Journal of Transport Geography 86 (2020) 102777

Contents lists available at ScienceDirect

Journal of
Transport
Geography

Journal of Transport Geography

journal homepage: www.elsevier.com/locate/jtrangeo

Telework and daily travel: New evidence from Sweden R

Check for
updates

Erik Elldér

Human Geography, Department of Economy and Society, School of Economics Business and Law, University of Gothenburg, P.O. Box 625, SE-405 30 Goteborg, Sweden

ARTICLE INFO ABSTRACT

Keywords: Telework, long promoted as a way to reduce daily travel and address congestion problems, has been extensively
Telework studied in transport research. Empirical consensus has long held that telework reduces overall travel, but several
Telecommuting updated studies now suggest the opposite. Meanwhile, telework has steadily increased in many countries, and
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few studies have examined contexts where regular teleworkers have grown to form an early majority. We study
how telework influences daily travel in such a context, namely, Sweden from 2011 to 2016. Using representative
micro-data from the Swedish National Travel Survey, this study also captures travel behaviour during the de-
fined period when the telework was actually practiced, distinguishing different telework arrangements and
analysing a range of travel behavioral outcomes. We conclude that telework leads to reduced travel demand,
more use of active transport modes, and congestion relief. Important differences between full- and part-day
teleworkers are also highlighted, stressing the importance of understanding telework as a diversified coping
strategy for organizing the spatiotemporality of everyday life.

1. Introduction

Relationships between telework' — i.e., paid work performed at
home or at a location other than the regular workplace — and travel
demand have been extensively studied in transport research for decades
(Andreev et al., 2010; Moktharian, 1991). In particular, telework has
received considerable attention due to its potential to replace or modify
(e.g., avoiding rush-hour travel) daily commuting, resulting in fewer
and shorter trips and reduced stress on transport systems. Since the
1970s, many have put great hope in rising telework levels and predicted
major changes in daily activity patterns and spatial structure (e.g.,
Nilles, 1975; Toffler, 1980). The empirical research was also for a long
time more or less consistent, finding that telework replaces and there-
fore reduces travel in the short run (Andreev et al., 2010; Moktharian,
1991).2 Moktharian (1991) reviewed the early studies and concluded
that among those who telework, commuting is reduced, non-com-
muting trips do not increase, and proportionally fewer peak-period trips
are made. Twenty years later, Andreev et al. (2010) reviewed over 30
studies and concluded that all found substitution effects, for example,
that telework leads to fewer vehicle miles travelled (VMT) (e.g.,
Henderson and Mokhtarian, 1996) and fewer commuting trips (e.g.,
Hjorthol, 2002). However, despite these encouraging conclusions,
telework as a work practice did not appear to be the great success that
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! Or telecommuting — these concepts are used interchangeably in this paper.

early visionaries predicted. Only a small part of the workforce engaged
in telework, and its effects on total travel were estimated to be quite
small (Choo et al., 2005).

However, there are now several good reasons for rekindled interest.
Teleworking has increased in many contexts and the number of tele-
workers now amounts to a considerable proportion of the workforce in
many countries (Elldér, 2019; Ojala and Pyorid, 2018; Vilhelmson and
Thulin, 2016), and will most likely increase even more in the near fu-
ture when many employers around the world now lifts restrictions on
telework as a response to Covid-19. Considering the results of the early
studies, this development would mean that telework should now be
reconsidered as a potent policy instrument and an accessible route for
reducing the environmental impact of travel. However, many early
telework-travel studies suffered from being confined to specific de-
monstration projects or to workplaces where telework has traditionally
been widespread, often in the advanced services sector (Moktharian
et al., 1995). It can also be suspected that this ongoing and rapid dif-
fusion has brought about new spatiotemporal practices and impacts as
telework spread to new groups of workers and workplaces (Thulin
et al, 2019). Recently, several updated studies using data re-
presentative of larger populations provide a more nuanced and, to some
extent, more fragmented picture of the effects of telework on daily
travel than did early studies. Many of the updated empirical studies

21t should be mentioned that many studies also found rebound effects, though these did not exceed the overall decrease in travel; see Kim (2017) for an overview

on the rebound effects of telecommuting.
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suggest that the substitution effects are offset by rebound effects, i.e.,
the resulting work-related travel savings stimulate additional travel of
other types, and that telework actually promotes more travel (e.g., Kim,
2017; Zhu and Mason, 2014). Meanwhile, other innovative empirical
studies have been presented that refine the picture in other dimensions
critical for sustainability; for example, several studies suggest that tel-
eworking makes room for more non-motorized and active travel (e.g.,
Chakrabarti, 2018; Lachapelle et al., 2018) and emphasize the im-
portance of distinguishing different telework arrangements, such as
part- and full-day teleworking (Haddad et al., 2009; Lachapelle et al.,
2018). This testifies to telework being a diversified spatiotemporal
practice and coping strategy for organizing everyday life.

In summary, there is a great need for updated and more nuanced
studies from contexts where telework has increased since an early
adoption phase, becoming routine for substantial parts of the work-
force. One such context is the country of Sweden, where the share of
regularly teleworking workers increased from 10% in 2005 to over 20%
in 2012 and continues to grow, now representing an early majority of
the Swedish workforce (Elldér, 2019; Vilhelmson and Thulin, 2016).
Studies rarely use micro-data capturing the actual daily telework ar-
rangements and practices representative of an entire nation, simulta-
neously examining their effects on a wide range of travel activities. Due
to the rapid diffusion of telework, micro-data from the Swedish Na-
tional Travel Survey now allow this. Our overall aim is to investigate
how telework influences daily travel in Sweden, nuancing tele-
work-travel relationships in different dimensions critical for sustain-
able mobility. Three research questions operationalize this aim and
guide our study:

RQ1. Do teleworkers travel less on teleworking days?
RQ2. Do teleworkers travel more by active modes on teleworking days?

RQ3. Do teleworkers travel less in peak-hour traffic on teleworking
days?

This article is structured as follows. This introduction is followed by
a review of previous literature relevant to the aim of this study. The
third section presents the data, variable definitions, and statistical
techniques used. The results are presented in the fourth section and
discussed in the fifth section, and the conclusion is presented in the
sixth and final section.

2. Literature review

The focus here is on recent empirical studies of the relationships
between telework and travel.’ In our updated literature search, we
searched for empirical-statistical studies of the effect of telework
practices on revealed travel behaviour while controlling for relevant
background factors. We identified a total of 15 relevant studies. These
are presented in Table 1, which summarizes their data, contexts, tele-
work indicators, dependent variable(s)/travel operationalization, and
main results. Strikingly, a picture emerges differing greatly from the
apparently empirical consensus of a decade ago. Almost all updated
studies suggest complementarity effects on telework, i.e., that telework
generates additional travel. Several studies illustrate how teleworkers
report more total travel than those who do not telework (e.g., de Abreu
e Silva and Melo, 2018; He and Hu, 2015; Zhu, 2012), and many studies

3 See, for example, Moktharian (1991) and Andreev et al. (2010) for ex-
haustive reviews of earlier empirical telework-travel studies; for more in-depth
conceptual treatments of possible relationships, see Mokhtarian and Tal (2013)
and Mokhtarian (2013). Effects other than travel-behavioral effects, for ex-
ample, on stress, wellbeing, career opportunities, and workplace and residential
location choices, are beyond the scope of this paper, and the reader is referred
to, for example, Allen et al. (2015), Gajendran and Harrison (2007), and
Tavares (2017) for extensive summaries.
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examining effects on non-work travel also find positive relationships
with telework (e.g., Kim et al., 2015; Zhu and Mason, 2014). Some
studies even conclude that telework increases commuting duration (de
Vos et al., 2018) and length (Melo and de Abreu e Silva, 2017).

An important difference from the early studies is that most of the
updated studies use high-quality data representative of large popula-
tions, perhaps allowed by telework becoming generally more wide-
spread or by questions on telework practices being included in many
large-scale travel surveys. On first sight, this is welcome as it provides
opportunities to generalize results beyond specific demonstration pro-
jects and workplaces, though this does entail other risks. Notably, the
increasing use of general travel surveys seems to have led to telework
practices often being generally and crudely defined. Most studies use
what we here call general indicators of telework practices that convey
no information on whether or not a respondent actually teleworked
during the day or period of the travel survey. For example, many stu-
dies only include a simple indicator of whether or not a worker tele-
works frequently. In contrast, a direct measure would include specific
information on telework performance during the actual period of the
travel survey.

Only three studies, i.e., by Asgari and Jin (2018), Hu and He (2016),
and Lachapelle et al. (2018), include proper direct measures of telework
performance. Asgari and Jin (2018) only measured effects on commute
departure time. Hu and He (2016) considered a binary indicator of
teleworking on the travel survey day in only one model measuring total
daily household trip duration, finding a negative association. This
model is difficult to interpret, however, since general indicators of
frequent and infrequent telework are also included. Lachapelle et al.
(2018) were the only authors finding clear substitution effects, con-
cluding that all-day teleworking results in less travel time. Three other
studies used cruder proxies, i.e., ‘working at home’ (He and Hu, 2015)
or ‘not commuting to work’ (Chakrabarti, 2018; Kim, 2017), but it is not
known whether these capture actual telework in a traditional sense
(i.e., paid work performed at home instead of at the regular workplace).
Kim (2017) found that commuting is actually reduced by tele-
commuting but, when measuring travel impacts on a household level,
concluded that the increase in travel for other purposes and by other
household members is slightly greater. However, Kim (2017) only had
access to Euclidean distances (calculated from the centroids of travel
analysis zones on which trip origins and destinations are based) as a
proxy for actual travel.

All other studies use general indicators of telework performance
that do not capture whether the respondent actually teleworked during
the period when travelling was surveyed (usually a random day).
Admittedly, the use of general indicators can to some extent indirectly
capture average rebound effects and long-term effects. For example, if
some teleworkers seize the opportunity to move to car-dependent per-
ipheral locations, farther from everyday activities, with added everyday
travel as a long-term consequence, and/or if telecommuting results in
the acceptance of longer commutes in general, this will to some extent
be captured indirectly by the averages. It is very rare, however, to take
direct account of how long telework has been practiced and/or possible
locational changes of work and/or home," although a few studies
measure travel over a period longer than a random day (e.g., Melo and
de Abreu e Silva, 2017, used a week). The direct effects of telework on
travel therefore remain unclear, as it is very difficult to isolate effects
using a general indicator of telework. For example, it is known from
various studies that many teleworkers are often privileged, have more
mobility resources, live more active lives in families with toddlers, are
permanently employed full-time workers, etc. (Allen et al., 2015;
Elldér, 2019). Many studies control for selected similar background

# One exception is the study by de Vos et al. (2018) using panel data from the
Dutch Labour Supply Panel (2002-2014) to analyse how telecommuting in-
fluences usual commuting time.



Journal of Transport Geography 86 (2020) 102777

(98pd 1x2u UO panunuU0d)

‘2Inseaur
AIRUIPIO 10 SI[NS3I PaxIul {ISUS] INUIUIOD

M pajerdosse Afeanisod st 1ojedrpur Areurg
Anupjuawayduion

‘eae1 Yead Jo soniIqeqoid J9mO] [IIM PIIBI0SSe
a1e sjuswRueLIe SUNNUWIWO0I3[3) ISO [oARI)
9ATIDE JO UTW Og < JO POOYI[AYI IoY31Y pue Swn
[9ABI} SSI] [IIM PIIBID0SSE ST SUDIOM w0y Aep-[[V
uonpIYIpow /uonmnsqns

"19]e318 SI SIoqUIaUI P[OYasnoy

19130 £q pue sasodind I9Y310 J0J [9ABI) PISEIIDUI )
nq ‘unnuwuodard) £q padnpai ST [9ABI SUNNUINIOD)
Auvuswaiduio)

‘210U [9ART)

OS[e J9INWUWO03[3) AQ PaPeSY P[OYSNOY JO SIDqUISW
19130 ‘sasodind 1910 [[e 10 d10W ING SUNNWWOD
10J SS9 S[9ARI) PBIY P[OYISNOY unnuImoddd],
Anpuswayduion

‘[9ABI) P[OYDSNOY [€]0) PUB SIINUWIWOD JIFUOT YIIM
pajerdosse Ajoanisod st SunjIomard) juanbaij-ssoT
Anuswayduio)

*sd11) 9InwwIod uo aAneSau

SI 11 seataym ‘sd1n) A1RUOTIQIdSIP/2dURUIUTRW

pue ‘sdin go-doip pue dn-yo1d ‘sdin [e103 Jo Joqunu
9y} uo aanisod ST JunnuIods[a) jo 1pedwr Ay,
ALnuvuawayduto)

*SIONIOM-UOU PUE SIDNIOM IB[NSaI aIe ueyl

SOPOUI JATIDR BIA [9ARI} 0} ATONI] SIOWI SINIOMI[IL,
uonDIYIPON

‘sauIn IMuuIod hmwﬁm: IIM pajenosse
A1oanisod are sainseaw SUNNUIWIOdI[3) [[V
Auvuswaiduio)

‘sa[qeLIeA Juspuadap 1SOW YIIM pajerdosse Afaanisod
918 uNNWWOod9[a) [eUOISEII0 puk Juanbayy ylog
uonvafipouws/Lmjuswa)duio)

‘[9ABI} INOY-YSNI PIOAE SISINUILIOII[A] dWN-1Ied
UonDIYIPON

*SP[OYaSNOY JI2I0M-0M]

ur os Apuesyrusis Jou Ing ‘sp[oyasnoy ISyIom-a[3urs
ul [9ABI) PIOYasNOY AP[eaMm [e10) [IIM PIIBIDOSSe
APAnsod are sapuaNbaiy y10ma[a) swoy PYSIH
Anupuowayduion

*SP[OYaSNOY INIOM-0M]

ur sdi1} Jed Jo Joqunu pue [)A U0 duanfjur aanisod
puE ‘SPJOYIsNOY I9}I0M-2UO U S3[qelieA Juapuadap
11e uo aduanjjut aanisod sey Adusnbaiy y1oma[a L,
Lnuvuawayduio)

Sunnuod pjoyasnoy [eon
pue ‘xoured ‘fenprArpur jo uonemp pue yISus] APPIM

Aep ay) Sunmp swn
armuredap din paziiojow pue ‘IO IO UTUI OF PI[IAdIq
J0 payTem uosiod B I9UIYM ‘DU [9ART) [[BISAQ

sasodind JUIAYIP 10§ IMA PUB IMd

sasodnd juaialIp 10J IMA Pue IMd

sasodind

SI0M-UOU SNOLIBA I0J W) [9ARI) PUE ‘DIUBISIP
9)NUIWIOD P[OY3SNOY ‘DOUBISIP INWIWOD ABM-3UQ

ouIn [oAeI} pue
sasodind JUSISJIP 10 SONIANIE SWIOY-JO-INO JO IaqUINN

10U 10 [9ABI}) ATV

QwIn AINUIWOD
(Arenuue sa[ur 000‘0g < pue

Aep AoAms Uo s O > I0J SI0JedIpUl

Areurq) LINA ‘Ananoe [edisAyd jo urwr + Qg ‘O[rur auo
15B3] 18 payem ‘sdin Jisuer) pue Supjfem jo JequnN

ourry aumiredap 2nwwio)

JISURI) PUR ‘S9POUI DATIOR
‘1ed £q sdin A{esm Jo ISqUINU pue 3dUBISIP [9ARI],

JISURI) pPUR ‘SOPOW SATIOR
‘1ed Aq sdin Ap{eam Jo JoquINU pue aJUBISIP [9ARI],

,a’n

a’sn

/5

>a’o

(Aouanbaiy
QWOY-1B-}I0M) [RUIPIO PUE (99M B JJUO ISE]
Je swoy woij 3upjIom jo 1ojedipur) Areurg

(,2oe[d¥IOM IO/pUB SUIOY ‘DIYMIS[d
Bururquiod, pue ‘@de[dyIom pue dwoy
Bururquiod, ‘ sawoy woij ATuo, derdyiom
o} woj A[uo unjiom,) [esrrodale)

Aep AoAIns 9] UO PIINUWIUIOIA[3) P[OYSNOY Y}
10U IO JSYIdYM PUR SIINUWIUWOIS[3) P[OYISNOY
B JOU 1O I9YI9YM JO SIOJBDdIpUI ATRUIq OM],
papnput

SI9NIOM Ie[[0d-23TYM Aq PI[ spjoyasnoy A[uQ
(J9)I0M 2010 dwin-1red,

pue ‘ I9}I0M 90LJO JWn-[[nJ, ‘ J9INWII0I),)
peaY ployasnoy 1oj [ed110821e)

(Aep Aonms

UO PajNuIodd[a]) ATeulq pue (,SIINUWWO0dI)
-uou, pue ‘juanbaijur, ‘jusnbaij,) resrrodare)

(,SI9INUIWO0d3[a}
-uou, pue ‘Juanbaijur, ‘juenbaiy,) esri03are)

(JoyI0M-UOU,

pue ‘1jiom Iendal, ¢ II0MI[3],) [ed1108338D)
(owoy woly

3unjiom smoy Apjam a3eIaAe) snonunuod
pue ‘(qpuowr 1od sAep unnNUILIOda[a))

[eUIPIO ‘(30U IO IANUIOID[A]) ATeurg

(S19)10M33)

-uou, pue ‘ Jeuolse’o, juanbaiy,) [esrro8aren
PapN[oul 2IomM PIJNUILIOd oYym Aep

AdAINS 3} UO SUD[IOM SISNIOM paLIe[es A[UQ
(,S12INWWI0I[3)

Ien3a1-uol, pue ‘SISINUILIOI[)

Ie[n3al, ¢ s1eMuwuiod Aep-[[nj,) [edrio8are)

sployasnoy
I9}I0OM-0OM] PUR -9UO 10 sis[eue djeredag
(£ouanbaiy y10M3[3) paseq-awoy) [euIpI)

spjoyasnoy
I9YI0M-0M] PUE -9UO 10J sisATeue djeredas
(£>uanbaij yI0Ma[a) paseq-awoy]) [eUIpIO

(2102-5002) £oAmg [oABIL, [EUONEN N

A3AINgG [e100S TRISUSD
UBIpRURD GOOT SY) WOIJ BIep 9SN-dul],

B2I0Y INOS
IN03S “e1ep ASAIMS [9ARI) P[OYISNOY 900T

B310) YINOS
Inoas ‘elep A9AIns [9ARI) P[OYasnoy 900g

'v's'n ‘o8edryd
‘AoAImg [oAeI], POYasSNOH [euolSay £00T

'v's'n ‘o8edryd
‘AoAIng [oAeI], P[OYISNOH [eUOISY 00T

epeue) jo uoiday ende) [euoneN a3
‘foAIng uoneunsap-uIdLIo SNVYL S00T

(#102-2002) [oued A1ddng mnoqeT yong

Aaning
[9ABLL P[OYaSsNOH [euolieN 'S'N 600T

V'S’ INIMOBUUOY pue ‘A3SIdL MIN
S[I0X MIN JO SIUNOD 87 SULISA0D ‘AoAINg
[PABI], PIOYaSNOH [eU0ISaY T10Z-0T0T

(2102-500T) £oaImg [9ABIL, [EUONEN MM

(2102-5002) £2AInS [aARLL [RUONEN M

(£102) BATIS
3 NRIqY 9p pue O

(8102) ‘Te 32 d[fodeyde]

(£102) Wy

(ST02) 'Te 30 wnf

(9102) °H pue nH

(S102) nH pue 9

(2102) uspien

(8102) 'Te 19 SOA 9p

(8107) nrIeqenjeyd

(810¢) UIf pue Lesdsy

(8102) OPPIN
pUE BAJIS @ N2IQY 9P

(4£102) BATIS @
N2IQY Sp pue ORI
Pue BA[IS 9 N3IQY 9p

HNS3I [[eIDAQ

(s)a1qerrea juspuadaq

a/9

J10JEDIPUT YIOMI[OL,

JX91U0d pue eje(

QUIRJY

E. Elldér

's91pn3s [ed1IIdWa JUBAS[RI JO ATRWIing
1 9lqeL



E. Elldér
=
=2
2
[
-
=
g
()
>
é
-
=
st
Ha)
8
-
©
>
2
=
()
el
=
()
o
)
(=]
a
N
(&)
=
=}
S
I+
S
o
g
-~
=
o
2
°
()
g
o
>
[
8
=]
o
o
o
=}
[+
<
s
a3
(=)

a
=
Y]
=
£
=
=
Q
U [
S8
=
2|3
S
[

Complementarity

Distance, duration, and frequency of trips for various

purposes

G

Binary (frequent telecommuter or not)

2001 and 2009 U.S. National Household

Travel Surveys

Zhu (2012)

Telecommuting increases workers' one-way

commute trips, total work trips, and total non-work

trips.

Complementarity

G One-way commute distance and duration

Binary (household with or without at least one

frequent telecommuter)

2001 and 2009 U.S. National Household

Travel Surveys

Zhu (2013)

Telecommuting increases the commute distance and
duration for both one- and two-worker households.

Comparison of one- and two-worker

households

Complementarity

Daily work and non-work VMT

G

Binary (frequent telecommuter or not)

2001 and 2009 U.S. National Household

Travel Surveys

Zhu and Mason (2014)

Telecommuters have more VMT for both daily work

and non-work trips than do non-telecommuters.

2 'G' refers to a general indicator of telework (e.g., whether or not a worker teleworks regularly) that includes no information on whether or not a respondent actually teleworked during the period when the travel

information was collected. Direct measures (‘D) include information on telework practices during period when the travel information was collected.

> For a quick overview, we use the standard typology of first-order interactions between ICT and travel that comprises four main effects that telework can have on travel (Andreev et al., 2010; Salomon, 1986):
substitution occurs when telework simply replaces physical travel; complementarity refers to when telework generates additional travel; modification is when travel is not generated or replaced but altered in other

dimensions, such as timing, mode, routing, and trip chaining; and neutrality is when telework has no effect on travel.

¢ These studies take into account whether or not the respondent reported commuting to work on the survey day but convey no information as to whether or not this actually represents teleworking.

4 He and Hu (2015) include an indicator of whether or not the respondent worked at home on the day of the travel survey, but it is not known whether this represents actual telework.
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factors, but it is impossible to rule out that other factors explain some of
the complementarity effects.

One advantage of several recent studies is that the travel effects of
telework are analysed at the household level (de Abreu e Silva and
Melo, 2017, 2018; Hu and He, 2016; Kim, 2017; Kim et al., 2015; Melo
and de Abreu e Silva, 2017). de Abreu e Silva and Melo (2017) con-
sidered commuting distance as the total travel of both workers in two-
worker households, finding that frequent teleworking is positively
correlated with vehicle kilometres travelled (VKT) and number of car
trips. Kim et al. (2015) concluded that some of the telework-induced
travel savings are offset by the travel of other household members,
partly since the household vehicle made available by the tele-
commuting spouse can be used by other household members.

Kim (2017) also considered other household members' travel, ana-
lysing both general and direct indicators of telework, presenting a more
nuanced picture. On a general level, not commuting to work is found to
have a complementarity effect on overall travel, as the travel savings
from the usual commute are offset by other travel, though this rebound
effect occurs only on telecommuting days in telecommuting house-
holds. However, Kim's (2017) direct but binary definition of telework
probably hides important variation. The other two studies that directly
measure telework practices find major differences between full- and
part-day teleworking arrangements (Asgari and Jin, 2018; Lachapelle
et al., 2018). On days that teleworking takes place all day, clear sub-
stitution effects can be discerned. When teleworking part day, similar
declines in travel demand cannot be distinguished, although travelling
in rush-hour traffic seems less likely.

Furthermore, several of the updated studies also analyse effects on
mode choice and whether telework facilitates more active travel (de
Abreu e Silva and Melo, 2018; Chakrabarti, 2018; Garden, 2012;
Lachapelle et al., 2018), an issue previously receiving little attention.
All these studies find that teleworkers make more use of active modes,
though the direct effects of telework are subject to uncertainty as sev-
eral of these studies use general telework measures. One explanation
could be that teleworkers in these studies generally make more trips for
other reasons, which should also increase the likelihood of travelling by
active modes. Again, as Lachapelle et al.'s (2018) study testifies, there
may be important differences between different telework arrangements.

In summary, there is still a great need for studies of telework-travel
interactions. Compared with early studies, studies of the last decade
give a somewhat scattered picture of the effects of telework. The up-
dated studies have many advantages, being based on impressive data-
sets representative of large populations and using advanced statistical
analysis techniques. However, the present study finds a great need for
representative studies using direct measures of actual telework perfor-
mance. It should also be noted that most studies reviewed here use data
that are ten or more years old. As previously discussed, it is very pos-
sible that rapid telework expansion has resulted in new practices as new
groups of workers gain the opportunity to telework. The rapid telework
diffusion in Sweden thus provides good opportunities to contribute
substantially to the literature. The next section describes our empirical
approach in detail.

3. Data and method
3.1. Data

We use micro-data from the recurrent Swedish National Travel
Survey (RVU), which has studied a randomized and representative
cross-section of the Swedish population. Travel data are collected using
one-day trip diaries in which each respondent records all out-of-home
movements on a randomly assigned survey day. The diary is sent by
mail before the survey day, and followed up by phone interviews a few
days afterwards. Each trip is characterized by a range of variables, for
example, travel mode, travel distance, purpose, duration, and time of
day.® Information is also collected on a range of background factors,
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including gender, income, education, family status, residential location,
and car ownership.

The RVU is also designed to capture daily practices of actual tele-
work performance, and has previously been used to study telework and
telework-travel interactions in Sweden, more recently by Vilhelmson
and Thulin (2016) and Elldér, (2017). In the survey, respondents an-
swer a range of questions about telework, including when in the day,
for how long, how often per week and month, and where. Telework is
defined as work sometimes performed at any place other than the usual
workplace during contracted working hours. This means that it is not
considered telework if the respondent (as stated in the survey): ‘works
on the way to or from work (e.g., reading a report on the bus)’, ‘brings
work home after working hours’, ‘goes on an errand during work’, or
‘temporarily works at home due to a sick child, etc.’. Workers with
mobile workplaces are also not defined as teleworkers. Also, telework is
not regarded as a full-time practice, nor is a minimum time threshold
used. Instead, the respondents are asked whether or not they practice
telework regularly (i.e., a general measure) and whether or not they
teleworked on the day of the survey (i.e., a direct measure).

We use RVU data covering the 2011-2016 period. The survey design
remained largely the same throughout this period, and the overall re-
sponse rate was about 40%. For the purpose of the analysis, we selected
only respondents who worked on the survey day. We also excluded
some respondents who did not start and end their travelling at home
(e.g., respondents taking a flight on the survey day). This left a total of
11,693 respondents.

3.2. Variable definitions

3.2.1. Independent variables — telework

When preparing the paper, we explored a range of indicators of
telework practices. For example, attempts were made to indirectly
capture various rebound effects discussed in the above literature review
by analysing various general measures of telework. First, we in-
vestigated whether or not teleworkers commute farther than do other
workers on non-teleworking days, but found no significant differences.
We also fitted models examining whether daily travel differs between
all regular teleworkers and other workers in general. Space does not
permit presentation of these models, but their results were in line with
those obtained using the two indicators finally chosen (see below).
However, as in most previous studies, we had limited opportunities for
the in-depth exploration of potential rebound effects. RVU covers only
one day and contains no information on either how long the re-
spondents have teleworked or on possible workplace/home relocations
in relation to changing opportunities to telework. Unfortunately, we
also could not explore effects at the household level, since RVU does not
include travel data for other household members.

Finally, for the models presented here, we settled on two indicators:
Telework full day is a binary indicator of whether or not the respondent
teleworked for the whole survey day, and Telework part day is a binary
indicator of whether or not the respondent teleworked for part of the
survey day. Of the respondents, 3.0% reported teleworking for the
whole day and 4.4% for part of the day.

3.2.2. Dependent variables — travel activities
We defined a total of six dependent variables capturing different
aspects of the respondents' travel activities on the survey day, which

5In RVU, trips are defined as all movements outside a main trip location (i.e.
the respondent's home, secondary home, temporary overnight abode, work-
place, or school). Note that Vilhelmson (1997) compared RVU with the national
Swedish time use survey and found that some shorter trips, most notably
shorter walks in the neighbourhood (e.g. walking the dog), are slightly un-
derreported in RVU. However, we do not believe that this will have any major
impacts on the results.
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together capture four travel dimensions important for sustainable
transport: trip generation, travel distance, mode choice, and timing.
Any trip is a binary indicator of whether or not the respondent reported
one or more trips. Trips measures the total number of trips completed on
the survey day. PKT is the total distance travelled and VKT is the total
distance travelled by car on the survey day. Mode choice is a categorical
variable including categories of whether the respondent only travelled
by car, only by active modes, multimodal or did not report any trips.
Finally, Rush-hour is a binary indicator of whether or not a trip started
or finished during peak hours on the survey day.

3.2.3. Control variables — sociodemographics and built environment

We also include a range of control variables capturing various in-
dividual sociodemographic traits and built environment features of the
respondent's residential location. These variables were selected since
previous research has found them to be strongly correlated to both
telework eligibility and adoption (Elldér, 2019; Vilhelmson and Thulin,
2016), as well as to daily travel activities in Sweden and elsewhere
(Elldér, 2018; Elldér, 2014). Men have traditionally had greater op-
portunities to telework than women, while men generally also travel
longer and by car to a greater extent. The same positive relationships
also generally apply to income and education. Age and family situation
have also been shown to be important. For example, parents of small
children are overrepresented among teleworkers in Sweden (Elldér,
2019). Car ownership correlates strongly with travel habits as the car
enables longer trips, while teleworkers to a greater extent have access
to a car. Spatial factors are also important to control for. Previous
studies have found that teleworking is more common among those
living in sparsely built areas as acceptance for longer commuting in-
creases when having the option to telework, although telework in
Sweden is more common in metropolitan regions (Vilhelmson and
Thulin, 2016). In addition, the built environment typically has a strong
impact on individuals' travel behaviour. In summary, it is important to
confirm that there are still significant differences between teleworkers
and non-teleworkers after controlling for these variables.

However, it should be mentioned that some of the variables in-
cluded might have indirect effects that we are not able to consider with
the cross-sectional data used here. This applies not least to the built
environment variables and car access. For example, a teleworker might
consider moving to a larger suburban house, farther from everyday
activities, with car dependency and added everyday travel as longer-
term consequences. Finally, it can however be mentioned that we have
tested for multicollinearity by estimating bivariate correlations among
independent variables and collinearity diagnostics when fitting the
models. When it comes to the final models presented in the paper there
are no multicollinearity (VIF > 2) between the variables included.

Table 2 presents descriptive statistics and precise definitions of each
variable included in the analysis.

3.3. Statistical approach

Capturing human behaviour with statistical models is always a
challenge, not least when it comes to travel behaviour. Many different
decisions and factors influence each trip, and all trip elements — desti-
nation, mode, distance, duration, timing, etc. — have different under-
lying rationales and are not isolated from one another, but are closely
interlinked in various ways. Given the many factors involved in in-
dividuals' travel decision-making processes, there is obviously no single
theoretically perfect statistical model of telework-travel interactions.
We have chosen to analyse each dependent variable separately using
various multivariate regression models depending on the measurement
levels of the dependent variables. The two binary variables (i.e., Any
trip and Rush-hour) were analysed using logistic regression models.
Mode choice was analysed using a multinomial regression model. PKT
and VKT were analysed using tobit regression models,® and the total
number of trips was analysed using a binomial regression model. We
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Table 2
Descriptive statistics and variable definitions.
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n (total) Freq. (%) Mean SD
Dependent variables — travel activities
Any trip One or more trips reported (1 = yes, 0 = no) 11,693  96.3
Trips Number of trips reported 11,693 2.334 1.101
PKT Natural log of distance travelled in km 10,686 3.075 1.402
VKT Natural log of vehicle km travelled 7410 3.404 1.158
Mode choice Only car (used as a reference category in regressions) 11,693 47.8
Only active travel (i.e. walk/cycle) 12.9
Multimodal 35.5
No trips 3.8
Rush-hour Started or finished a trip during peak hours, i.e., 06:00-09:00 and/or 15:00-18:00 (1 = yes, 0 = no) 11,693 87.9
Independent variables — telework
Telework full day Reported telework full survey day (1 = yes, 0 = no) 11,693 3.0
Telework part day Commuted to work and reported telework (1 = yes, 0 = no) 11,693 4.4
Control variables — sociodemographics
Female Female (1 = yes, 0 = no) 11,693 48.2
Life course Younger, 15-44 yrs. old, no children 11,593 14.7
Parent, children 0-6 years old 17.6
Parent, children 7-18 years old 30.1
Older, =45 yrs. old, no children (used as reference category in regressions) 37.6
Car access Own a car and hold driver's license (1 = yes, 0 = no) 11,681 85.3
Higher education Higher education, more than two years (1 = yes, 0 = no) 11,693 25.4
Income Lowest quartile (used as reference category in regressions) 10,315  25.3
Second quartile 25.6
Third quartile 25.6
Highest quartile 23.5
Control variables - built environment”
Entropy index Entropy index measuring the mixture of residential, industrial, retail, office, and public-sector activities within 11,565 0.825 3.875
1 km. The index ranges from 0 (single activity) to 1 (activities evenly divided among the five options).
Population density Population (in thousands)/km? within 1km 11,688 2.185 2.882
Distance from city centre Natural log of driving time to closest centre of a city > 10,000 population 11,427 6.134 0.878
@ See Elldér (2018) for precise definitions and data underlying these variables.
first guide the reader through the results and then provide a common Table 3
interpretation and discussion of all models. In this way, we believe that Logistic regressions on Any trip...
we can achieve a relatn{ely compre.henswe unde.rs.tgndmg of the hpks B Sig. Exp(B)
between telework practices and daily travel activities, given the lim-
itations of statistical models.” Note, however, that since we use a cross- Telework full day —2.386 0.000 0.092
sectional database, we cannot offer far-reaching conclusions on dy- Female ) 0.717 0.000 2.049
i d lity. Our results are based on conditional correlations Younger, 15-44yrs. old, no children 0.169 0.363 1.184
namics and causality. ) Parent, children 06 years old 0.678 0.000 1.971
and on unobserved heterogeneity. Parent, children 7-18 years old 0.388 0.008 1.474
Car access 0.006 0.977 1.006
Second income quartile —0.098 0.492 0.907
4. Results Third income quartile 0.742 0.000 2.100
Highest income quartile 0.504 0.003 1.655
. . Higher education 0.247 0.147 1.281
4.1. Travel demand (trip generation, PKT, and VKT) Entropy index 0.510 0.152 1666
Population density —0.041 0.080 0.960
We begin the analysis by examining whether teleworking leads to Distance from city centre —0.268 0.001 0.765
fewer trips. Table 3 presents a logistic regression with Any trip as the Constant X 4.327 0.000 75.693
dependent variable. The model shows that workers who telework Cox & Snell R 0.026
c g . Nagelkerke R 0.107
throughout the survey day are significantly more likely nogt to.travel n 9940
than are those who telework part of the day or not at all.” It is also
shown that the probability of not making a trip is significantly greater *p < .05.
for men, the elderly, low-income earners, and those who live farther “ p < .0l

from a city centre. In the next model, we investigate whether

6 All respondents with zero PKT were censored from below.

7 See, for example, Nass (2004, 2015) for more detailed discussion of the
limitations and potentials of regression analysis in travel behavioral research.

8 This result is expected as almost all non-teleworkers commute to work. This
also explains the low odds ratio of the Telework full day variable (as well as the
high odds ratio for the no trips category of the Mode choice model in Table 6). If
we instead run a model that measures the likelihood of doing a non-work trip,
the effect is as expected the opposite; i.e. that full day teleworkers are more
likely to make a non-work trip. But overall, we can conclude that full day tel-
eworkers are less likely to make a trip during the days that the teleworking
takes place.

teleworking affects the number of trips made on the survey day (see
Table 4). In line with the previous model, we find that those who
telework all day make fewer trips than those who do not telework. Part-
day teleworkers make significantly more trips than do non-teleworkers.
However, the marginal effects are considerably larger for full day tel-
eworkers compared to the part-day teleworkers. The control variables
have similar effects as in the previous model.

When it comes to PKT, it is clear that those who telework full days
travel shorter distances than do those who do not telework (see
Table 5). However, those who telework part of the working day travel
significantly farther. But again, the marginal effects are much larger for
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Table 4
Negative binomial regression on Trips.
B Sig.

(Intercept) 0.653 0.000
Telework full day —0.652 0.000
Telework part day 0.101 0.001
Female 0.036 0.009
Younger, 15-44 yrs. old, no children 0.033 0.125
Parent, children 0-6 years old 0.009 0.626
Parent, children 7-18 years old 0.049 0.002
Car access 0.098 0.000
Second income quartile 0.001 0.932
Third income quartile 0.040 0.030
Highest income quartile 0.033 0.080
Higher education 0.000 0.981
Entropy index 0.104 0.007
Population density —0.002 0.426
Distance from city centre 0.006 0.500
Likelihood ratio chi-square (14) 270.531
n 9940
*p < .05.
= p < .01.

Table 5

Tobit regressions on PKT and VKT.

PKT VKT
B Sig. B Sig.

Telework full day —1.109 0.000 —0.082 0.385

Telework part day 0.218 0.001 0.126 0.055
Female —-0.161 0.000 —-0.297 0.000
Younger, 15-44 yrs. old, no children ~ 0.168 0.000 0.143 0.004
Parent, children 0-6 years old 0.172 0.000  0.025 0.531
Parent, children 7-18 years old 0.115 0.001 0.050 0.148
Car access 0.466 0.000 0.646 0.000
Second income quartile —0.075 0.032 —0.050 0.161
Third income quartile 0.203 0.000  0.103 0.012
Highest income quartile 0.325 0.000 0.166 0.000
Higher education 0.354 0.000 0.256 0.000

—0.590 0.000
—0.046 0.000

—0.372 0.000
—0.056 0.000

Entropy index
Population density

Distance from city centre 0.112 0.000 0.090 0.000
Constant 2.178 0.000 2.448 0.000
Likelihood ratio chi-square (14) 927.020 502.510

n 9167 6422

* p < .05.

= p < .01.

the full day teleworkers. The control variables have the expected ef-
fects. Women, the elderly, those without a car, and low-income earners
travel shorter distances. Travel distance also decreases with distance
from the nearest city centre and with higher density and land use mix.
We find no significant differences in VKT between those who telework
and those who do not telework (see Table 5). The control variables have
similar results as in the PKT model.

4.2. Mode choice

The mode choice model is presented in Table 6. Respondents who
only travelled with car is used as the reference category. Full-day tel-
eworkers are more likely to only use active modes of travel. Women,
people lacking higher education, older people, high income earners,
and those who do not own a car are also more likely to only use active
modes. As the density and land use mix around the dwelling increase
and as the distance from the dwelling to the nearest city centre de-
creases, the likelihood of active travel also increases. There are no
significant differences between teleworkers and non-teleworkers when
it comes to the probability of multimodal trips. When it comes to the
probability of not making any trips, the results are similar to those

Journal of Transport Geography 86 (2020) 102777
presented in the previous section.

4.3. Congestion relief

The last model measures the probability of any trip being made
during rush-hour traffic (Table 7). The model confirm that those who
telework throughout the day are significantly less likely to travel during
rush hour. Those who telework part day make trips during rush hour
more often than do those who do not telework. The marginal effects are
however again more than twice as large for those who telework
throughout the day. Women, the elderly, low-income earners, workers
without car access, and those lacking higher education are less likely to
travel during rush hour.

5. Discussion

As expected, the models present a complex picture of the links be-
tween telework and daily travel activities. The relationships appear to
differ between different telework arrangements and travel outcomes;
however, by discussing them together a clearer picture emerges. It is
evident that those who telework throughout the day reduce their travel.
The models show that full-day teleworkers make significantly fewer and
shorter trips than do those who do not telework. We find no significant
differences in VKT, but the likelihood of a non-teleworker making a car
trip is higher than for a full-day teleworker. These results stand in stark
contrast to those of most other studies of the last decade using similar
representative data. However, we believe that this is partly because no
studies concluding that telework has a complementary effect capture
travel activities during the period when telework was actually per-
formed. Our results are in line with those of Lachapelle et al. (2018),
who used a direct measure of telework and found that teleworking was
associated with less overall travel time; they also to some extent parallel
those of Kim (2017), who found that commuting is reduced on actual
telecommuting days.

Part of the explanation for the differing results probably also lies in
the fact that context matters. No similar study of which we are aware
has examined a Scandinavian context during the past decade, and most
studies use data older than ten years. Above all, no study known to us
has examined contexts where teleworkers formed an early majority of
the workforce.

Importantly, our literature review also revealed that previous stu-
dies seldom distinguish between different telework arrangements. We,
however, find important differences between part- and full-day tele-
working. The travel demand benefits of full-day telework are partly
offset by those who telework part day. The models show that part-day
teleworkers generally make more trips, and also travel farther than do
those who do not telework. Even though the effects are the opposite for
part-day teleworking, the effect sizes are smaller than those for full-day
teleworking. Therefore, the positive association with part-day tele-
working does not compensate for the total effects of telework on daily
travel demand.’

However, we want to stress that it can be problematic to look at this
only through a narrow substitution—complementarity lens. Rather, we
believe that the measured differences indicate that telework is a com-
plex practice and coping strategy used differently by different in-
dividuals to organize everyday life. Full- and part-day teleworking re-
present different spatiotemporal strategies with different consequences
for everyday travel, and should be analysed separately.

We believe that this can also help explain the effects of telework on
mode choice. The time freed up by full-day teleworking facilitates the
use of slow transportation modes, while part-day teleworking does not.

9 When preparing this paper, we also ran models comparing all workers who
reported regular teleworking with other non-teleworkers, and found substitu-
tion effects. These models are not presented due to space restrictions.
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Table 6
Multinomial logistic regression on Mode choice.
Only active travel Multimodal No trips
B Sig. Exp(B) B Sig. Exp(B) B Sig. Exp(B)
Intercept 1.228 0.000 1.194 0.000 -2.263 0.000
Telework full day 0.668 0.000 1.950 -0.194 0.238 0.824 2.379 0.000 10.793
Telework part day —0.049 0.767 0.952 —0.005 0.963 0.995 - - -
Female 0.415 0.000 1.515 0.501 0.000 1.650 —0.468 0.001 0.626
Younger, 15-44 yrs. old, no children —-0.354 0.001 0.702 0.041 0.615 1.042 -0.195 0.307 0.823
Parent, children 0-6 years old —0.456 0.000 0.634 -0.147 0.032 0.863 -0.763 0.000 0.466
Parent, children 7-18 years old —0.253 0.002 0.777 —0.033 0.571 0.968 —0.424 0.004 0.654
Car access —-2.503 0.000 0.082 —2.565 0.000 0.077 -1.915 0.000 0.147
Second income quartile 0.606 0.000 1.832 0.495 0.000 1.640 0.403 0.006 1.497
Third income quartile -0.037 0.684 0.964 0.070 0.311 1.073 -0.703 0.000 0.495
Highest income quartile -0.386 0.000 0.680 0.106 0.131 1.112 —0.482 0.006 0.618
Higher education —0.405 0.000 0.667 0.056 0.466 1.058 -0.205 0.242 0.815
Entropy index 1.656 0.000 5.239 0.347 0.015 1.415 -0.215 0.553 0.807
Population density 0.146 0.000 1.157 0.140 0.000 1.150 0.145 0.000 1.156
Distance from city centre —0.226 0.000 0.798 0.003 0.926 1.003 0.266 0.001 1.305
Cox & Snell R® 0.221
Nagelkerke R> 0.249
n 9940
* p < .05.
» p < .0l
Table 7 Survey, we addressed three research questions concerning how full- and
Logistic regression on Rush hour. part-day telework influence i) travel demand, ii) mode choice, and iii)
B sig Exp(B) rush-hour traffic. Overall, our results indicate that telework changes
individuals' daily travel. When it comes to travel demand, we find that
Telework full day —2.164 0.000 0.115 full-day teleworkers, on the day they engage in telework, make sig-
Telework part day 0.830 0.001 2.292 nificantly fewer and shorter trips and are less likely to drive a car than
Female 0-384 0.000 1.468 those who do not telework. However, some of the decrease in travel
Younger. 15-44 yrs. old. no children —0.089 0.365 0.915 R : >
Parent. children 0-6 years old 0.334 0.001 1.396 demand is offset by those who telework part day. The models show that
Parent. children 7-18 years old 0.239 0.004 1.270 part-day teleworkers generally make more trips, and travel farther than
Car access 0.239 0.013 1.270 do workers who do not telework. However, since full-day teleworking
Second income quartile 0.243 0.006 1.276 have greater marginal effects, we conclude that teleworking substitutes
Third income quartile 0.808 0.000 2.243 f d lead d d dail 1 in Swed o h 1 h
Highest income quartile 1.070 0.000 2015 or and leads .to reduced daily trav? in Sweden. Our resu t.s also show
Higher education 0.912 0.000 2.490 that teleworking affects mode choice. Workers are more likely to use
Entropy index —0.045 0.817 0.956 active travel modes when teleworking full days. Finally, we also con-
Population density —0.019 0.155 0.981 clude that full-day teleworking leads to less rush-hour traffic. From a
Distance from city centre ~0.130 0.002 0.878 transport perspective, an optimistic picture of telework in Sweden
Constant 1.877 0.000 6.535 POTL pEISpective, P P
Cox & Snell R? 0.052 emerges: teleworking leads to reduced travel demand, more use of ac-
Nagelkerke R* 0.103 tive transport modes, and congestion relief.
n 9940 The main strengths of this study are that it uses comparatively new
s data, representative of an entire nation where telework has taken hold,
“pp < o1 and that our analysis is on the micro level, allowing important nuancing

Our analysis shows that full-day teleworkers are more likely to only
walk or cycle. This speaks in favour of the real reprioritization of travel
modes and of full-day teleworking making room for more active travel.
This conclusion is also supported by other studies of the relationship
between telework and active travel (de Abreu e Silva and Melo, 2018;
Chakrabarti, 2018; Garden, 2012; Lachapelle et al., 2018).

We find evidence that full-day telework leads to less rush-hour
traffic. Previous studies also conclude that telework relieves congestion
(Asgari and Jin, 2018; Lachapelle et al., 2018). This shows that pro-
moting telework could reduce stress on transport systems and should be
an attractive policy alternative for cities and regions struggling with
congestion problems.

6. Conclusion

The purpose of this article was to examine how telework influences
daily travel in a context where those who telework regularly have
grown to form an early majority, namely, Sweden from 2011 to 2016.
Using representative micro-data from the Swedish National Travel

in several dimensions ignored by many previous studies. Specifically,
our study stands out in that it: captures travel behaviour during the
defined period when telework was actually performed; distinguishes
different types of telework arrangements; and analyses a range of de-
pendent variables capturing different aspects of daily travel. This shows
the importance of understanding telework as a diversified practice and
coping strategy for organizing everyday activities. It is important that
further research should build on such a nuanced understanding of
telework. Opportunities for similar studies in other contexts should
arise as the number of teleworkers continues to grow.

The main weakness of our study is that we were unable to analyse
potential rebound effects in depth, including possible offsets of travel
between different days during a longer period (e.g. teleworking and
non-teleworking days within the same week). There is a great need for
longitudinal and panel studies that follow and survey teleworkers over
time, examining longer-term mobility-related decisions such as moving,
changing jobs, and buying a car. Nor were we able to take account of
the travels of household members other than the surveyed workers.
Previous studies indicate that some of their travel reductions are offset
by other family members, for example, when the household car is made
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available (Kim et al., 2015). Considering daily travel on a household
level is thus also an important task in future studies. Finally, the recent
fast increase in telework as a result of Covid-19 further emphasizes the
need for further research. It is not yet clear to what extent the restric-
tions on telework lifted by many employers will be restored or not, but
telework will most likely be more widely accessible and commonly
practised than before Covid-19 and many employees are already much
more experienced in different forms of telework. What the outcomes on
daily travel will be is yet to be seen. The need for telework-travel
studies is in other words far from satisfied.
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