeling cheerful) and more physical aspects (e.g. headaches) of
wellbeing. Although the focus is on working conditions, the dataset contains multiple interesting
potential control variables related to individual characteristics and household situation. Overall, the
data gathering has been thorough, the sample size is excellent, and the data are publicly available.



3.2 TOESTABLISH A CAUSAL RELATIONSHIP LONGITUDINAL DATA IS PREFERRED OVER CROSS-
SECTIONAL DATA (WUNSCH ET AL. 2010; PEARL, 2020). MODELS BASED ON CROSS-
SECTIONAL DATA HAVE A HIGHER RISK OF BIASED ESTIMATES (MAXWELL & CoLE, 2007;
PEARL, 2020): THEY MIGHT UNDER- OR OVERESTIMATE THE EFFECT. SINCE THE EWCS
CONTAINS CROSS-SECTIONAL DATA, WE ARE CAUTIOUS TO MAKE STATEMENTS ABOUT
CAUSALITY IN THIS PAPER. WE DEMONSTRATE AN ASSOCIATION RELATIONSHIP BETWEEN
WEEKLY COMMUTING TIME AND WELLBEING AND COMPARE OUR FINDINGS WITH THE

FINDINGS IN THE LITERATURE.MAIN EXPLANATORY VARIABLE: WEEKLY COMMUTING HOURS
Unfortunately, the EWCS data only offers one variable directly related to commuting, which is the
self-reported travel time: “In total, how many minutes per day do you usually spend travelling from
home to work and back”. Additional data on the transport mode, travel costs, the observed travel
time and so on would offer interesting opportunities to further improve research. The self-reported
travel time was converted to the main explanatory variable in this study, namely weekly commuting
hours (WCH). The WCH were calculated for each individual in the sample, using the self-reported
travel minutes, number of workdays per week, and the locations where the work was carried out.
People who never spent time at their workplace or who were always on the road (like taxi drivers,
bus drivers, or UberEats bikers) were removed while cleaning the data. Moreover, working from
home did not add any additional time to the WCH. The median WCH was 2.5, and the mean was 3.3.
The histogram (Figure 1) shows that the commuting hours per week are heavily skewed. About 77%
of the respondents commuted five hours or less per week to their respective workplaces, while the
maximum was 20 hours per week.
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Figure 1: Histogram of the estimated WCH; our calculations with data from EWCS-2015

Multiple studies have made the ‘mistake’ of directly modelling daily travel time for commuting. This
ignores day-to-day differences. For example, not everyone works at a fixed location every day. Also,
guite some employees work part-time, so the burden of two or three commutes per week will be
different from five times or even more. Additionally, people with longer travel times show more
coping strategies, like working at home or from a more accessible hub on some days. In the EWCS
subset we used, employees with > 12 hours per week, we found that 13% worked less than 30 hours
per week and 6% worked more than 50 hours per week in their main paid job. Over 12% worked four
days or less, and 18% worked more than five days a week. Approximately 80% of the people in our
sample never worked at home. The remaining 20% did work from home occasionally or multiple days
a week. Ultimately, only approximately 62% of the respondents in our sample commuted the



commonly assumed five days a week. 22% of the sample commutes less than five days. And 16%
commutes more than five days a week. Our WCH are not perfect, as they do not account for having
lunch at home, delays, or trip chaining. The WCH are the best guess based on the information
available to us.

Figure 2 maps the average WCH per employee for all 35 displayed countries. The map hardly shows a
distinct pattern. The average WCH in Turkey were relatively high, with 4.5 hours a week. The average
W(CH in Cyprus were relatively low, with an average of 1.9 hours per week. Figure 2 also shows which
countries are included in the EWCS dataset.
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Figure 2: Average WCH per country, calculated with data from EWCS-2015.

3.3 AN INDEX FOR WELLBEING

The dependent variable in our main model is wellbeing. Again, this variable was not directly available
in the EWCS dataset; it was derived from a number of other variables that were included. The
technique used to obtain a single index for wellbeing is the confirmatory factor analysis (CFA). In
contrast to an exploratory factor analysis, a CFA starts with a conceptual framework. It is up to the
model to tell whether or not this framework makes sense. It is not a data-driven exercise to obtain
the optimal fit for the data. The software used for the CFA is the lavaan package in R.

Our conceptualisation of wellbeing, inspired by the literature review, started with three main
ingredients: the physical condition, mental condition, and fatigue. Physical condition was constructed
using five dummy variables for the presence of backaches, headaches, muscular pain (upper and
lower part of the body), and weariness. The mental condition relied on the frequency scores of five
guestions regarding the state of mind, namely feeling cheerful, feeling relaxed, feeling vigorous,
feeling fresh and encountering interesting things. Fatigue, the third and final indicator for the
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wellbeing index, can be regarded as an intermediary between physical and mental health. This
indicator was fed by the question about weariness, as also used for physical condition, and three new
guestions regarding sleep issues (difficulties falling asleep, waking up repeatedly during the night,
and waking up rested in the morning).
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Figure 3: Wellbeing index: based on three indices and 13 survey questions

Our new conceptualisation of wellbeing combines more objective measures with more subjective
measures of wellbeing into a single index. We did not apply a readily existing and tested index for
wellbeing. The absence of the necessary standard building blocks in the dataset used is the main
explanation here. We were simply unable to mirror known indices. In order to assess the importance
of the underlying indicators in our index (mental condition, physical condition and fatigue), we
looked for concordant and discordant results in three separate models with one of the indicators as
dependent variable (appendix 3). We also carefully checked the output from the CFA.

The results of the CFA were satisfactory. All the details are provided in appendix 1. The CFA model fit
was good according to standard rules of thumb (Harrington, 2009). The data-driven model
improvement suggestions, called the modification indices, did not offer any logic lead for a better fit.
Ultimately, there seemed to be little room for improvement. Hence, the output of the CFA revealed
that our index for wellbeing is certainly plausible.

Figure 4 shows the histogram of the wellbeing index, the dependent variable in our model, as
constructed by the CFA (appendix 1). By default, the result of a CFA approximates a standard normal
distribution. In our study, the mean was zero and the standard deviation was 0.78. The distribution
was somewhat abnormal in the right tail, which caused a standard deviation below one. The
maximum (observed and practical) score on the wellbeing index was 1.64. People with a maximum
score indicated that they did not have any physical issues, had no problems sleeping and felt
cheerful, fresh, vigorous and so on all the time. Nearly 2.5% of the people in the sample obtained this
maximum score. Note that a score of zero is not the same as neutral. Zero is the population average,
with mainly (slightly) positive responses.
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3.4 MULTILEVEL MODELLING

To estimate the effect of travel time on wellbeing, we used a mixed-effects linear regression model
(Hox, 2010). This popular model is also known as a hierarchical or multilevel model. We considered
two levels in the analysis. Firstly, the responses of the participants were the base level (level 0). On
this level we had data from 29.345 cases. Secondly, on level 1, we differentiated between the 35
countries present in the EWCS dataset. We added this level, because one of the well-known
phenomena in ‘happiness’ studies are the considerable differences in self-reported wellbeing
between countries (Kahneman et al., 2004). Moreover, we needed to differentiate between the
countries in our data because of the considerable differences in the cultural, social, economic and
political conditions, which were not all accounted for by the control variables. Our assumption was
that the travel conditions for commuters vary between countries. Therefore, we allowed this effect
to differ between countries by adding a random slope for WCH to the model.

The literature review and the model output from other researchers made clear that individual
characteristics, household circumstances and employment context greatly influence wellbeing.
Therefore, we introduced a balanced set of control variables to account for these effects in our
model. Luckily, the rich EWCS data gave us the opportunity to do so (Table 1). Nevertheless, not all
relevant factors, with a known effect on wellbeing, are available to us. For instance, the EWCS lacks
details about living conditions and the social life of the individual.

Table 1: Control variables used in the model

Statistic Ref. level Mean St.Dev. Min. Median Max.
Female Male 0.515 0500 O 1 1
Age (group)™ 15-29 y/a 42.155 11.656 15 42 86
Immigrant No 0.09 0286 O 0 1
Partner at home No 0.651 0477 O 1 1
Kids at home No 0482 0500 O 0 1
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Single parent No 0.071 0256 O 0 1
No and low education level Mid - high education 0.032 0.177 O 0 1
Low to mid education level Mid - high education 0.604 0.489 0 1 1
Higher education level Mid - high education 0.115 0.319 0 0 1
Rurban / semi-urban Urban 0.305 0460 O 0 1
Rural Urban 0.267 0442 0 0 1
Restructure at workplace No 0.253 0435 O 0 1
Work at night No 0.113 0.317 O 0 1
Work overtime No 0.147 0354 O 0 1
Business size (2-9 people) 1 person 0.192 0394 O 0 1
Business size (10-249 people) 1 person 0.426 0495 O 0 1
Business size (250+ people) 1 person 0.340 0474 O 0 1
Main breadwinner No 0.633 0482 O 1 1
Wanting to change working hours No 0.119 0324 0 0 1
Second job No 0.079 0.269 O 0 1
Flexible working hours No 0.224 0417 O 0 1
Permanent contract No 0.802 0398 O 1 1
Years at current workplace 0 9.878 9.688 0 7 64
Discrimination (number of issues) 0 0.121 0548 O 0 7
Harassment (number of issues) 0 0.335 0.898 0 0 7
Net wage per month 0 0.16 1.081 -1 -0.15 6.796
Change of wage level (+ or -) 0 0.211 0.59 -1 0 1
Weights 1.003 1.372 0.004 0.493 18.535

Notes: the summary statistics displayed in the table are unweighted. [1] Age was converted into five age groups in the models: 15-29
(n=5073), 30-39 (n=7339), 40-49 (n=7945), 50-59 (n=7131), and 60 years and older (n=1875). This was done to account for non-linearity
and to reduce correlation with other independent variables.

4 MAIN RESULTS: SMALL IMPACT OF WEEKLY COMMUTING
HOURS ON WELLBEING

In this section, we first report the results regarding the fixed effects of the WCH and of the included
control variables on wellbeing. Subsequently, we explore the random intercept and random slope to
study the relevant differences between countries.

4.1 FIXED EFFECTS

With respect to the fixed effects (figure 5, appendix 2), WCH were found to have a statistically
significant and negative effect on the overall wellbeing while controlling for other known
determinants that affect wellbeing. The coefficient for one hour of weekly commuting time was -
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0.014, with a 95% confidence interval ranging from -0.019 to -0.009. Hence, the estimated effect of
the average commuting time of 3.3 hours was -0.046. Motivated by the skewed distribution of the
WCH (Figure 1) and the potential decisive effect of outliers, we also tested a log-transformed or
square root effect of travel time in the model. This did not yield alternative conclusions in terms of
significance or direction of the effect. All findings support our main hypothesis: commuting time is
significantly negatively associated with wellbeing. However, the statistical significance is hardly
surprising given the number of observations in our model. Meanwhile, the size of the effect is
modest in comparison to many other coefficients. Therefore, the importance of WCH and their
negative effect on wellbeing should not be overestimated.

When looking at the underlying indicators of our wellbeing index, we also a found significant
negative effect of WCH on fatigue, mental condition or physical condition (Appendix 3). The effect
size was somewhat larger (range -0.022 to -0.018) , when compared to the main model (-0.014). The
parameters for the main explanatory variable from these three models were highly consistent with
each other. Hence, the negative effect in the main model cannot be attributed to just one of these
indicators. Some of the (less consistent) control variables mitigate the effect of WCH in the main
model.

With respect to these control variables in our model, we found that women clearly reported lower
levels of overall wellbeing. Additionally, the wellbeing dropped as age increased, although the age
group of 60 years and older did not differ from the group of 50 to 60 years. In contrast with the
expectations, we did not find a lower level of wellbeing for immigrants, as they actually reported a
higher level of wellbeing than native employees. This might also be related to the added value of
other control variables (discrimination, income, and so on) or the lack of information, as we could
not differentiate between European and non-European migration, voluntary of non-voluntary
migration, and other possible relevant details. Moreover, we found small effects for the presence of
a partner or children at home. Having children at home slightly increased the level of wellbeing,
whereas having a partner at home resulted, on average, in a slightly lower wellbeing. However, we
found that not having a partner while having children at home (being a single parent) had a much
stronger negative effect on wellbeing. Furthermore, as education levels rose, so did the wellbeing.
We did not find a significant positive effect of income level, which is probably because of the
presence of education level, age, and other correlated variables. We did find an effect in the
expected direction of a recent rise or fall in income levels.

The number of different issues with harassment in the workplace turned out to be one of the key
determinants in wellbeing. Being confronted with one type of harassment resulted in a 0.16 drop.
The linear relationship suggests that being confronted with four forms of harassment would result in
a drop of 0.62. Approximately 17% of the respondents reported at least one form of harassment;
over 2% reported four types or harassment or more.

Looking at the working conditions, we learned that working in a small company contributes to
wellbeing, while a recent restructuring of the workplace, frequently working overtime and frequently
working at night goes hand in hand with a relatively lower overall wellbeing. Additionally, we found a
positive association between the years of employment at a particular workplace and the wellbeing,
although at least ten years at the same workplace are required for a noticeable difference. Finally, a
negative effect was found for people who indicated they wanted to alter their current working hours.
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Immigrant Immmsmsm 0,08

Rural s 0,07
Children living at home B 0,05
Business size [2-9 people] B 0,05

Fixed contract m 0,02

Change in wage level m 0,02

Higher education level m 0,01

Years at current workplace 10,00
Business size [10-249 people] I 0,00
Net wage per month (0,00)

Rurban (0,00) 1
Flexible work hours (0,01) =
WEEKLY COMMUTING HOURS (0,01) =
Main breadwinner (0,02) =
Second job (0,02) mm
Business size [250 people +] (0,03) mm
Partner (0,04) mmmm
Low - Mid education level (0,06) ———
Wanting to change working hours (0,08) m———
Working at night (0,08) n———
Discrimination (#) (0,10) T——
Single parent (0,13) me—
Age [30-39] (0,14) —
Restructuring of workplace (0,14) ——
Harassment (#) (0,16) TE——
No or low education level (0,16) m——
Female (0,17) ——
Working overtime (0,19)
Age [40-49] (0,22) T—————
Age [60+] (0,23)

Age [50,59] (0,29) I

(0,35)(0,30)(0,25)(0,20) (0,15) (0,10)(0,05) - 0,05 0,10
Estimate

Figure 5: Fixed effects on wellbeing

4.2 RANDOM EFFECTS

The random intercepts for wellbeing per country showed relevant differences between countries,
with a range from -0.268 to 0.255 . The estimates were nicely normally distributed, with a mean of
zero and a standard deviation of 0.13 (Figure 6). On average, and for the same reference level of the
random effects, the level of self-reported wellbeing among employed people was highest in the
Czech Republic. Austria and the Netherlands also performed well. We found lower levels of wellbeing
among the employed population in France, Albania and Serbia. It is difficult to see clear geographical
patterns in these random intercepts. The idea that Northern Europe outperforms Southern Europe
certainly does not hold. Additionally, there is no clear divide between Eastern and Western European
countries.
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= 0,04 FYROM
mmm 0,03 Bulgaria
m 0,01 Latvia
1 0,01 Malta
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(0,04) mmm Lithuania
(0,05) — Belgium
(0,05) = Norway
(0,06) n—— Montenegro
(0,07) n—— Estonia

(0,10) T— Cyprus

(0,10) ——— Sweden
(0,11) N Finland
(0,12) n———— Denmark
(0,13) EE— Luxembourg
(0,13) T Romania
(0,14) nE————— Turkey
(0,17) Serbia
(0,23) Albania
(0,27) France
(0,30) (0,20) (0,10) - 0,10 0,20 0,30

Figure 6: Random intercept for wellbeing by country

The random slopes for WCH per country indicated the estimated difference in the impact of one
extra hour of commuting per week on wellbeing. Again, the differences between countries were
relevant, and they resulted in an improved model fit, although the standard deviation was small
(0.005). We identified a relatively big impact of an extra hour of weekly commuting time on
wellbeing in Poland, Turkey, Switzerland, and France. It was nearly twice the overall average

of -0.014. Conversely, in Hungary, Romania, and Germany, hardly any impact on wellbeing was
found, with estimates ranging from -0.0028 to -0.0041, all close to zero. Nevertheless, all
combinations of the random slopes and the fixed effect were negative.
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Figure 7: Impact of one extra hour of commuting time per week on wellbeing (= fixed effect plus
random slope)
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5 DISCUSSION AND CONCLUSIONS

In recent publications a negative relationship between commuting and wellbeing has been
established, although some studies have reported positive effects. Since the scope of these studies is
sometimes limited, we tested this assumed relationship on the basis of a dataset of 35 European
countries (the EWCS) by means of a multilevel linear regression model. We constructed a rich index
for wellbeing consisting of three main indicators and 13 underlying variables on physical condition,
fatigue, and mental condition. In addition, we controlled for many other possible reasons for a
reduced or increased level of wellbeing in our model. Moreover, by adding country of residence in an
extra layer, we corrected for known differences in wellbeing between European countries. As a key
explanatory variable, we introduced weekly commuting hours (WCH), which accounts for
telecommuting, working overtime, and part-time jobs, and is preferable to commonly used travel
time or distance of a single commute trip. We allowed the effect of WCH on wellbeing to vary
between countries.

The results of the regression model were satisfactory. We found a significant negative effect of WCH
on wellbeing. This effect is also consistent over the three underlying indicators (Appendix 3). These
results are in line with most previous findings. The size of the effect per additional hour of
commuting was modest, not to say small, compared to many other effects established in the model.
The small effect we found is consistent with the contrasting effects of travel time on wellbeing found
in several former studies. The strongest negative effects of WCH were found in Poland, Turkey, and
Switzerland. The effect of WCH was close to zero in Germany, Romania, and Hungary. This suggests
that in the latter countries, time spent on commuting hardly affects wellbeing, according to our
study. We identified major differences in the general level of wellbeing between countries. These
differences were established in the aggregated overall average level of wellbeing and the random
intercepts provided by the regression model. The question remains whether these differences are
indeed directly related to wellbeing or if they actually reflect cultural differences in answering a
guestionnaire, as the interviewees in some countries might perhaps be more eager to complain than
others. At any rate, the effects of age, gender, level of education, and irregular working hours on
wellbeing seem to be more important than the effect of commuting. More importantly, being
confronted with discrimination or harassment in the workplace has a clear and striking negative
effect on wellbeing. When talking about working conditions and wellbeing, commuting issues are not
the first priority. Nevertheless, on the basis of these results and other sustainable development
goals, we propose to implement a deterrence policy to prevent travel times from increasing further.
The findings call for a discussion on the current mobility and recruitment policies of companies and
the related transport policy of the governmental authorities involved.

With respect to research on commuting and wellbeing, we recommend additional efforts in four
areas. Firstly, in our research we were able to control for many variables that affect wellbeing. Many
of the variables used proved their added value. However, since the dataset we used is strongly
oriented towards the workplace, it mainly contains aspects related to working conditions. An
extension with aspects related to living conditions and social network is desirable.. Secondly, in
contrast to excessively long travel times, extremely short travel times may also be conceivable. When
home and the workplace become synonyms, like during the COVID-19 lockdowns all over the world,
it can become more difficult to mentally distance oneself from work. If the phenomenon of ‘minimal
needed’ travel times exists, this is not captured by our model, as we excluded people who only work
at home from our dataset. Thirdly, this study is limited to the estimated travel times for commuting
to and from work. Additional information about distances, departure times, transfers, modes of
transport, and information concerning activities during the commute can sharpen the research.
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Fourthly, longitudinal data is strongly preferred over cross-sectional data when it comes to causality.
Longitudinal data also has a lower risk of biased estimates. Hence, it would be wonderful to have an
international longitudinal survey covering both commuting and wellbeing. The challenge is that all
these suggestions require additional databases.

Considering mobility research in general, we return to the thoughts on the impacts of travel on social
wellbeing given by Mokhtarian (2019, p. 507-508): “that one reason we have neglected to report
effect sizes in the past is that they are so often disappointing small . . . several other factors, such as
health and social relationships, could be expected to have larger impacts on wellbeing”. The present
research has confirmed that the effect of commuting on wellbeing is small and that several other
factors have a larger impact. This conclusion puts many recent studies into perspective: where one
searches for the influence of modal choice on wellbeing, one will eventually measure very small
differences from a small impact. Other research questions remain, such as what about other travel
trips than commuting, what about the indirect role of travel in relation to the more important factors
(De Vos et al., 2013), and which characteristics of travel have an impact (Mokhtarian, 2019).

Although much research awaits, we want to present some ideas on the current mobility and
recruitment policies of companies and the related transport policy of authorities. Due to the small
effect of commuting on wellbeing, people will not easily change their behaviour. To change
behaviour, pricing policy would be a good measure. However, in many companies we see the
opposite: reimbursing part of or all of the commuting costs reduces the incentive for the employee
to live closer to work. On the contrary, such practices support the wishes of many Europeans to live
on the outskirts and thus subsidise the urban sprawl. Moreover, compensating for commuting is
often supported and even stimulated by, often fiscal, government policies. The results of this
research argue in favour of a deterrence policy with regard to long commuting times. This could be
done by reducing the compensation culture while maintaining or developing arrangements for
relocation allowances. This way not only will the 'super commuters' be protected against themselves,
but economic and ecological objectives can be achieved as well. Shorter travel distances mean less
infrastructure and fewer traffic jams, fewer accidents, and less pollution, thus improving the overall
sustainability of the transport system.

19



REFERENCES

Adler, A., & Seligman, M. E. P. (2016). Using wellbeing for public policy: Theory, measurement, and
recommendations. International Journal of Wellbeing, 6(1), 1-35.
https://doi.org/10.5502/ijw.v6i1.429

Alonso, W. (1964). Location and land use. Toward a general theory of land rent. Journal of Marketing
Research, Vol. 22, pp. 54-65). https://doi.org/10.1126/science.11.277.620

Amponsah-Tawiah, K., Annor, F., & Arthur, B. G. (2016). Linking commuting stress to job satisfaction
and turnover intention: The mediating role of burnout. Journal of Workplace Behavioral
Health, 31(2), 104-123. https://doi.org/10.1080/15555240.2016.1159518

Baum, A., Singer, J. E., & Valins, S. (1978). Advances in Environmental Psychology: Volume 1. The
Urban Environment (US).

Chatterjee, K., Chng, S., Clark, B., Davis, A., De Vos, J., Ettema, D., ... Reardon, L. (2019). Commuting
and wellbeing: a critical overview of the literature with implications for policy and future
research. Transport Reviews, 1-30. https://doi.org/10.1080/01441647.2019.1649317

Christian, T. J. (2012). Trade-offs between commuting time and health-related activities. Journal of
Urban Health, 89(5), 746—757. https://doi.org/10.1007/s11524-012-9678-6

Clark, B., Chatterjee, K., Martin, A., & Davis, A. (2019). How commuting affects subjective
wellbeing. Transportation, 1-29. doi: 10.1007/s11116-019-09983-9

Clark, W. A. V., Huang, Y., & Withers, S. (2003). Does commuting distance matter? Commuting
tolerance and residential change. Regional Science and Urban Economics, 33(2), 199-221.
https://doi.org/10.1016/50166-0462(02)00012-1

Costal, G., Pickup, L., & Di Martino, V. (1988). Commuting - a further stress factor for working people:
evidence from the European Community - |. A review. International Archives of Occupational
and Environmental Health, 60(5), 371-376. https://doi.org/10.1007/BF00405673

Crawley, A. (2014). The relationship between commuting time and workers’ utility. Applied
Economics Letters, 21(18), 1273-1276. https://doi.org/10.1080/13504851.2014.922663

De Vos, J., Schwanen, T., Van Acker, V., & Witlox, F. (2013). Travel and Subjective Well-Being: A Focus
on Findings, Methods and Future Research Needs. Transport Reviews, 33(4),

Denstadli, J. M., Julsrud, T. E., & Christiansen, P. (2017). Urban commuting — A threat to the work-
family balance? Journal of Transport Geography, 61, 87-94.
https://doi.org/10.1016/j.jtrange0.2017.04.011

Diener, E., Napa Scollon, C., & Lucas, R. E. (2003). The evolving concept of subjective well-being: the
multifaceted nature of happiness. Advances in Cell Aging and Gerontology, 15, 2003, 187-
219. https://doi.org/10.1016/51566-3124(03)15007-9

Easterlin, R. A. (2001). Income and happiness: Towards a unified theory. Economic Journal, 111(473),
465-484. https://doi.org/10.1111/1468-0297.00646

20



Eriksson, L., Friman, M., & Garling, T. (2013). Perceived attributes of bus and car mediating
satisfaction with the work commute. Transportation Research Part A: Policy and Practice, 47,
87-96. https://doi.org/10.1016/j.tra.2012.10.028

Ettema, D., Friman, M., Garling, T., Olsson, L. E., & Fujii, S. (2012). How in-vehicle activities affect
work commuters’ satisfaction with public transport. Journal of Transport Geography, 24,
215-222. https://doi.org/10.1016/j.jtrangeo.2012.02.007

Ettema, D., Garling, T., Eriksson, L., Friman, M., Olsson, L. E., & Fujii, S. (2011). Satisfaction with travel
and subjective well-being: Development and test of a measurement tool. Transportation
Research Part F: Traffic Psychology and Behaviour, 14(3), 167-175.
https://doi.org/10.1016/j.trf.2010.11.002

Ettema, D., Garling, T., Olsson, L. E., & Friman, M. (2010). Out-of-home activities, daily travel, and
subjective well-being. Transportation Research Part A: Policy and Practice, 44(9), 723-732.
https://doi.org/10.1016/j.tra.2010.07.005

EWCS, 2015. Methodology / Eurofound, European foundation for the improvement of living and
working conditions. http://www.eurofound.europa.eu/surveys/european-working-
conditions-surveys/sixth-european-working-conditions-survey-2015/ewcs-2015-
methodology (accessed 26 July 2017)

Frey, B. S., & Stutzer, A. (1999). Measuring preferences by subjective well-being. Journal of
Institutional and Theoretical Economics, 155(4), 755-778.

Gimenez-Nadal, J. |., & Molina, J. A. (2016). Commuting time and household responsibilities:
Evidence using propensity score matching. Journal of Regional Science, 56(2), 332—359.
https://doi.org/10.1111/jors.12243

Gottholmseder, G., Nowotny, K., Pruckner, G. J., & Theurl, E. (2009). Stress perception and
commuting. Health Economics, 18(5), 559-576. https://doi.org/10.1002/hec.1389

Hammig, O., Gutzwiller, F., & Bauer, G. (2009). Work-life conflict and associations with work- and
nonwork-related factors and with physical and mental health outcomes: A nationally
representative cross-sectional study in Switzerland. BMC Public Health, 9.
https://doi.org/10.1186/1471-2458-9-435

Hansson, E., Mattisson, K., Bjork, J., Stergren, P. O., & Jakobsson, K. (2011). Relationship between
commuting and health outcomes in a cross-sectional population survey in southern Sweden.
BMC Public Health, 11. https://doi.org/10.1186/1471-2458-11-834

Harrington, D. (2009). Confirmatory factor analysis. Oxford: University Press.

He, M., & Zhao, S. (2017). Determinants of long-duration commuting and long-duration commuters’
perceptions and attitudes toward commuting time: Evidence from Kunming, China. IATSS
Research, 41(1), 22-29. https://doi.org/10.1016/j.iatssr.2016.08.001

Hox, J. J. (2010). Multilevel analysis: techniques and applications. New York: Routledge.

Humphreys, D. K., Goodman, A., & Ogilvie, D. (2013). Associations between active commuting and
physical and mental wellbeing. Preventive Medicine, 57(2), 135-139.
https://doi.org/10.1016/j.ypmed.2013.04.008

21


http://www.eurofound.europa.eu/surveys/european-working-conditions-surveys/sixth-european-working-conditions-survey-2015/ewcs-2015-methodology
http://www.eurofound.europa.eu/surveys/european-working-conditions-surveys/sixth-european-working-conditions-survey-2015/ewcs-2015-methodology
http://www.eurofound.europa.eu/surveys/european-working-conditions-surveys/sixth-european-working-conditions-survey-2015/ewcs-2015-methodology

Kahneman, D., Krueger, A. B., Schkade, D. A., Schwarz, N., & Stone, A. A. (2004). A survey method for
characterizing daily life experience: The day reconstruction method. Science, 306(5702),
1776-1780. https://doi.org/10.1126/science.1103572

Karlstrom, A., & Isacsson, G. (2009). Is sick absence related to commuting travel time? Swedish
Evidence Based on the Generalized Propensity Score Estimator.
http://swopec.hhs.se/vtiwps/abs/vtiwps2010_003.htm (accessed on 28 July 2017)

Kim, C. (2008). Commuting time stability: A test of a co-location hypothesis. Transportation Research
Part A: Policy and Practice, 42(3), 524-544. https://doi.org/10.1016/j.tra.2008.01.001

Lee, B. S., & McDonald, J. F. (2003). Determinants of commuting time and distance for Seoul
residents: The impact of family status on the commuting of women. Urban Studies, 40(7),
1283-1302. https://doi.org/10.1080/0042098032000084604

Levinson, D. M. (1998). Accessibility and the journey to work. Journal of Transport Geography, 6(1),
11-21. https://doi.org/10.1016/s0966-6923(97)00036-7

Loscocco, K. A., & Spitze, G. (1990). Working conditions, social support, and the well-being of female
and male factory workers. Journal of Health and Social Behavior, 31(4), 313-327.
https://doi.org/10.2307/2136816

Lyons, G., & Chatterjee, K. (2008). A human perspective on the daily commute: Costs, benefits and
trade-offs. Transport Reviews, 28(2), 181-198. https://doi.org/10.1080/01441640701559484

Mattisson, K., Hakansson, C., & Jakobsson, K. (2015). Relationships Between Commuting and Social
Capital Among Men and Women in Southern Sweden. Environment and Behavior, 47(7),
734-753. https://doi.org/10.1177/0013916514529969

Maxwell, S. E., & Cole, D. A. (2007). Bias in cross-sectional analyses of longitudinal
mediation. Psychological methods, 12(1), 23.

Mokhtarian, P. L., & Salomon, I. (2001). How derived is the demand for travel? Some conceptual and
measurement considerations. Transportation Research Part A: Policy and Practice, 35(8),
695-719. https://doi.org/10.1016/50965-8564(00)00013-6

Mokhtarian, P. L. (2019). Subjective well-being and travel: retrospect and prospect. Transportation,
46(2), 493-513. https://doi.org/10.1007/s11116-018-9935-y

Muth, R. F. (1969). Cities and housing; the spatial pattern of urban residential land use. American
Journal of Agricultural Economics, Vol. 91, pp. 19-41. The University of Chicago Press.
https://doi.org/10.1111/j.1467-8276.2008.01187.x

Newman, B. J., Johnson, J., & Lown, P. L. (2014). The “Daily Grind”: Work, Commuting, and Their
Impact on Political Participation. American Politics Research, 42(1), 141-170.
https://doi.org/10.1177/1532673X13498265

Novaco, R. W., Stokols, D., & Milanesi, L. (1990). Objective and subjective dimensions of travel
impedance as determinants of commuting stress. American Journal of Community
Psychology, 18(2), 231-257. https://doi.org/10.1007/BF00931303

Oguz, S., Merad, S., & Snape, D. (2013). Measuring National Well-being - What matters most to
Personal Well-being ? UK Office for National Statistics, May, 1-59.

22



Olsson, L. E., Garling, T., Ettema, D., Friman, M., & Fujii, S. (2013). Happiness and Satisfaction with
Work Commute. Social Indicators Research, 111(1), 255-263.
https://doi.org/10.1007/s11205-012-0003-2

Pearl, J. (2020). The Book of why: The new science of cause and effect. New York: Basic books

Reardon, L., & Abdallah, S. (2013). Well-being and Transport: Taking Stock and Looking Forward.
Transport Reviews, 33(6), 634—657. https://doi.org/10.1080/01441647.2013.837117

Roberts, J., Hodgson, R., & Dolan, P. (2011). “It’s driving her mad”: Gender differences in the effects
of commuting on psychological health. Journal of Health Economics, 30(5), 1064—-1076.
https://doi.org/10.1016/j.jhealeco.2011.07.006

Sandow, E. (2014). Til Work Do Us Part: The Social Fallacy of Long-distance Commuting. Urban
Studies, 51(3), 526—543. https://doi.org/10.1177/0042098013498280

Schueller, S. M., & Seligman, M. E. P. (2010). Pursuit of pleasure, engagement, and meaning:
Relationships to subjective and objective measures of well-being. Journal of Positive
Psychology, 5(4), 253-263. https://doi.org/10.1080/17439761003794130

Smith, T.S. J., & Reid, L. (2018). Which ‘being’ in wellbeing? Ontology, wellness and the geographies
of happiness. Progress in Human Geography, 42(6), 807—-829.
https://doi.org/10.1177/0309132517717100

So, K. S., Orazem, P. F., & Otto, D. M. (2001). The effects of housing prices, wages, and commuting
time on joint residential and job location choices. American Journal of Agricultural
Economics, 83(4), 1036—1048. https://doi.org/10.1111/0002-9092.00228

Song, Y. (2017). A cross-state comparison of measures of subjective wellbeing. International Journal
of Wellbeing, 7(1), 65-83. https://doi.org/10.5502/ijw.v7i1.561

Stutzer, A., & Frey, B. S. (2008). Stress that doesn’t pay: The commuting paradox. Scandinavian
Journal of Economics, 110(2), 339-366. https://doi.org/10.1111/j.1467-9442.2008.00542.x

Swardh, J. E., & Algers, S. (2016). Willingness to accept commuting time within the household: stated
preference evidence. Transportation, 43(2), 219-241. https://doi.org/10.1007/s11116-014-
9573-y

Van Ommeren, J. N., & Gutiérrez-i-Puigarnau, E. (2011). Are workers with a long commute less
productive? An empirical analysis of absenteeism. Regional Science and Urban Economics,
41(1), 1-8. https://doi.org/10.1016/j.regsciurbeco.2010.07.005

Van Ommeren, J., & Rietveld, P. (2005). The commuting time paradox. Journal of Urban Economics,
58(3), 437-454. https://doi.org/10.1016/].jue.2005.06.001

Walsleben, J. A,, Norman, R. G., Novak, R. D., O’'Malley, E. B., Rapoport, D. M., & Strohl, K. P. (1999).
Sleep habits of long island rail road commuters. Sleep, 22(6), 728-734.
https://doi.org/10.1093/sleep/22.6.728

Wener, R. E., Evans, G. W., Phillips, D., & Nadler, N. (2003). Running for the 7:45: The effects of public
transit improvements on commuter stress. Transportation, 30(2), 203-220.
https://doi.org/10.1023/A:1022516221808

White, M. P., & Dolan, P. (2009). Accounting for the richness of daily activities. Psychological Science,
20(8), 1000-1008. https://doi.org/10.1111/j.1467-9280.2009.02392.x

23



Wunsch, G., Russo, F., & Mouchart, M. (2010). Do We Necessarily Need Longitudinal Data to Infer
Causal Relations? Bulletin of Sociological Methodology/Bulletin de Méthodologie
Sociologique, 106(1), 5-18. https://doi.org/10.1177/0759106309360114

Yang, L., Panter, J., Griffin, S. J., & Ogilvie, D. (2012). Associations between active commuting and
physical activity in working adults: Cross-sectional results from the Commuting and Health in
Cambridge study. Preventive Medicine, 55(5), 453—457.
https://doi.org/10.1016/j.ypmed.2012.08.019

Zijlstra, T., Hamersma, M., & Knoope, M. (2018). Kriebels tussen woning en werk: wat verklaart het
verschil in reistijd? [Jitters between home and work: what explains the difference in travel
time?] Paper submitted for the Colloquium Vervoersplanologisch Speurwerk, 22-23
November 2018, Amersfoort, The Netherlands

24


https://doi.org/10.1177/0759106309360114

Appendix 1: output from the confirmatory factor analysis

Physical condition est. (s.e.) Model fit statistics
Backache ?0507(())6)*** Optimisation method NLMINB
Muscular pain (upper) 0.622 Number of free 60
(0.006)*** parameters
Muscular pain (lower) 0.563 Number of observations | 29345
(0.006)*** Iterations 42
Headache 0.498 Estimator DWLS
(0.007)*** Model fit test statistic 4810.436
Tiredness 0.403 Degrees of freedom 60
(0.007)*** P-value (Chi-square) 0
Fatigue est. (s.e.) Minimum function test 818919.964
Difficulties falling asleep 0.479 statistic
(0.008)*** Degrees of freedom 78
Waking up repeatedly during | 0.475 P-value 0
nigh'f : (0.008)*** Comparative fit index 0.994
Waking up tired 0.528 .. Tucker-Lewis index 0.992
lliness: fatigue 530105%9) RMSEA (90% C1) 0.052 (0.051 -
(0.006)*** 0.053)
Feeling fresh 0.166 P-value RMSEA <= 0.05 0.005
(0.004)*** SRMR 0.042
Mental condition est. (s.e.)
Cheerful 0.652
(0.005)***
Relaxed 0.648
(0.005)***
Vigorous 0.668
(0.005)***
Feeling fresh 0.519
(0.004)***
Interesting 0.550
(0.004)***
Wellbeing index est. (s.e.)
Physical condition 0.861
(0.017)***
Fatigue 1315
(0.034)***
Mental condition 0.808
(0.014)***

The number for the degrees of freedom was found to be positive. The chi-square test’s p-value was
highly significant, partly due to the high number of observations. The comparative fit index (0.994)
and Tucker-Lewis index (0.992) were perfect, with the common rule of thumb prescribing a value of
0.950 or higher. Moreover, the root mean squared error of approximation (RMSEA = 0.052) and
standardised root mean square residual (SRMR = 0.042) were well below the common rule of
thumb’s maximum of 0.10.
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Appendix 2: model estimates from the main model

Variable Coef. (95%-ci)

WCH -0.014*** (-0.019; -0.009)
Female -0.175*** (-0.194; -0.155)
Age Group [30,40) -0.138*** (-0.165; -0.110)
Age Group [40,50) -0.219*** (-0.248; -0.190)
Age Group [50,60) -0.292*** (-0.324; -0.261)
Age Group [60+) -0.232*** (-0.278; -0.186)
Immigrant 0.080*** (0.048; 0.112)
Partner at home -0.039*** (-0.064; -0.015)
Kids at home 0.048*** (0.026; 0.070)
Single parent -0.128*** (-0.174; -0.081)
No and low education level -0.157*** (-0.208; -0.105)
Low to mid education level -0.063*** (-0.085; -0.041)
Higher education level 0.013 (-0.018; 0.045)
Rurban / Semi-urban -0.004 (-0.024; 0.016)
Rural 0.073*** (0.051; 0.095)
Restructuring of the workplace -0.139*** (-0.159; -0.118)
Working at night -0.084*** (-0.111; -0.057)
Working overtime -0.188*** (-0.213; -0.163)
Main breadwinner -0.015 (-0.035; 0.005)
Wanting to change working hours -0.084*** (-0.111; -0.057)
Second job -0.018 (-0.050; 0.015)
Flexible hours -0.012 (-0.033; 0.010)
Permanent contract 0.019 (-0.005; 0.043)
Years at current workplace 0.003*** (0.002; 0.004)
Business size (2-9 people) 0.047** (0.000; 0.093)
Business size (10-249 people) 0.002 (-0.043; 0.047)
Business size (250+ people) -0.027 (-0.073; 0.019)

Discrimination (number of issues) -0.097*** (-0.112; -0.082)
Harassment (number of issues) -0.155*** (-0.165; -0.146)

Net wage per month 0.000 (-0.010; 0.010)
Change in wage level (+ or -) 0.019** (0.003; 0.034)
Constant 0.430*** (0.355; 0.505)
Observations 29345

Log-likelihood -44365

AIC 88803

BIC 89101

Note: levels of significance *** p<0.001 ** p<0.01 * p<0.05
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Appendix 3: Output from three multilevel models based on one of the indicators

Physical condition

Fatigue

Mental condition

Variable Coef. (95%-ci) Coef. (95%-ci) Coef. (95%-ci)

WCH -.021%** (-.029; -.014) -.018*** (-.025;-.011) -.022*** (-.033;-.011)
Female -.188*** (-,214;-.163) -.319*** (-.355;-.284) -.171%** (-.201;-.141)
Age Group [30,40) -.164%** (-199; -.128) -.225%** (-.276; -.174) -.164*** (-.208; -.121)
Age Group [40,50) -.298*** (-,335; -.260) -.333*** (-.386;-.279) -.260*** (-.306; -.215)
Age Group [50,60) -432%** (- 473; -.391) -.469%** (-.527;-.411) -.270*** (-.319;-.221)
Age Group [60+) -.356*** (-,416; -.297) -.381*** (-.465;-.297) -.184%** (-.256;-.112)

Immigrant

Partner at home

Kids at home

Single parent

No and low education level
Low to mid education level
Higher education level

Rurban / Semi-urban

Rural

Restructuring of the workplace
Working at night

Working overtime

Main breadwinner

Wanting to change working hours
Second job

Flexible hours

Permanent contract

Years at current workplace
Business size (2-9 people)
Business size (10-249 people)
Business size (250+ people)
Discrimination (number of issues)
Harassment (number of issues)
Net wage per month

Change in wage level (+ or -)
Constant

.017 (-.024; .058)
-.042%** (-.074; -.010)
.024* (-.004; .052)
-127%** (-.187; -.067)
-.321%** (-,388; -.254)
-186%** (-.214; -.157)
.057*** (.016; .097)
-.002 (-.028; .024)
.068*** (.040; .097)
-152%%* (-179; -.125)
-.036** (-.071; -.000)
-246%** (-278; -.213)
.030** (.004; .056)
-126%** (-.161; -.091)
-.034 (-.077; .008)
.013 (-.015; .040)
.053%%* (.022; .084)
.001 (-.000; .003)
.081%** (.021; .141)
.028 (-.030; .086)

.039 (-.021; .099)
-.095%** (-114; -.076)
-.190%*** (-.202; -.177)
-.019*** (-.031; -.006)
-.007 (-.027; .013)
570%** (.463; .678)

173%%* (.115; .232)
-.046** (-.091; -.001)
.081%** (.041; .121)
-176%** (-.261; -.091)
-232%%* (-,328; -.137)
-.031 (-.071; .008)
.009 (-.048; .067)
-.025 (-.062; .012)
.129%** (.088; .170)
-261%** (-.299; -.223)
-195%** (-.245; -.144)
-319%** (-.365; -.273)
-.032* (-.069; .005)
-134%%* (-,184; -.085)
-.036 (-.096; .024)
-.019 (-.059; .020)
.025 (-.019; .069)
.006*** (.004; .008)
.009 (-.076; .095)
-.045 (-.128; .037)
-116%** (-.201; -.031)
-171%%* (-.198; -.144)
- 247%%* (-,265; -.229)
.007 (-.011; .025)
.030** (.002; .058)
715%** (.576; .854)

.107*** (.057; .157)
-.081*** (-.120; -.043)
.088*** (.054; .122)
-.230%** (-.303; -.158)
-.080* (-.161; .002)
-.073*** (-107; -.039)
-.008 (-.057; .041)
.023 (-.009; .054)
.091*** (.056; .125)
-121%** (-.153; -.088)
-.074%** (-.117; -.031)
- 182%%* (-.221; -.142)
-.056*** (-.088; -.025)
-.075%** (-117; -.033)
.006 (-.046; .057)
-.041** (-.074; -.007)
-.002 (-.039; .035)
.007*** (.005; .008)
.136%** (.063; .209)
.056 (-.015; .126)

.012 (-.061; .084)
-114%** (-138; -.091)
-.187*** (-.203; -.172)
.007 (-.008; .022)
.054%** (.030; .077)
426%** (312; .541)

(_
(_
(_
(_

Observations
Log-likelihood
AIC

BIC

29345

-52016
104103
104402

29345
-62305
124682
12498

29345

-57622
115315
115614

Note: levels of significance *** p<0.001 ** p<0.01 * p<0.05
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