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Abstract

This research provides an exploration of the relationship between flexible work arrangements
(FWA), CO2 emissions, and household travel allocation among dual-earner couples. Using data
from the United Kingdom National Travel Survey for the period between 2002 and 2017, we
develop a path analysis approach based on SEM that allows for a comprehensive study of travel
behavior and trade-off effects. Results suggest that, although the partner who benefits from
FWASs tends to carry out domestic provision and maintenance activities, the allocation of tasks
within the household is still asymmetrical. Results also outline that the presence of children will
intensely affect the allocation of activities and household arrangements, increasing gender

inequalities.
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Introduction

Flexible work arrangements (FWAs) (Allen et al., 2013) or alternative work designs
(Brewer, 1998) such as teleworking, working from home, part-time working, or self-
employment have become a hot topic during the COVID-19 outbreak, accelerating the debate
about the way we work and its implications for commuting and travel. For example, home-
based work has become the “new normal” for millions of workers the world over during
lockdowns and scholars have promptly sought to assess not only the current shifts in people’s
daily activities (Hensher et al., 2021; Nguyen and Armoogum, 2021) but also the main impacts
of a potential extended remote-working routine in the post-COVID era (Jesus et al., 2020; Schur
et al., 2020; Nguyen, 2021).

FWASs are receiving attention in the field of transport for their capacity to transform
many aspects of commuting, such as the number of trips, distances traveled, modal share,
congestion at peak times, and pollutant emissions. The potential issues surrounding FWASs, in
the event of their marked development after the COVID-19 outbreak, are therefore very
significant. The energy and climate impacts of some forms of FWA such as teleworking were
investigated in the pre-crisis period and have since been the subject of many studies. Findings
demonstrate that the reduced distance travelled for commuting could positively impact in
energy consumption, traffic congestion and CO2 emissions (Shabanpour et al., 2018).
Nonetheless, many points of the capacity of FWAs to reduce commuting and CO2 emissions
remain disputed, as the more rigorous studies that include non-work trips or home energy use
find smaller savings or even an absence of reduction of GHG emissions (Cerqueira et al., 2020).
Hook et al. (2020) emphasize that despite the positive forecast on the climate impacts of FWA,
there are still numerous uncertainties about its actual benefits, as they could lead to
unpredictable increases in non-work travel.

Thus, although the relationship between FWA and the existence of rebound effects for
non-work trips has been analyzed in the academic literature for entire households (Cerqueira et
al., 2020), few studies have focused on the intra-household level. This issue must be considered
in the light of the role of flexible work in dual-income couples who are the main ones concerned
by these types of employment (Chung et al., 2020a). Studies show that FWAs are used in
particular by workers who want to better balance work and family life, with a high prevalence
of women. Household responsibilities and the travel that goes with them (such as children
escorting trips, for example) tend to weigh more heavily on the spouse with flexible work,

freeing up the other spouse and adjusting the couple’s non-work mobility and the associated



CO2 emissions. These arrangements could thus entail some intra-couple rebound effects, which
would counterpoint the commonly established notion that FWA would reduce traveling and
climate impacts. In the event of a surge in FWAs in a post-COVID period, it is important to
analyze intra couple travel trade-offs and their impacts on CO2 emissions.

Thus, this research focuses on the how FWAs will affect household travel allocation
among dual-income couples and consequently, its CO2 emissions. We argue that it is capital to
grasp the trade-offs that operate in couples with one member who benefits from FWAs and their
impacts on overall household CO2 emissions. Does FWA allows minimizing CO2 emissions at
the couple scale or does it rather increase them? The data used were obtained from the United
Kingdom National Travel Survey, which collects data from trip diaries for a seven-day
observation period, between 2002 and 2017. The case is made for focusing exclusively on non-
work trips, as previous investigations demonstrate that FWAs can entail substantial trade-offs
between work and non-work trips and that the latter account for a significant share of CO2
emissions (Ravalet and Rérat, 2019).

We use Structural Equation Modeling (SEM) implementing path analysis and notably
highlight the implications of FWAs for household travel patterns. The results show that,
although the partner who benefits from FWAs tends to carry out domestic provision and
maintenance activities, the allocation of tasks within the household still involves gender
inequalities. We also find that the presence of children, combined with FWAs, implies more

escorting and caregiving-related trips, particularly for women.

The article is structured as follows. First, the literature review section summarizes
previous findings on the effects of telework on intra-household arrangements and the influence
of those arrangements on travel patterns and activity choices. The data and methods section
presents the travel survey data and explains the SEM developed. The results are presented in
Section 4 and the final section summarizes the main findings and highlights lessons that can be

drawn for future studies.

2-Literature review

2.1-Flexible Work Arrangements



There is no established and widely used definition of FWAs in the literature. However,
the literature points to two main dimensions by which this flexibility can be characterized: the
temporal and spatial dimensions (Burkinshaw, 2018; Moen et al., 2016). For temporal
flexibility, multiple characteristics can be taken into account, such as the possibility of arriving
late or leaving early on certain occasions, of being able to change one’s schedule depending on
the day and/or week, or even of having control of the schedule (Schieman and Young, 2010).
Flexible working can also include control over the number of hours worked, as with part-time
jobs. Of course, all of these characteristics are understood to determine the actual level of work
flexibility in different degrees. Spatial flexibility means allowing work outside the usual place
of work (Schieman and Glavin, 2008). The definition of the usual place of work is open to
debate. In general, what is covered is telework at home or in any other third place within the
framework allowed by the employer and the legislation.

Despite more favorable legislation, particularly in the UK, the number of workers
adopting FWAs increased moderately in the pre-COVID-19 period, at least in the early 2010s
(Tipping et al., 2012). One reason is the prevalence of flexibility stigma, i.e., the perception that
workers who use FWAs for care purposes are less productive and less committed to the
workplace (Williams et al., 2013). Finally studies have also shown that as flexible working
becomes more widespread, it is less stigmatized (Moen et al., 2016) and the COVID-19 crisis
may have contributed to reducing the stigma of flexibility (Chung et al., 2020b).

2.2- FWAs, work-life balance and gender inequalities

In the transportation field, the effects on commuting have only been investigated for
some FWAs, in particular those related to spatial flexibility: teleworking and working from
home. The effects of temporal flexibility have not been studied directly, but may appear among
other determinants in studies on commuting and/or non-work trips. For example, the highly
developed part-time jobs for women in the Netherlands are associated with more shopping and
escorting trips (Schwanen et al., 2007). In addition, part-time jobs are associated with shorter
commuting distances, but these effects appear to be largely endogenous with those related to
gender (McQuaid and Chen, 2012). The effects of potentially flexible working hours for
escorting children in the morning can also be observed particularly for women (Motte-Baumvol
etal., 2017).



From the perspective of spatial flexibility, the development of ICT has enabled more
individuals to work from home either permanently or several times a week. Telework has
gained significant attention as a potential way of reducing travel demand and its negative
effects, such as congestion and CO2 emissions (Hook et al., 2020). Over the past two decades,
numerous investigations have analyzed the effects of home-based work from different
viewpoints, illustrating the profile of individuals who adopt these arrangements as well as
showing its environmental, social, and economic implications (Ory and Mokhtarian, 2006 ; Zhu
and Mason, 2014; De Abreu e Silva and Melo, 2018). While some of these studies highlight the
positive effects of telework, such as the reduction in the number of trips and kilometers traveled
(Choo et al., 2005; Helminen and Ristimaki, 2007) and the increase in free time for activity
allocation (Hilbrecht et al., 2008), findings also emphasize that working from home often entails
significant rebound effects, since time saved on commuting trips may be converted into
additional non-work trips or longer commutes (Zhu, 2012; He and Hu, 2015; Author et al.,
2020).

In terms of its contribution to the work-life balance, teleworking seems to be an
attractive arrangement for time-pressured working couples seeking to avoid often long daily
commutes to work. Home-based work may lead to a greater sense of control over time and
allocation of household responsibilities, increasing individuals’ satisfaction with their work—
life balance. Although flexible work could be a useful tool for promoting gender equality
(Chung and van der Lippe, 2018), a notable body of research demonstrates that the temporal
flexibility created by home-based work arrangements is used differently by male and female
teleworkers and it could potentially reinforce gender roles in the labor market and in domestic
tasks (Lott and Chung, 2016).

The literature is almost unequivocal in depicting that, when it is women who telework,
teleworking contributes to the reproduction of gender inequality by reinforcing their
responsibility for caregiving and the management of domestic tasks, especially when there are
children in the family (Stier et al., 2012; Chung and van der Lippe, 2018). Hilbrecht et al. (2008)
investigate the impacts of teleworking on the work-life balance among married women with
children in Canada, demonstrating that time saved on commuting trips is mostly reallocated to
childcare, domestic work, or work-related tasks, rather than to time for personal leisure.
Moreover, the “stay-at-home mother” role contributes to the close association of personal work

schedules with the rhythms of children’s activities, which include escort trips to school and



leisure activities. Thus, for some mothers, the combination of working from home and childcare
responsibilities may result in increased stress, as time spent during the day with their children
often involves the trade-off of their evening leisure time (Hilbrecht et al., 2013).

On the other hand, evidence suggests that although male teleworkers may sometimes
undertake a significant share of housework, they tend to maintain a greater degree of separation
between the work and family spheres. They often follow conventional industrial working time
patterns and also increase their working intensity when working from home (Sullivan and
Lewis, 2001; Chung and van der Lippe, 2018). Men also appeared to convert the time saved on
commuting into increased leisure opportunities more often than women (Hilbrecht et al., 2013).
When comparing teleworking impacts on family management in Poland and Sweden,
Kurowska (2020) shows that, in Poland, men are able to avoid the trap of the double burden of
paid and domestic work, while in Sweden the negative effects of home-based work on the

ability to balance work with non-work activities affects both men and women.

More recently, scholars have emphasized that dramatic changes in work arrangements
brought about by the COVID-19 pandemic contribute to a greater disproportion in the allocation
of household responsibilities between males and females (Nguyen and Armoogum, 2021). Most
of the negative effects of teleworking are reported among couples with children, particularly
among mothers with young children (Andrew et al., 2020 ; Seiz, 2021). Nonetheless, higher
rates of females compared with their male counterparts had a positive perception of telework
within the lockdown period and a desire to continue with this type of work arrangement post-
COVID-19 (Bachelet et al., 2021; Nguyen and Armoogum, 2021). This confirms previous
findings showing that women consider teleworking as beneficial for achieving a better work—
life balance (Hilbrecht et al., 2008).

It is also important to note that telework does not in itself transform the gendered
allocation of domestic tasks and caregiving (Sullivan and Lewis, 2001). Despite the overlap of
the family and work spheres, the association between telework and work—life balance seems to
be positively perceived in many cases (Maruyama et al., 2009). Increased time for leisure
activities is considered to be a valued outcome of telework, as well as an opportunity to take
advantage of non-peak periods at recreation facilities (Hilbrecht et al., 2013). As working from
home directly impacts time management and the allocation of tasks within the household, it

will also have significant consequences for travel behavior and choices.



2.3- Intra-household arrangements and travel-behavior

In transport research the individual has conventionally been regarded as the basic
decision-making agent. However, it is well known that individual daily activity and travel
patterns are often influenced by other household members and, in some cases, choices may
involve a group of people (Zhang et al., 2009). Thus, a growing avenue of research has
integrated intra-household interactions on modeling activity and travel-related decisions, as
evidence demonstrates that household resource allocation (such as car use) and task and time
allocation all involve close coordination among household members at different levels in order
to meet group needs under social, spatial, and resource constraints (Ho and Mulley, 2015). For
instance, a family member may opt to use public transport in order to free the family car;
household members may design joint travel arrangements to save time or reduce the number of
trips. Thus, choices of activity and travel patterns are closely associated with household and
individual characteristics such as the presence of children, car ownership, income, working

hours, and travel patterns.

A set of studies examines the way individual choices of activity and travel patterns are
substantially impacted by household decisions, particularly from a couple’s perspective.
Schwanen et al. (2007) demonstrate that, across a sample of over 700 couples in the
Netherlands, individuals’ participation in out-of-home activities is significantly influenced by
their partner’s travel behavior. Srinivasan and Bhat (2006) make the point that women who
undertake serve-child trips, such as escorting children to and from school, are less likely to
carry out discretionary activities. In these households, child escort responsibilities also decrease
the possibility of parents pursuing joint activities. In that sense, investigations also provide
evidence that men often have greater influence than their spouses on joint task allocation and

household travel decisions (Zhang et al., 2005; Zhang and Fujiwara, 2006).

The literature often distinguishes mandatory from non-mandatory activities (Vovsha et
al., 2004; Bradley and Vovsha, 2005; Srinivasan and Bhat, 2006). Despite being of an
individual nature, mandatory activities such as attending work, school, university, and escorting
children often orchestrate household travel decisions, entailing travel cooperation in the form
of pick-ups and drop-offs on the way (Vovsha et al., 2003). Similarly, although many of the

domestic provision and maintenance activities (such as grocery shopping, trips to the post
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office, etc.) are carried out individually, their allocation to a specific household member is an
active part of the joint decision-making process. Thus maintenance activities are “characterized
by a significant degree of intrahousehold coordination, substitution, and possibly sharing”
(Vovsha et al., 2004, p. 171). In that sense, decisions behind the allocation of maintenance
activities may not be completely assessed within a single one-day framework, which is why it
is ideal to work with longer data cycles to analyze non-mandatory and less regular activities
(Bradley and VVovsha, 2005).

Finally, Vovsha et al. (2004) investigate the allocation of domestic maintenance
activities among household members according to their employment status, demonstrating that
household travel patterns and activity choices are closely associated with personal
characteristics, time availability, and residential location. Srinivasan and Bhat (2006) find that
individuals who work from home for fewer than 4 hours a day are most likely to travel for non-
mandatory activities, suggesting that home-based telework could impact the allocation of
discretionary activity within the household. They also find that couples are less likely to
undertake non-mandatory activities jointly if one or both of them work outside the home.
Moreover, individual changes in travel behavior due to flexible working hours or earlier school
hours reportedly also directly affect the travel patterns of other household members (Ho and
Mulley, 2015). Therefore, we argue that the temporal flexibility resulting from telework

arrangements impacts not only individual travel patterns, but also household activity patterns.

3. Data and methods

3.1. Data

The data used were obtained from the United Kingdom National Travel Survey (NTS)
for the period between 2002 and 2017 in order to ensure a healthy sample size for FWAs, which
are relatively rare. The data used refer to the travel of English residents within Great Britain. In
the NTS, we selected heterosexual couples with two workers, allowing us to observe trade-offs
between spouses and gender differences. In total, 25,658 couples were included in our analysis,
44% of whom have children. In order to calculate GHG emissions, the NTS provides CO2

emission factors (derived from the Driver & Vehicle Licensing Agency data set). Where the



CO2 emission factor was missing, we applied the conversion factors from DECC & DEFRA!
(2020). We also assigned CO2 coefficients to public transport trips based on the type of
transport mode used (bus, light rail). No coefficients were assigned to cycling and walking.

Table 1. Description of the variables used in the model

No Child Child All
Women Work place Same place 79.2 76.3 77.9
(% in column) Two places 5.0 4.5 4.8
Different places 6.3 6.4 6.3
Home 4.6 5.9 52
Telework 5.0 6.8 5.8
Working status Employee 91.5 90.1 90.9
(% in column) Self-employed 8.5 9.9 9.1
Working time Full time 69.1 44 .4 58.2
(% in column) Part time 30.9 55.6 41.8
Individual income < £25,000 73.7 78.1 75.7
(% in column) £25,000 to £49,999 22.1 17.7 20.1
£50,000 and over 4.2 4.2 4.2
Weekly trips by ~ Work 4.2 3.4 3.8
purpose at Shopping 2.0 2.2 2.1
destination Personal & Leisure 2.8 2.8 2.8
(number) Escort 0.8 45 2.5
All (previous + other +
home) 18.1 22.8 20.2
Men Work place Same place 64.8 63.1 64.0
(% in column) Two places 7.1 8.3 7.6
Different places 16.2 17.6 16.8
Home 4.7 3.3 4.1
Telework 7.2 7.8 74
Working status Employee 81.9 83.1 82.4
(% in column) Self-employed 18.1 16.9 17.6
Working time Full time 92.6 96.4 94.3
(% in column) Part time 7.4 3.6 5.7
Individual income < £25,000 48.4 44.1 46.5
(% in column) £25,000 to £49,999 39.2 40.9 40.0
£50,000 and over 12.4 15.0 135
Weekly number ~ Work 4.7 4.8 4.7
of trips by Shopping 15 14 15
purpose at Personal & Leisure 25 2.3 2.4
destination Escort 1.0 2.3 1.6
(Number) All (previous + other +
home) 18.1 19.6 18.8
Household Residential Area  London Boroughs 11.6 10.3 11.0
Type Other urban 72.3 74.6 73.3
(% in column) Rural 16.1 15.1 15.7
Couple CO2 Work 26.4 23.6 25.2
emissions by Shopping 5.7 5.9 5.8
purpose at Personal & Leisure 135 16.3 14.8
Escort 3.6 10.9 6.9

1 Available from https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-

2020 (accessed 20 March 2021).



destination All (previous + other +
(Kilogram) home) 93.6 109.6 100.7

Number of households 14 298 11 359 25 658

Data: National Travel Survey 2002-2017

Four categories of workplaces used in the analysis are pre-defined in the NTS survey
on the basis of a main criterion which is the “usual” place of work (same place, two places,
different places and homeworkers). However, to further explore the issue of FWAs, we also
opted to create an additional “teleworkers” category. The referred category was created from
the variable “How often do you work from home?” We selected individuals who do not fall
into the “homeworkers” category and who declared they worked from home “three or more
times a week” or “once or twice a week”. Thus, the definition of teleworker adopted in this
work is relatively restrictive compared to the definitions that can be found in the literature and
includes only individuals with a usual place of work outside of home, i.e., whose teleworking
does not exceed three days a week. Nonetheless, it is important to note that few variables in the
National Travel Survey account for work flexibility.

To address the effects of FWAs on travel behavior, the number of available variables is
limited in the UK NTS. For spatial flexibility, we used the place of work variable with the
addition of a telework category for individuals declaring at least one day of telework per week.
Thus we have two categories assimilated to FWAs: work-at-home and telework. These
categories are more frequent for women with children (Table 1). Conversely, the different
places category is a type of workplace with strong constraints, both in terms of time and space,
since it involves, for example, a home care nurse making her rounds or an employee of a
cleaning company working in different places. This place of work appears less frequently for
women with children and to a lesser extent for men with children.

In order to address the temporal dimension of FWAs, only one variable relating to
working time—part-time or full-time—is used. Part-time jobs are much more frequent for
women with children, but not for men, on the contrary. The NTS data does not include any
other variable indicating the flexibility of workers’ schedules. Finally, we used the variable
distinguishing employees from self-employed on the assumption that the latter potentially have
greater spatial and temporal flexibility.

The travel indicators, i.e., the number of trips for a given reason, are calculated over a
whole week, corresponding to the UK TS observation period. Women and men with children
make more trips than their counterparts without children, with 4.7 and 1.5 more trips per week

respectively. This corresponds almost exclusively to an increase in escort travel. As a result,
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the CO2 emissions of couples with children are higher than those of couples without children
due to the greater number of escort trips. Non-work trips account for more than half of the
emissions of couples (excluding the return home) and 63% for couples with children.

3.2. Model Framework

Although many studies focusing on CO2 emissions analyze the effects of commuting
trips, in this paper we choose to focus exclusively on non-work trips, as we seek to understand
the trade-off effects that operate between dual-earner couples in terms of travel arrangements
and its potential impacts. As previous investigations have demonstrated, with the same dataset,
the relationship between FWA and the compensations between work and non-work trips
(Cerqueira et al., 2020), our goal is to explore this subject further at the intra-household level.
We argue that these trade-offs pertain exclusively to non-work-related travel, as couples would
tend to reallocate household responsibilities to the partner benefiting from FWA, potentially
generating additional trips and GHG emissions.

The model developed in this research aims to establish two points. First, certain
characteristics of spouses’ activity such as telework, working from home, and part-time work
are linked to an increase in non-work activities (in particular escort and shopping) for the spouse
concerned. Second, the increase in escort and shopping trips by one spouse, linked to his or her
activity, results in a trade-off with the other spouse, who then reduces his or her participation
in escorting and shopping.

To determine this, SEM allows us to test several hypotheses simultaneously by
analyzing independent variables one by one while controlling for the others as covariates and
also to evaluate mediation effects. The model (Figure 1) is structured in two stages:

- In the first stage, the model is built around six dependent variables that we seek to explain on
the basis of women’s employment characteristics, men’s employment characteristics, and
finally household characteristics. These variables correspond to the number of non-work trips
made by women and men for three types of motives: shopping, leisure/personal, and escorting.
At this stage, it is already possible to highlight cross-effects between the employment
characteristics of one spouse and the travel of the other spouse. These six variables are then used
as independent variables in the structural model to explain CO2 emissions.

- Inthe second stage of the model, in the structural model, the contribution of each travel motive
for women and men to the CO2 emissions (of non-work travel) of the couple is studied. The
choice of a CO2 indicator to represent the couple’s total non-work mobility has the advantage

of addressing the environmental issue of teleworking and working from home, which are
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intensively scrutinized. This second step makes it possible to measure the overall effect on
emissions of the different employment characteristics of one or other of the spouses. But also,

by considering the trade-offs between men and women we are able to measure CO2 emissions.

Figure 1. Conceptual Framework
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The exogenous variables are the same for all six regressions and consider the
characteristics of the household and both partners. Finally, the model is applied to a population
divided into two different groups, couples with children and those without. This distinction
corresponds to very different levels of escorting depending on whether there are children in the
household. Discrimination between the two groups provides very good general indicators of
model quality, while in a test conducted, the comparative fit index (CFI) of the model drops to
0.900 without discrimination between couples in terms of whether or not they have children.

4 Results

The model obtained is considered a good model with respect to the indicators generally
used (Golob, 2003). The root mean square error of approximation (RMSEA) is less than 0.05
and the standardized root mean square residual (SRMR) less than 0.02, which is judged
satisfactory. Moreover, the comparative fit index (CFI), which compares the proposed model
with an unrestricted base model, exhibits a value of 0.97 (a good model should have a value of

more than 0.90).
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4.1-Couples with children

4.1.1-The effects of women’s employment characteristics

For couples with children (Table 2), women’s FWAs, part-time work, work from home,
self-employment, or telework, have positive effects on non-work trips. There are also positive
effects of car access as the main driver of a vehicle. Conversely a low-earner and a high-earner
(compared to an average earner) are associated with a lower level of shopping and escorting.
In terms of cross-effects, there are negative effects of FWAs for women on their spouse’s non-
work trips. This is consistent with the trade-off hypothesis that FWAs are associated with
increased out-of-work travel for the spouse who benefits from them and restricted travel for the
other spouse. This trade-off effect is, however, limited in terms of the levels and reasons for
travel involved. It is observed for escorting in the case of working from home, and for shopping
and escorting in the case of part-time work. A trade-off is also observed for shopping and
escorting in the case of the woman being the main driver of a vehicle. For income, this trade-
off is only observed for escorting.

Concerning the CO2 emissions of the couple as a whole linked to non-work trips, we
observe that the FWAs for the woman lead to an increased level of emissions for the couple.
This means that the trade-off, when there is one, is not sufficient to balance the emissions
between women and men. Therefore, part-time work, working from home, self-employment,
and finally telework, in decreasing order of effect, lead to higher levels of emissions for the
couple’s non-work trips. The decomposition of the effects between men’s and women’s trips
shows that the positive effects for women are only very partially offset by negative effects for
men. The break-down by purpose shows that it is the increase in escorting that contributes most

to these higher levels of CO2 emissions, followed by leisure/personal and shopping trips.

4.1.2- The effects of men’s employment characteristics

For couples with children (Table 2), men’s FWAs have similar effects to those observed
for women. Part-time work, working from home, and telework have positive effects on their
non-work trips. However, it should be mentioned that these positive effects are not as
pronounced for escorting, reflecting the lower propensity of men to escort in general. Thus,

self-employment for men does not lead them to escort more as is the case for women, but on
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the contrary to escort less. For men, this activity status is therefore not a way of freeing up time
to escort children. Working in different places decreases men’s out-of-work travel.

As for the cross-effects of men’s job characteristics on women’s off-work travel, we
observe trade-off effects similar to those described for women’s job characteristics. Thus, men’s
part-time work and working from home are associated with a lower probability for women to
engage in escorting and shopping. Conversely, the lower propensity of men who are self-
employed or work in different places to make non-work trips does not lead to a trade-off with
their spouse. The same is true for men’s telework, which allows them more escorting and
leisure/personal trips, but does not result in fewer trips for these motives for their spouses.

In the end, FWAs for men lead to more CO2 emissions for the couple’s non-work
mobility. This is simply because men’s excess travel in these situations does not correspond to
an equivalent trade-off or no trade-off at all on the part of their spouse. This is similar to what
was observed for women. However, it should be noted that the effects of the characteristics of
telework, working from home, and part-time work are much lower than for the characteristics
of women. This corresponds to the fact that these employment situations for women are linked
to a greater investment in non-work activities, which is not equivalent for men in the same

situations.
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Table 2. Results of the model for the household with child

With Child Effects on individual # trips per motive Effects on household non work CO2 emissions
Indirect effects by motives Indirect effects by gender
Women Men (Women + Men) (All motives) All effects
Leisure/ Leisure/ Leisure/ Total CO2
Shopping  Personal Escort Shopping Personal Escort Shopping Personal Escort Women Men Non Work
Women W(:I(Splace Different places -0.017 . -0.008 *
érlzée)ame Home 0.037 *** 0.048 ***  0.057 *** -0.042 *** | 0.006 * 0.014 *** 0.018 * 0.049 *** -0.011 * 0.038 ***
Telework 0.016 . 0.026 ** -0.017 . 0.013 * 0.017 ** 0.015.
Working Self Employed
status (dummy) 0.035 ** 0.039 *** 0.008 * 0.020 ** 0.030 *** 0.028 **
Part Time Job
(dummy) 0.091 *** 0.097 ***  (.123 *** -0.020 * 0.038 *** -0.047 *** | 0.012 ***  0.030 ***  0.052 *** | 0.106 *** -0.011 * 0.095 ***
Car access Driver (dummy) | 0.136 *** 0.175 ***  (0.280 *** -0.041 ***  0.049 *** -0.090 *** | 0.017 *** 0.051 ***  0.125 *** | 0.218 *** -0.025 *** | 0.194 ***
Individual —¢55 509 1o
income (Tef: £ g gg9 -0.042 *xx -0.022 * 0.024 * 0.053 *** | -0.008 ** -0.018 ** 0,021 **=*
<£25,000)  I£50,000 and
over -0.061 *** -0.028 ** -0.036 *** 0.055 *** | -0.014 *** -0.028 ***  0.015 ***
Men W‘;T"Sp'ace Different places -0.068 *** -0.040 *** -0.044 *** |-0.008 *** -0.010 **  -0.016 * -0.029 *** | 0,034 ***
glz(;e)ame Home -0.016 . -0.028 ** 0.021*  0.043 ***  0.082 *** 0.006 . 0.011. |-0.020**  0.037 *** | 0.017 *
Telework 0.023 * 0.035 *** 0.007 * 0.012 . 0.016 *** | 0.017 *
Working Self Employed
status (dummy) -0.019 . -0.052 ***  -0.018 . -0.007 **  -0.008 *
Part Time Job
(dummy) -0.021 *  -0.028 **  -0.030 ** 0.050 ***  0.033 ** 0.090 **= 0.013 * -0.027 ***  0.041 *** | 0.015.
Car access Driver (dummy) | 0.022 * 0.033 **=* 0.111 *** 0.088 ***  0.143 *** | 0.016 *** 0.024 *** 0.050 *** | 0.015* 0.076 *** | 0.091 ***
Individual £25,000 to
income (ref:  |£49,999 0.026 * 0.031 ** 0.034 ** 0.006 ** 0.010 * 0.014 * 0.020 ** 0.010 * 0.030 ***
<£25,000) £50,000 and
over 0.037 ** 0.077 *** 0.037 ** 0.016 ***  0.039 *** | 0.053 *** 0.054 ***
Household |Residential
Area Type London -0.113 *** -0.071 *** -0.049 *** -0.074 *** -0.058 *** -0.047 *** | -0.027 *** -0.028 *** -0.042 *** | -0.062 *** -0.035 *** | -0.097 ***
(ref: other)  |Rural -0.020 * -0.021 * -0.008 *

Data: National Travel Survey 2002-2017, Tools: R with the Lavaan package

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1
All values of the estimates are standardized and allow comparisons between reasons, between women and men, and between couples with and without children.
The missing coefficients correspond to non-significant values, p < 0.1, and the categories/variables were removed from the final computation.
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Table 3. Results of the model for the household without child

Without Child Effects on individual # trips per motive Effects on household non work CO2 emissions
Indirect effects by motives Indirect effects by gender
Women Men (Women + Men) (All motives) All effects
Leisure/ Leisure/ Leisure/ Total CO2
Shopping  Personal Escort Shopping Personal Escort Shopping Personal Escort Women Men Non Work
Women Work place :
) Different places -0.018 *
glzfée?ame Home 0.041 *** 0,073 *** 0,030 ** -0.029 ** | 0.007*  0.021 *** 0.038 *** 0,008 . 0.030 ***
Telework 0.039 *** 0.013 ** 0.010 *
Working Self Employed
status (dummy)
Part Time Job
(dummy) 0.115 *** 0.079 ***  0.076 *** -0.017 . -0.031 ** 0.023 ***  0.022 ***  0.014 *** | 0.070 *** -0.011 ** 0.059 ***
Car access Driver (dummy) | 0.149 *** 0.197 ***  (.166 *** -0.035 ***  0.073 *** -0.205 *** | 0.027 *** (.072 *** 0.136 *** -0.042 *** | 0.094 ***
Individual
. ~ |£25,000 to
Z‘gg‘gog?f £49,999 -0.044 *xx -0.018 * 0.024 **  -0.032*** |-0.012*** 0009 *  -0.014 *** |.0.012 ** -0.017 *
' £50,000 and
over -0.037 *** -0.022 * -0.023 * -0.011 *** -0.013 ** |-0.016 *** -0.008 . -0.024 ***
Men Vr\i;-rksglﬁge Different places [-0.021 * -0.023*  -0.025 ** -0.046 ***  -0.044 *** -0.013 *** -0.018 *** -0.007 . -0.019 *** -0.019 *** | -0.037 ***
(ref: Home -0.019 * -0.022 * 0.062 ***  0.064 ***  0.043 *** [0.006 0.013 ** -0.014 ** 0.039 *** | 0.025 **
place) Telework -0.022 * -0.020 * 0.017 . -0.006 * 0011 *  0.007.
Working Self Employed
status (dummy) -0.042 *** -0.021 * -0.006 . -0.011 *
Part Time Job
(dummy) 0.043 *** 0.097 ***  0.107 ***  0.037 *** [0.018 *** 0.039 *** 0.008 * 0.011 * 0.054 *** | 0.065 ***
Car access Driver (dummy) | 0.042 *** 0.04 *** -0.084 *** 0.124 *** 0.106 *** 0.113 *** | 0.031 ***  0.038 *** 0.079 *** | 0.074 ***
Individual £25,000 to
income (ref:  |£49,999 0.038 **= 0.035 ***  0.047 *** 0.009 ** 0.022 *** 0.011 * 0.020 *** | 0.030 ***
<£25,000) £50,000 and
over 0.020 * 0.020 * 0.018. 0.010 * 0.013 ** 0.017 *
Household |Residential
Area Type London -0.080 *** -0.015 . -0.068 *** -0.088 *** -0.085 *** | -0.033 *** -0.043 *** | -0.042 *** -0.041 *** | -0.083 ***
(ref: other) Rural -0.020 * -0.032 *** -0.025 **  -0.043 *** -0.010 *  -0.021 *** |-0.018 *** -0.018 *** |-0.036 ***

Data: National Travel Survey 2002-2017, Tools: R with the Lavaan package

Signif. codes: 0 “***” 0.001 “**” 0.01 “*”0.05 “.” 0.1
All values of the estimates are standardized and allow comparisons between reasons, between women and men and between couples with and without children.
The missing coefficients correspond to non-significant values, p < 0.1, and the categories/variables were removed from the final computation.
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4.2-Couples without children

For couples without children (Table 3), the effects of women’s characteristics on women’s
and men’s travel are not very different from those observed for couples with children. Two types
of differences can be highlighted. First, we notice the weaker effects on escorting, which are much
less numerous for couples without children. Second, there is no significant effect of self-
employment. This activity status seems to allow women with children to be more flexible in terms
of mobility outside of work, in particular for support. This is therefore not the same for women
without children.

The same type of effect of women’s characteristics can be observed for the CO2 emissions
of the couple linked to non-work travel as for couples with children. That is, part-time jobs and
working from home lead to higher levels of emissions for non-work trips. The higher number of
women’s trips is only partially offset by the lower number of men’s trips. Also, there is no effect
of telework and self-employment, which are not used by women without children to increase their
non-work mobility, unlike women with children.

Regarding the effects of men’s characteristics on trips, there is first of all a relative
similarity in the mobility of men without children and men with children. Part-time jobs and
working from home allow for greater mobility out of work. However, this greater mobility only
concerns leisure/personal and shopping trips rather than escorting. Conversely, and similarly to
men with children, working in different places and being self-employed lead to a lower number of
out-of-work trips. As for the cross-spouse effects, these are more systematic for couples without
children. Thus, all types of men’s workplaces have effects on women’s shopping and escort trips.
In particular, the effect of men’s telework is significant here and leads to a reduction in women’s
shopping and escort trips. Conversely the effect of working in different places for men is linked to
a lower number of out-of-work trips by women. There is therefore no trade-off here and,
conversely, the lower off-work mobility of a man is accompanied by a lower off-work mobility of
his wife. This lack of trade-off can also be observed in the case of a man with a part-time job whose
spouse also makes more leisure/personal trips.

As a result, the effects of men’s characteristics on the couple’s CO2 emissions for non-

work trips are not very different between couples with and without children. However, these
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similar results are the outcome of slightly different trade-offs between men and women. In fact,
beyond the partial balancing effects, we can observe here the effects of a shift towards fewer trips
for couples in which the men work in different places and towards more trips for couples in which

the men have a part-time job.

5-Discussion

This study developed a SEM approach using individual and household level data from the
UK National Travel Survey (NTS) to shed light on the impacts of FWAs on travel behavior and
CO2 emissions. While the impacts of FWAs on individual activities have been widely discussed
in the academic literature, their effects on household joint decisions and overall travel behavior,
such as potential trade-offs, have come in for little debate to date. Thus, with the increase in FWAs
over the past decades, it is important to capture their impacts on travel arrangements not only at
an individual level but also at household level.

The case is made for focusing exclusively on non-work trips, as previous investigations
demonstrate that FWAs can entail substantial trade-offs between work and non-work trips and that
the latter account for a significant share of CO2 emissions (Cerqueira et al., 2020). In fact, non-
work trips are often disregarded in travel-behavior studies and current urban travel policies because
most travel surveys use a one-day trip diary and so fail to capture the full scope of these trips.
Thus, the seven-day observation period provided in the United Kingdom NTS allows a better
understanding of the full-array of non-work trips, including potential trade-offs within the
household.

This study also contributes to the debates on the gendered allocation of activities within
dual-income households. The main findings demonstrate that although the partner who benefits
from FWAs tends to carry out domestic provision and maintenance activities, the allocation of
tasks within the household is still asymmetrical. Thus, flexible work arrangements result in a
greater allocation of domestic and maintenance activities to women than their male counterparts.
Conversely, men with alternative work patterns tend to convert their free-time into leisure and
personal trips, while still allocating a significant share of domestic-related trips to their partners.
These results echo previous investigations that demonstrate that telework does not in itself
transform the gendered allocation of domestic tasks and caregiving (Sullivan and Lewis, 2001).
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Results also outline that the presence of children will intensely affect the allocation of
activities and household arrangements, increasing gender inequalities. FWAS involve more
escorting and caregiving-related trips, particularly for women. Although men also tend to increase
the number of escorting trips when they benefit from alternative work patterns, the allocation of
chauffeuring trips is significantly higher for their female counterparts, which increases the overall
CO2 emissions for the household. These findings confirm results from previous investigations that
outline marked gender inequalities in the allocation of escorting tasks within households (Motte-
Baumvol et al., 2017).

The trade-off effects observed are significantly different for dual-income couples without
children. For women, FWAs have a less significant impact on non-work trips, particularly
escorting trips, when compared to women with children. On the other hand, travel patterns of men
without children tend to be similar to those of men with children, but escorting trips are less
significant, while the number of personal and shopping trips is higher with FWAs. Trade-off
effects between partners is significant for couples without children, as men with FWAs tend to

reduce their partner’s shopping and escorting trips.

6-Conclusion

While, over the past two decades, flexible work arrangements, such as teleworking, have
received attention in the field of transport for their capacity to transform many aspects of
commuting, the current COVID-19 outbreak has brought about dramatic changes in work
arrangements, intensifying the debate about the increase of alternative work patterns in the post-
crisis era. Thus, this paper presents an original exploration of the relationship between FWAs, CO2
emissions, and household travel allocation among dual-earner couples. We present a
comprehensive analysis that extends traditional investigations by observing the impacts of
alternative working patterns not only on individuals but also on households.

The interpretation of the findings should consider some key limitations, particularly
regarding the database used. It is important to note that few variables in the National Travel Survey
account for work flexibility. Therefore, the investigation could have benefited from a more detailed
exploration if variables such as working hours were provided. Moreover, non-work trip purposes

are not specific enough, limiting the analysis, particularly in terms of trade-off effects for
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maintenance and domestic-related activities. For example, it is well known that personal and
domestic provision shopping will entail completely different travel patterns and, consequently,
household arrangements.

From a policy analysis perspective, the findings of this study imply that demand-
management solutions directly impacting one adult could also result in changes to their partner’s
travel behavior and the household arrangements as a whole. Thus, travel demand management
policies that influence individual work location and duration, such as telework, can also impact
non-work activity participation choices of their partner, resulting in changes to the overall travel
patterns of both adults in the household, and consequently, GHG emissions. The implications of
the empirical results described in this paper are noteworthy because current travel and
environmental policies often ignore non-work trips and potential trade-offs within household travel
patterns. Such omissions could potentially reduce the effectiveness of such policies. In the event
of an intense development of FWAs in a post-COVID period, this could lead to an increase in
overall CO2 emissions by workers. In view of the results reported here and the potential increase
in FWAs in the post COVID-19 era, the scope of travel-behavior analysis needs to be extended in

order to come up with more effective policymaking on sustainability and travel.
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