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Abstract 

The global pandemic has revived debates about the contribution of teleworking to reducing 

travel, air pollution and carbon emissions.  However, previous research suggests that the 

availability of teleworking may encourage people to move farther from their place of work, 

creating the risk that longer commutes will offset the benefits of fewer commutes.  In 

addition, teleworking may encourage additional non-work travel by the teleworker, and/or 

influence the travel behaviour of other household members.  These complex interactions 

make the overall impacts of teleworking difficult to predict.   

In this context, we use data from the English National Travel Survey to estimate the impact of 

teleworking on the travel patterns of English households over the period 2005 to 2019.  We 

compare the number of trips and distance travelled by teleworkers each week with the 

number of trips and distance travelled by non-teleworkers, controlling for a range of socio-

economic, demographic and regional variables.  We estimate the impact of teleworking on 

travel by purpose (commuting, non-work and business) and by mode (car, public transport 

and active travel) and investigate the impact on the travel patterns of other household 

members.   

Our results provide little support for the claim that teleworking reduces travel.  Indeed, after 

controlling for a range of variables, we find that the majority of English teleworkers travel 

farther each week than non-teleworkers. This results from a combination of longer commutes 

and additional non-work travel.  There appears to be a ‘tipping point’, however.  If people 

telework three or more times a week, their weekly private travel (commuting + non-work) is 

less than that of non-teleworkers.  We also find that the total weekly travel of all household 

members is greater in households where one member is teleworking, suggesting the presence 

of intra-household effects that further erode the benefits of fewer commutes.  We 

additionally find that teleworkers engage in more business travel than non-teleworkers, 

although the reasons for this association are unclear.  We discuss the factors contributing to 

these results and indicate priorities for further research. 
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Highlights 

 We analyse 15-years of data from the English National travel survey  

 We identify associations between teleworking frequency and distance travelled, while 

controlling for a range of variables 

 We find that the majority of teleworkers travel farther each week than non-

teleworkers, despite taking fewer trips.   

 We find that the total weekly travel of all household members is greater in households 

where one member is teleworking.  

 We find that the majority of teleworkers travel farther for business each week than 

non-teleworkers. 

  



1.  Introduction 

Teleworking (working from home or remotely using information technology) has the potential 

to reduce commuter travel and the associated congestion, air pollution, energy use and 

carbon emissions.  However, the availability of teleworking may encourage people to move 

to suburban or rural locations that are further from their place of work (de Vos et al., 2018), 

encourage them to take-up jobs that are further from their place of residence, and/or 

encourage them to take additional trips for non-work purposes (Budnitz et al., 2020).  In 

addition, teleworking may influence the travel patterns of other household members - for 

example, by ‘freeing-up’ the household car for other uses (Kim et al., 2015), or by encouraging 

relocation closer to a partner’s place of work.  These complex interactions make the overall 

impact of teleworking uncertain, and the empirical literature provides contradictory results 

(Hook et al., 2020). 

Despite the availability of high quality travel surveys, there are relatively few studies of the 

impact of teleworking on UK travel patterns.  One of the most rigorous studies is by Melo and 

de Abreu e Silva (2017), who find that teleworking is associated with more rather than less 

commuter travel – largely as a consequence of teleworkers living farther from their workplace 

than non-teleworkers.  In a follow-up study, de Abreu e Silva and Melo (2018) find that 

teleworking is associated with more total travel - due to both longer commute distances and 

additional non-work travel on teleworking days.  However, their results are only significant 

for households with one worker.   

Both of these studies use pooled, cross-sectional data from the English National Travel Survey 

(NTS) (Department for Transport, 2020) over the period 2005 to 2012.  The present study 

takes a similar approach to Melo and de Abreu e Silva (2017), but extends the dataset to 2019. 

This period captures the large increase in teleworking since 2012, but excludes the 2020-21 

global pandemic.  We also extend Melo and de Abreu e Silva’s analysis by estimating the 

impact of teleworking on both the number of trips and the total distance travelled each week; 

and by disaggregating those impacts by travel purpose (commuter, non-work and business) 

and travel mode (car, public transport, active travel).  Our research questions are: 

 How does the frequency of teleworking affect an individuals’ weekly travel for 

commuting and other purposes? 



 How does the frequency of teleworking by one individual affect the combined weekly 

travel of all household members? 

Section 2 summarises the main findings from the literature on teleworking and household 

travel. Section 3 describes the data source, provides descriptive statistics for the selected 

variables and highlight some important issues with data interpretation and classification. 

Section 4 discusses the econometric models and estimation strategy for distance travelled 

and number of trips.  Section 5 summarises the results for commuter, non-work, total private 

and business travel respectively, together with some robustness checks.  Finally, Section 6 

presents the conclusions and highlights some policy implications.   

2. Literature review 

Hook et al. (2020) reviewed 39 studies of teleworking and found that 26 of these estimated 

net reductions in traffic, travel, energy use and/or carbon emissions.  However, many of these 

studies focused solely upon commuting travel, examined small-scale pilots whose results 

were difficult to generalise, and/or had significant methodological limitations.  The more 

rigorous studies, using comprehensive data from national travel surveys and including both 

commuting and non-work travel, typically found smaller savings.  Indeed several studies 

suggested that teleworking was associated with more travel - as previously observed by 

Mokhtarian: 

“… Although direct, short-term studies focusing on a single application (such as 

teleworking) have often found substitution effects, such studies are likely to miss the 

more subtle, indirect, and longer-term complementarity effects that are typically 

observed in more comprehensive analyses.” (Mokhtarian, 2009) 

The literature proposes several mechanisms through which the travel savings from 

teleworking may be offset, including: a) dispersion of residential and workplace locations and 

longer commutes; b) induced non-work travel; and c) intra-household dynamics.  We 

summarise the evidence for each of these below and also look briefly at the association 

between teleworking and business travel - a topic that is largely overlooked in the literature. 

Dispersion of residential and workplace locations and longer commutes 

Many studies suggest that the gains from eliminating commutes on teleworking days may be 

partly or wholly offset by longer commutes on non-teleworking days (Balepur et al., 1998; 



Chakrabarti, 2018). For example, controlling for a range of variables, Helminen and Ristimäki 

(2007) find that Finnish teleworkers have a 3.7 km longer commute than non-teleworkers, 

while Melo and de Abreu e Silva (2017) find that teleworkers in Great Britain commute 8 to 

11 miles further each week than non-teleworkers.  Several studies find that telecommuters 

tend to live further away from their workplaces than regular commuters - perhaps because 

the availability of teleworking reduces commuting costs relative to housing costs and thereby 

expands the choice of residential location (Kim et al., 2012; Muhammad et al., 2007; Ory and 

Mokhtarian, 2006; Zhu, 2013; Zhu and Mason, 2014).  However, not all studies reach this 

conclusion: for example, Ellen and Hempstead (2002) find that US telecommuters are more 

likely to live in urban centres, while both Muhammad et al. (2007) and Ettema (2010) find 

that teleworking has little influence on the residential choices of Dutch households. 

Longer commutes may result from teleworkers moving to residential locations that are 

further from their workplace, or from teleworkers choosing workplaces that are further from 

their place of residence. In addition, the availability of teleworking may also encourage 

employers to relocate. For example, Kim et al. (2012) found that firms allowing 

telecommuting were more likely to be located in the outlying areas of Seoul, together with 

their employees. The net result was that teleworkers had shorter commute distances than 

non-teleworkers. Hence, in some circumstances the impact of residential dispersal on 

commute distance may be offset by the parallel dispersal of workplaces (Tayyaran and Khan, 

2003) 

Even if teleworkers do live further from their workplace, the majority of studies do not 

establish the direction of causality.  That is, do people telework to avoid a long commute, or 

do they choose to live further away from the workplace because their job enables them to 

telework?  Commute distance and the frequency of teleworking are endogenous variables, 

which creates the risk of bias.  To reduce this risk, Zhu (2012) uses the frequency of internet 

use as an instrument for teleworking since this should be correlated with the latter while not 

affecting commuting distance. He finds that teleworking has a positive influence on one-way 

commute distance that has increased over time. In 2009, US teleworkers’ work trips were 

43% longer those of non-teleworkers, compared to 34% in 2001. 

Instrumental variables are one approach to accommodating endogeneity, but most datasets 

lack suitable instruments.  An alternative approach is to use panel data (where available), 



since this allows the changes in teleworking and commuting distance to be identified whilst 

controlling for time-invariant fixed effects. Using seven waves of the Dutch Labour Supply 

Panel, de Vos et al. (2018) estimate that teleworkers have 5% longer commuting duration, 

with every additional day of teleworking being associated with a 3.5% longer duration 

commute.  In a more recent study using a different dataset, de Vos et al. (2019) obtain larger 

estimates of 12% and 16% respectively. Both studies use commuting duration rather than 

commuting distance as the dependent variable, but these should be correlated (Schwanen et 

al., 2004).  Unfortunately, panel data sets that include the required variables are rare. 

The impact of telecommuting on residential location may depend on the composition of the 

household (Zhu, 2013).  While the length and duration of the worker’s commute is an 

important consideration in one-worker households, households with more than one worker 

may consider the length and distance of commutes by all household members.  The 

availability of teleworking may encourage individuals to move closer to their (non-

teleworking) partner’s workplace, with the result that increases in commuting distance for 

the teleworker are offset by reductions in commuting distance for their partner.  A full 

analysis of the impact of teleworking should therefore include travel by all household 

members (Kim et al., 2015). 

The influence of teleworking on residential location may only be evident in the longer term, 

and will be sensitive to contextual factors, such as the difference in property prices between 

urban, suburban and rural regions, and the financial and temporal cost of the commuting 

journey (e.g. the availability of high-speed rail).  Many studies are from North America, but 

their results may not translate to other contexts with different land use patterns and 

transportation systems. For example, Zhu (2012, 2013) only considered commuting by car, 

whereas a large proportion of European commuters travel by rail.   

Induced non-work travel 

Several studies find that teleworkers travel more than non-teleworkers on days when they 

are working at home.  For example, Zhu (2012) finds that US teleworkers take 10.8% more 

non-work trips per day than non-teleworkers and that these are, on average, 15.7% farther.  

Zhu and Mason (2014) finds that teleworking has a causal, positive impact on six out of seven 

categories of non-work travel, with the result that teleworkers travel an average of 4.2 

miles/day further each day for non-work purposes than non-teleworkers.  Kim (2016) finds a 



similar pattern in South Korea for both vehicle-and passenger kilometres. Budnitz et al. (2020) 

finds that English teleworkers take more non-work trips than non-teleworkers, with the result 

that both groups take a comparable number of private trips per week (commuting + non-

work).  However, Budnitz et al. do not study travel distance.   

Relatively few studies explore differences in modal choice, but these have a significant 

influence on energy use and emissions: for example, teleworkers may take fewer commute 

trips by train but more non-work trips by car.  Studies from the US, Canada and England all 

find that teleworkers engage in more cycling and walking than non-teleworkers (Chakrabarti, 

2018; de Abreu e Silva and Melo, 2018; Garden, 2012; Lachapelle et al., 2018), but de Abreu 

e Silva and Melo (2018) also find that they engage in more car travel. 

The reasons for additional non-work travel require further research. Zhu (2012) suggests that 

non-commuting workers are less able to ‘chain’ trips together in an efficient way, and thus 

have to make specific trips for non-work activities.  For example, rather than dropping a child 

off at school on the morning commute and picking them up on the return journey, a 

teleworker may need to make two round trips - leading to more non-work travel. Teleworkers 

may also replace commuting trips with other forms of non-work travel, such as leisure or 

shopping (Lachapelle et al., 2018). These trips could be due to ‘cabin fever’, or teleworkers 

could take advantage of their free time to engage in more social activities (Rietveld, 2011), or 

such activities may substitute for the reduced social interaction in workplaces.  Such effects 

are consistent with the broader evidence on the stability of daily travel time budgets in widely 

different contexts – at slightly over one hour a day (Ahmed and Stopher, 2014; Schafer and 

Victor, 2000).   

The evidence for a definitive, non-work travel rebound is inconclusive, however. For example, 

in their analysis of a teleworking pilot in California, Mokhtarian and Varma (1998) find no 

evidence of increased non-work travel on teleworking days.  Similarly, while 15 of the 39 

studies reviewed by Hook et al. (2020) include non-work travel, only five find complementary 

effects. Moreover, while teleworking may induce more non-work trips, the impact on non-

work travel distance will depend upon the proximity of the home to schools, retail outlets and 

other destinations (Budnitz et al., 2020) - which in turn will be influenced by residential choice 

and the influence of teleworking on that choice.   



Intra-household effects 

Teleworking by one member of a household may also influence the travel behaviour of other 

members of the household - so-called ‘intra-household effects’.  The evidence is particularly 

weak in this area, since most studies focus solely upon travel by the teleworker.  Exceptions 

include Zhu (2013) and Melo and de Abreu e Silva (2017) who both find that teleworking has 

no significant impact on the commuter travel of the teleworker’s partner, and de Abreu e 

Silva and Melo (2018), who find that teleworking is positively associated with total household 

travel for single-worker households, but not for two-worker households.  Possible 

explanations for these negative results are that teleworking provides only a weak incentive 

to relocate closer to the partner’s place of work, or that some of the additional non-work trips 

by the teleworker substitute for trips that would otherwise be undertaken by other household 

members. 

Using cross-sectional data for Seoul, Kim et al. (2015) find that teleworkers’ non-work travel 

is greater than that of non-teleworkers, as is the non-work travel of other members of their 

household. While teleworkers commute 7.8 km/day less than non-teleworkers, they travel 

24.2 km/day farther for other purposes and other household members travel 1.5 km/day 

farther.  These differences were only significant in households with less than one vehicle per 

employed member, suggesting that the primary source of additional travel may be the 

‘freeing up’ of the household car for use by other household members.  

Interaction with business travel 

Very few studies have investigated the association between teleworking and business travel, 

in part because theory does not predict a significant relationship between the two.  

Occupations where teleworking is common (e.g. management, higher education) may have 

higher rates of business travel, but there seems no reason why there should be a causal 

relationship between teleworking and business travel, and most travel surveys allow the 

contribution of occupation to be controlled for - although rarely at a high level of granularity.  

Similarly, business travel may displace commuter travel in a given week, but there seems no 

reason why teleworkers in a given occupation should engage in more business travel than 

non-teleworkers in the same occupation.  Teleworkers may also begin more business trips 

from home rather than from the office, but the influence of this on trip distance is ambiguous 

since it will depend upon the relative location of the home, office and business destinations.   



The association between teleworking and business travel is likely to be sensitive to how 

different datasets and researchers define and measure business travel; and to whether the 

relevant study includes or excludes workers in different occupational categories (including 

the self-employed).  However, we are not aware of studies that have explored these 

sensitivities. 

One of the few studies to investigate this topic is Zhu and Mason (2014), who found a strong, 

positive association between teleworking and business travel, despite controlling for a range 

of sociodemographic and regional variables.  Compared to non-teleworkers, teleworkers 

travelled 33.7 miles further each day for commuting, 4.2 miles further for non-work purposes 

and 41.5 miles further for business.  Hence, the additional business travel of teleworkers 

exceeded their additional private travel, implying that teleworkers travel much further than 

non-teleworkers overall. Zhu and Mason (2014) do not explain this result, but it is worth 

investigating whether we observe the same pattern in other regions and datasets. 

Summary 

Overall, the evidence for travel savings from teleworking appears to be weak.  The indirect 

effects on the choice of residential and job location, non-work travel and the travel patterns 

of other household members can erode the benefits of fewer commutes.  However, the size 

of these effects vary with context, the intra-household effects remain under-researched and 

the interaction with business travel is largely overlooked.  The following analysis seeks to 

improve the evidence for England and to assess whether and to what extent the above 

mechanisms offset the benefits of avoided commutes. 

3. Data and descriptive statistics 

Data source, sample and definitions 

Our data source is the National Travel Survey (NTS) for England for the period 2005 to 2019 

(Department for Transport, 2020).  The NTS is an annual survey of the travel patterns of a 

stratified, two-stage, random probability sample of ~13k English households (Cornick et al., 

2020).  We confine attention to English households since the NTS excluded Scotland and 

Wales after 2013.  We also exclude surveys prior to 2005, since these omit important 

explanatory variables such as higher education qualifications.   



The NTS has few rivals in terms of the range and quality of data on travel patterns.  Survey 

respondents fill out detailed travel diaries over a seven-day period, recording the purpose of 

each trip, the mode of transport used, the (self-assessed) trip distance and duration, and 

other relevant information.  The NTS defines a trip as a one-way journey for a single main 

purpose, and it subdivides trips into two or more stages if there are changes of vehicle or 

mode. The NTS assigns two codes to each trip, indicating why the respondent went to the 

destination and why they were at the origin.  In most cases, the purpose of a trip is the reason 

for going to the destination.  However, if the destination is ‘home’, the purpose is the reason 

for being at the origin. 

The seven-day travel diary offers advantages over the one-day diaries used in many national 

travel surveys (e.g. US and Sweden), since it captures variations in travel patterns over the 

course of a week (Elldér, 2020; Zhu and Mason, 2014).  To minimise bias, participants 

complete the diary for different weeks and start days throughout the year. The NTS 

supplements the travel diaries with detailed socio-economic and demographic information 

collected through face-to-face interviews.   

Our full dataset contains information on ~3.6 million trips by ~269k individuals over the period 

2005-19.  From this, we construct six samples: three for travel by the individual worker, and 

three for total travel by all adult members of the worker’s household.  In each case, we 

distinguish between one-worker households, two-worker households and all households 

respectively.  The first includes households with single adults in employment and households 

where only one partner is in employment, while the second includes households with two or 

more adults where both the ‘household reference person’ and their partner are employed.  

The ‘all household’ samples combine the first two.   

We explore weekly travel for commuting, non-work and business purposes respectively.  The 

NTS technical guidance suggests the following interpretation of these categories: 

 Commuting: trips that begin at a person’s home and end at their ‘usual place of work’, or 

vice versa (Cornick et al., 2020); where a ‘usual place of work’ is: “…a [work]place they 

visit on at least two consecutive days per week for at least four consecutive weeks”.   

 Business trip: trips that include a ‘course of work’ location, such as the workplace of a 

client. 

 Non-work: trips for all other purposes. 



This definition of commuting is restrictive, since a large and growing number of respondents 

(~10% in our sample) do not have a ‘usual place of work’; for example, because they have two 

or more workplaces.  The NTS guidance states that all work-related travel for these 

respondents should be classified as business travel, since the relevant workplaces are 

classified as ‘course of work’ locations (DfT, 2017).  This suggests that the NTS underestimates 

commuter travel because it excludes commuting trips by this group of respondents.  At the 

same time, it suggests the NTS overestimates business travel because this category includes 

commuting trips by this group of respondents (Crawford, 2020; DfT, 2017). 

However, our analysis of the NTS data (subsequently confirmed by contacts with NTS 

statisticians1) has demonstrated that the NTS guidance is incorrect. Since 2002, the NTS 

coders have classified self-reported ‘journeys to work’, as commuting trips regardless of 

whether the respondent has a usual place of work.  This means that (contrary to the technical 

guidance) the NTS measure of ‘trips to work’, includes trips by respondents who do not have 

a ‘usual place of work’, and hence includes the majority of commuter travel. However, this 

measure only includes direct trips to work and excludes chained trips.  For example, the NTS 

classifies dropping a child at school as ‘escort education’ and the subsequent journey to work 

as ‘personal business’ (DfT, 2017).  For this reason, the NTS may still underestimate total 

commuter travel. 

We exclude holiday trips from our measure of non-work trips and we refer to the sum of 

commuting and non-work travel as total private travel. Figure 1 summarises the resulting 

classification scheme. 

                                                 
1 Email correspondence with Alun Humphrey, Natcen, 17th December 2021.  



Figure 1 Classification of trip purpose in the English National Travel Survey 

 

Source: Based upon Crawford (2020)  

The NTS asks participants “How often, if at all, do you work from home instead of going to 

your (usual) place of work?” - excluding working from home at weekends or for only part of 

the day.2  We use the responses to this question to classify participants as medium-frequency 

teleworkers or high-frequency teleworkers (Table 1), and we allocate the remaining 

participants to our reference group of non-teleworkers.  The reason for classifying the 

remaining participants as non-teleworkers is that we expect infrequent teleworking to have 

little influence on the choice of residential location, non-work travel patterns and the travel 

patterns of other household members - which are the hypotheses we wish to test.3   

Table 1 Classification of teleworking frequency 

Teleworking Frequency NTS question on frequency of working from home 

Non-teleworker 

Less than once a year or never 

Once or twice a year 

Less than one a month more than twice a year 

Once or twice a month 

Less than once a week more than twice a month 

Medium-frequency teleworker Once or twice a week 

High-frequency teleworker 3 or more times a week 

                                                 
2 One of the few studies to investigate part-day teleworking is Elldér, E., 2020. Telework and daily travel: New 

evidence from Sweden. Journal of Transport Geography 86, 102777., who find this to be associated with more 

travel.Ibid., ibid.Ibid., ibid.Ibid., ibid. 
3 In earlier work, we included an additional category of 'low-frequency’ teleworkers and defined non-teleworkers 

as those who work from home less than once a year Caldarola, B., Sorrell, S., 2021. The impact of teleworking 

on English travel, A new reality:  ECEEE Summer Study on energy efficiency 2021. European Council for an 

Energy Efficient Economy, Online.. 



We exclude three groups of respondents from our sample. First, we exclude 3,164 

respondents who have missing values for key variables such as occupation, industry and 

residential status.  Second, we exclude workers in the agriculture, fishing, forestry and mining 

sectors since ‘working from home’ in these sectors does not correspond to teleworking as 

commonly understood.  Third, we exclude 22,781 respondents who report no commuting at 

all during the survey week since we are interested in the effect of teleworking on individuals 

who do engage in some commuting. These exclusions ensure our results are consistent with 

the earlier study by Melo and de Abreu e Silva (2017).4 

The reason why so many respondents report no commuting trips during the survey week is 

unclear.  Zhu and Mason (2014) found a similar pattern in the US National Household Travel 

Survey, but this relates to a single day’s travel while the English NTS covers a whole week.  If 

these respondents worked from home every weekday during the survey, then omitting them 

from our sample could lead to bias.  However, this seems unlikely since only 11% of this group 

state that they work from home more than once a week, approximately half work from home 

less than once a year and one third have jobs that do not allow working from home.  Similarly, 

some of these respondents may have been ill during the survey week or may have engaged 

in trip chaining on each journey to work.  However, this will only bias our results if teleworkers 

are more likely to be ill or to trip-chain than non-teleworkers.  Nevertheless, this issue 

deserves further research. 

Our final dataset includes 63,410 working individuals from 40,368 households over the period 

2005 to 2019.  One-third (21,298) of these individuals are from one-worker households and 

the remainder are from two-worker households. The dataset includes 1,147,678 trips by 

working individuals and 2,894,692 trips by adult household members.  Only 1.3% of working 

individuals in our sample telework three or more times a week, while 4.7% telework once or 

twice a week.   

Descriptive statistics 

Figure 2 indicates the increasing popularity of teleworking over the sample period.  The 

proportion of medium-frequency teleworkers increased from 3.6% in 2005 to 7.8% in 2019, 

                                                 
4 We truncated our sample to the period 2005 to 2012 and were able to reproduce Melo and de Abreu e Silva’s 

results.   



while the proportion of high-frequency teleworkers increased from 0.6% to 1.4%.  However, 

the small number of observations in the latter category (836 individuals from 804 households) 

leads to less precise coefficient estimates in our econometric models.  

Figure 2 Trends in the proportion of NTS respondents who telework 

 

Figure 3 and Table 2 show an inverse U-shaped relationship between weekly commuting 

distance and the frequency of working from home. This pattern, which was first observed by 

White et al. (2007), should not be interpreted as a causal effect of teleworking since there are 

likely to be systematic differences between individuals and households in each group (e.g. 

income, car ownership, occupation).  Our econometric models include variables from the NTS 

to control for the observed differences between individuals and households. 

Taking mean values, the reference category of non-teleworkers commutes an average of 68.2 

miles per week, or 13.6 miles per working day.  Medium-frequency teleworkers commute an 

average of 32.5 miles (48%) farther each week than non-teleworkers, while high-frequency 

teleworkers commute an average of 5.9 miles (8.6%) less.  In terms of commuting duration, 

non-teleworkers spend an average of 250 minutes commuting each week, with medium 

frequency teleworkers spending an average of 100 minutes (44%) more each week and high-

frequency teleworkers spending an average of 3.5 minutes less (1.4%).  The average speed of 

commuting journeys is around 15 mph, which appears remarkably low. 
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As noted, we include the few individuals who work from home less than once a week in our 

reference category of non-teleworkers.  However we find that these infrequent teleworkers 

commute an average of 100 miles each week, compared to only 63.5 miles for the 51982 

individuals who work from home less than once a year (Figure 3 and Table 2).  The reason for 

this difference is unclear, but the net result is to increase the mean weekly commuting 

distance of our category of non-teleworkers from 63.5 miles to 68.2 miles.  This in turn 

influences the magnitude and interpretation of our quantitative results.  Importantly, it 

reduces the probability of finding that teleworkers travel farther than non-teleworkers. In 

that respect, our results may be viewed as conservative.5  

Figure 3 Mean weekly individual commuting distances by frequency of working from home 

 
 

                                                 
5 In earlier work, we included an additional category of 'low-frequency’ teleworkers and defined non-teleworkers 

as those who work from home less than once a year Caldarola, B., Sorrell, S., 2021. The impact of teleworking 

on English travel, A new reality:  ECEEE Summer Study on energy efficiency 2021. European Council for an 

Energy Efficient Economy, Online. .  Hence, our reference category of non-teleworkers had a shorter mean 

weekly commuting distance than the reference category used in this paper.  After controlling for relevant socio-

economic and regional variables, we found a positive association between low frequency teleworking and weekly 

private distance travelled. 



Table 2 Mean weekly commuting distance, time and speed by household type and teleworking frequency 

Frequency of working from home Working 

individuals 

Distance (miles) Time (minutes) Speed (mph) 

  Mean Median SD Mean Median SD Mean Median 

One worker sample 21,298 66.7 36.0 91.3 280.6 175.0 381.3 14.3 12.3 

Less than once a year or never 17,755 61.1 32.8 84.8 259.0 165.0 344.0 14.2 11.9 

Once or twice a year 524 89.4 54.4 98.5 385.9 225.5 470.9 13.9 14.5 

Less than one a month more than twice a year 616 102.6 62.0 118.1 414.3 235.0 525.5 14.9 15.8 

Once or twice a month 865 95.1 56.0 109.0 396.3 230.0 484.2 14.4 14.6 

Less than once a week more than twice a month 338 101.4 53.2 114.9 414.0 240.0 527.3 14.7 13.3 

Once or twice a week 914 100.0 53.0 131.5 403.3 215.0 594.3 14.9 14.8 

3 or more times a week 286 62.5 34.0 82.6 243.9 131.5 343.3 15.4 15.5 

          

Two-worker sample 41,508 71.0 40.0 92.2 263.5 160.0 363.0 16.2 15.0 

Less than once a year or never 34,227 64.7 36.0 85.0 241.2 155.0 325.1 16.1 13.9 

Once or twice a year 1,181 91.7 55.0 100.4 349.5 196.0 484.1 15.7 16.8 

Less than one a month more than twice a year 1,426 104.7 65.0 115.7 384.4 225.0 489.3 16.3 17.3 

Once or twice a month 1,868 104.6 63.0 121.6 399.2 223.0 528.3 15.7 17.0 

Less than once a week more than twice a month 770 103.3 62.9 120.9 397.8 216.5 514.6 15.6 17.4 

Once or twice a week 1,664 103.7 62.2 121.7 352.1 200.0 464.3 17.7 18.7 

3 or more times a week 372 68.6 32.2 88.2 229.0 125.0 339.4 18.0 15.5 

          

All households sample 63,410 69.6 39.0 92.0 269.7 165.0 370.7 15.5 14.2 

Less than once a year or never 51,982 63.5 35.5 84.9 230.1 130.0 321.2 16.6 16.4 

Once or twice a year 1,705 91.0 55.0 99.8 368.5 204.0 521.0 14.8 16.2 

Less than one a month more than twice a year 2,042 104.0 64.0 116.4 402.7 220.0 518.3 15.5 17.5 

Once or twice a month 2,733 101.5 60.0 117.8 398.3 225.0 514.6 15.3 16.0 

Less than once a week more than twice a month 1,108 102.7 60.0 119.1 393.4 225.0 500.5 15.7 16.0 

Once or twice a week 3,004 100.7 57.3 124.3 360.7 200.0 480.2 16.8 17.2 

3 or more times a week 836 62.3 32.0 80.7 247.2 160.0 331.8 15.1 12.0 

 



Figure 4 indicates the relative importance of commuting, non-work and business travel in our 

sample of households.  While non-work travel accounts for the largest distance overall, these 

proportions vary widely between individuals and households. 

Figure 4 Mean weekly distance for commuting, non-work and business travel  

 

Table 3 summarises the mean weekly distance and number of trips by different modes and 

purposes, distinguishing between teleworkers and non-teleworkers.6  We make several 

observations.  First, cars dominate overall travel, accounting for more than 60% of trips for all travel 

purposes and a larger proportion of travel distance.  Second, active modes account for <10% of trips 

and <3% of travel distance, and comprise a similar share of commuter and non-work travel.  Third, 

non-work trips outnumber commuter trips, but non-work distance is similar to commute distance 

since the latter involves longer trips.  Fourth, public transport accounts for a larger share of 

commuter travel than non-work travel, with the difference being greater for distance than for 

number of trips (possibly because many commuters travel long distances by train).  Fifth, 

teleworkers travel further than non-teleworkers for all purposes, particularly for business. Sixth, 

teleworkers travel more by public transport than non-teleworkers.  However, these last two 

comparisons do not control for differences in income, occupation and other variables between 

teleworkers and non-teleworkers. 

  

                                                 
6 See the supplementary material for comparable statistics, broken down by all seven categories of frequency of 

working from home. 



Table 3 Mean weekly travel by purpose and mode (all households, working individuals) 

Mode Commuter travel Non-work travel Total private travel Business travel 

 Non-TWs TWs Non-TWs TWs Non-TWs TWs Non-TWs TWs 

Mean distance per week (miles): 

All 68.16 92.34 70.26 89.43 138.41 181.77 16.58 46.81 

Car 52.66 59.59 62.68 77.89 115.34 137.49 12.35 32.60 

Public 13.14 30.66 5.61 8.72 18.75 39.37 3.82 13.65 

Active 2.12 1.89 1.53 1.90 3.65 3.79 0.12 0.28 

Mean number of trips per week 

All 7.94 6.55 10.17 11.32 18.11 17.87 0.91 1.97 

Car 5.52 3.85 8.66 9.58 14.18 13.43 0.69 1.39 

Public 1.43 1.84 0.66 0.72 2.09 2.56 0.15 0.43 

Active 0.97 0.84 0.82 0.97 1.79 1.80 0.06 0.14 

Mean distance per trip (miles) 

All 8.58 14.10 6.91 7.90 7.64 10.17 18.22 23.76 

Car 9.54 15.48 7.24 8.13 8.13 10.24 17.90 23.45 

Public 9.19 16.66 8.50 12.11 8.97 15.38 25.47 31.74 

Active 2.19 2.25 1.87 1.96 2.04 2.11 2.00 2.00 

To control for variables known to influence both travel patterns and teleworking frequency (Elldér, 

2020; Melo and de Abreu e Silva, 2017; Zhu, 2013; Zhu and Mason, 2014), we collect NTS data on 

the following: age; gender; education; employment status (employee or self-employed); 

employment regime (part- or full-time); occupation (SOC - 9 categories); occupational sector (SIC - 

14 categories); household (equivalised) income quintile; number of children; number of adults of 

state pension age; number of vehicles per licenced driver; housing tenure; and length of time living 

at the residence (5 categories).  We also include local authority population density, residential 

region (13 categories), workplace region (13 categories) and a rural/urban variable.   

Table 4 provides summary statistics on these variables.7  This suggests that teleworkers are more 

likely to have a higher education degree, to be self-employed, to be female, to be managers or 

professionals, to work in the real estate, transport or education sectors, to earn more than 

£50k/year, to be a homeowner, to live in urban areas, to live in London or the South-East, and to 

work in Greater London.  
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Table 4 Summary statistics of explanatory variables  

Variable One-worker Two-worker All 

 Non-TW TW Non-TW TW Non-TW TW 

Individual characteristics       

Age (mean) 46.17 46.94 43.46 43.83 44.37 44.80 

Education (% with higher education degree)  23.19 44.42 25.16 44.36 24.49 44.38 

Part-time (%)  22.40 19.17 22.29 18.71 22.33 18.85 

Self-employed (%)  7.86 20.58 7.47 19.92 7.60 20.13 

Male (%) 47.49 42.00 49.91 45.98 49.09 44.74 

Occupation (%)       

Managers and senior officials  14.71 33.58 17.83 35.72 16.78 35.05 

Professional occupations  13.11 29.25 14.30 29.81 13.90 29.64 

Associate professional and technical occupations  14.58 21.33 16.85 20.38 16.09 20.68 

Administrative and secretarial occupations  11.92 6.75 12.21 5.91 12.11 6.17 

Skilled trades occupations  9.05 2.92 8.45 2.39 8.65 2.55 

Personal service occupations  8.93 2.42 8.23 2.69 8.47 2.60 

Sales and customer service occupations  6.43 1.25 5.51 1.29 5.82 1.28 

Process, plant and machine operatives  8.73 1.17 7.44 0.76 7.88 0.89 

Elementary occupations 12.53 1.33 9.18 1.06 10.31 1.15 

Sector (%)       

Manufacturing 13.05 8.67 13.42 8.30 13.30 8.41 

Electricity, gas and water supply 1.31 1.17 1.31 1.17 1.31 1.17 

Construction 5.15 2.67 5.32 4.51 5.26 3.93 

Wholesale and retail trade 13.91 6.58 13.93 6.93 13.92 6.82 

Accommodation and food service activities 5.16 2.00 3.78 1.86 4.25 1.90 

Transport and storage and communication 9.67 14.17 8.47 12.35 8.87 12.92 

Financial intermediation 4.45 6.92 4.39 8.48 4.41 7.99 

Real estate, renting and business activ 11.13 20.75 11.07 20.42 11.09 20.52 

Public administration and defence 6.75 7.67 7.41 7.20 7.19 7.34 

Education 9.28 11.92 11.13 12.69 10.51 12.45 

Health and social work 15.99 11.58 16.05 11.29 16.03 11.38 

Community, social and personal services 3.93 5.92 3.60 4.81 3.71 5.16 

Activities of private households 0.16 0.00 0.12 0.00 0.13 0.00 

Extraterritorial organisations 0.05 0.00 0.01 0.00 0.03 0.00 

Income bands (%)       

Less than £25,000 45.78 22.33 11.44 5.98 23.02 11.09 

£25,000 to £49,999 37.50 38.25 41.95 22.16 40.45 27.19 

£50,000 and over 16.72 39.42 46.62 71.86 36.53 61.72 

Household characteristics       

No. of children in household (mean) 0.55 0.55 0.71 0.87 0.66 0.77 

No. of adults with state pension age (mean) 0.20 0.21 0.07 0.07 0.11 0.11 

No. of vehicles per person with driving licence (mean) 0.62 0.69 0.65 0.66 0.64 0.67 

Local authority population density (mean persons/hectare) 21.11 24.00 16.58 18.52 18.11 20.23 

Rural (%) 14.95 17.92 18.93 23.33 17.59 21.64 

Home tenure (%)       

<2 years 21.08 21.67 18.05 18.37 19.07 19.40 

>3 years, <5 years 18.87 19.42 20.12 21.48 19.70 20.83 

>5 years, <10 years, 18.95 19.58 21.29 24.43 20.50 22.92 

>10 years 22.34 25.33 25.97 26.10 24.74 25.86 

Always lived here 18.77 14.00 14.58 9.62 15.99 10.99 

House is rented 35.55 21.83 18.80 11.63 24.45 14.82 

Government Office Region of residence (%)       

North East Metropolitan 2.38 1.67 2.21 1.44 2.27 1.51 

North East Non-Metropolitan 2.85 1.50 3.12 1.78 3.03 1.69 

North West & Merseyside Metropolitan 7.72 5.67 7.36 5.19 7.48 5.34 

North West & Merseyside Non-Metropolitan 6.01 5.00 6.65 5.00 6.43 5.00 

Yorkshire & Humberside Metropolitan 6.45 5.75 6.65 5.87 6.59 5.83 



Yorkshire & Humberside Non-Metropolitan 3.11 2.17 3.73 2.99 3.52 2.73 

East Midlands 8.47 6.42 9.53 8.22 9.18 7.66 

West Midlands Metropolitan 4.62 2.75 3.96 2.69 4.18 2.71 

West Midlands Non-Metropolitan 5.52 4.00 6.46 4.96 6.14 4.66 

East of England 11.16 12.00 11.73 12.77 11.54 12.53 

Greater London 17.01 22.75 12.18 17.20 13.81 18.93 

South East 15.43 20.92 16.29 22.12 16.00 21.74 

South West 9.26 9.42 10.13 9.77 9.84 9.66 

Government Office Region of workplace (%)       

Does Not Apply 9.32 25.75 9.16 25.91 9.22 25.86 

North East Metropolitan 2.36 1.75 2.41 1.36 2.39 1.48 

North East Non-Metropolitan 2.25 0.67 2.32 0.87 2.29 0.81 

NW & Merseyside Metropolitan 7.03 5.17 6.58 4.62 6.73 4.79 

NW & Merseyside Non-Metropolitan 5.40 3.08 6.02 2.99 5.81 3.02 

Yorkshire & Humberside Metropolitan 5.85 4.25 6.22 4.66 6.09 4.53 

Yorkshire & Humberside Non-Metropolitan 2.86 1.25 3.34 1.82 3.18 1.64 

East Midlands 7.44 3.75 8.24 4.77 7.97 4.45 

West Midlands Metropolitan 4.57 2.00 4.28 2.99 4.37 2.68 

West Midlands Non-Metropolitan 4.69 2.75 5.43 2.58 5.18 2.63 

East of England 9.29 6.58 9.76 7.01 9.60 6.88 

Greater London 16.98 24.83 13.12 19.77 14.42 21.35 

South East 12.89 12.08 13.32 13.83 13.17 13.28 

South West 8.55 5.08 9.27 6.48 9.03 6.04 

Wales 0.26 0.16 0.22 0.19 0.23 0.18 

Scotland Metropolitan 0.02 0.01 0.02 0 0.02 0.02 

Scotland Non-Metropolitan 0.23 0.75 0.29 0.15 0.27 0.34 

No. of individuals in sample 20098 1200 39472 2640 59570 3840 

4. Econometric analysis 

Approach 

Our econometric analysis seeks to identify how the travel patterns of teleworkers differ from those 

of non-teleworkers, while controlling for observed differences between the two groups.  We 

therefore include dummy variables in our models to indicate whether the individual is a medium- 

or high-frequency teleworker.  We organise our approach as follows: 

 We estimate models for two measures of travel, namely: weekly distance travelled ( D  - in 

miles) and weekly number of trips ( T ). 

 For each measure, we estimate models for two categories of travel, namely travel by the 

individual worker ( i ) and travel by all adult members of the household ( l ).   

 For each measure and category, we estimate models for three samples of households, 

namely one-worker, two-worker and all households.   

 For each measure, category and sample we estimate models for four travel purposes ( p ), 

namely: commuting, non-work, total private (the sum of commuting and non-work) and 

business.   



 For each measure, category and sample and purpose, we estimate models for four travel 

modes ( d ), namely car, public transport, active (cycling and walking) and all (the sum of the 

first three).   

This leads to 192 econometric models (96 for individual travel and 96 for household travel). Weekly 

distance travelled is a continuous variable while number of trips is a count variable (i.e. a non-

negative integer).  To reflect this, we specify log-linear models for distance travelled and estimate 

these with OLS, and specify negative binomial models for the number of trips and estimate these 

with maximum likelihood techniques.  We summarise each in turn. 

Weekly distance travelled  

Travel by working individuals 

Following a similar approach to Melo and de Abreu e Silva (2017), we estimate the log of weekly 

distance travelled by the working individuals as a function of S socio-economic and demographic 

variables, R regional variables, the frequency of teleworking and T-1 time controls.  We specify the 

log of weekly distance travelled by working individual i for purpose p using mode d ( ,ln p d

iD ) as 

follows: 

, , , , , , , ,

, ,

1, 1, 2,

ln p d p d p d p d p d p d p d p d

i M i H i s s i r r i t t i

s S r R t T

D TWM TWH X X       
  

          1 

Where iTWM  and iTWH are dummy variables indicating whether individual i is a medium-

frequency or high-frequency teleworker, 
,s iX  is a set of S variables for individual and household 

attributes, 
,r iX is a set of R variables for residential and workplace regions, and t  ( 2,t T ) are 

year dummy variables (reference year 2005).  The reference category ( 0i iTWM TWH  ) is non-

teleworkers.  We take the log of weekly commuting distance as our dependent variable since the 

distribution of distance travelled is negatively skewed.  Following Giles (1982), we estimate the 

percentage change in weekly commuting distance associated with medium- and high-frequency 

teleworking ( ,p d

M  and ,p d

H ) as follows: 

, , ,100* exp 0.5 ( ) 1  p d p d p d

M M MV           2 

, , ,100* exp 0.5 ( ) 1  p d p d p d

H H HV           3 

Where ( )V x  is the variance of x .  



Travel by all adult members of the household 

To capture intra-household effects, we estimate models for the distance travelled by all adult 

members of the household (l).  We estimate these for all three samples, but exclude the 324 

households where both partners are teleworkers.  Here, the dummy variables ( lTWM  and lTWH ) 

indicate whether one member of the household is a medium-or high-frequency teleworker.  For 

these models, we either average or sum the individual attributes over all adult members (e.g. we 

take the average age of adult members and sum the number with a higher degree).  These models 

take the form: 

, , , , , , , ,

, ,

1, 1, 2,

ln p d p d p d p d p d p d p d p d

l M l H l s s l r r l t t l

s S r R t T

D TWM TWH X X       
  

          4 

Weekly number of trips  

We take a similar approach to estimating models for the number of trips ( pd

iT  and pd

lT ). However, 

since the number of trips is a count variable, OLS will provide inefficient, inconsistent and biased 

estimates (Long and Freese, 2006). To address this, we follow Cameron and Trivedi (2013) in 

employing a negative binomial regression.  With this, the probability of observing a specific number 

of trips takes a negative binomial distribution. The conditional mean of this distribution depends 

upon a set of covariates, whose coefficients are estimated using maximum likelihood techniques.  

In the case of the number of trips by the individual worker (i), the conditional mean is: 

,

, ,

, , , , , , ,

1, 1, 2,

, , , ,

exp

p d

i i i s i r i t

p d p d p d p d p d p d p d

M i H i s si r ri t t i

s S r R t T

E T TWM TWH X X

TWM TWH X X
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Taking the log on both sides, we estimate the following model: 

,

, ,

, , , , , , ,

1, 1, 2,

ln , , , ,p d

i i i s i r i t

p d p d p d p d p d p d p d

M i H i s si r ri t t i

s S r R t T
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With this model, the percentage difference in the number of trips associated with medium-and high-

frequency teleworking is given by:  

, ,100*exp 1p d p d

M M       7 

, ,100*exp 1p d p d

H H       8 

Unlike other models used for count variables, such as the Poisson regression, the negative binomial 

model accounts for ‘over-dispersion’ in the dependent variable by estimating a parameter  , which 



measures the level of dispersion.8 We find the negative binomial model to be appropriate since the 

conditional variance of the teleworking coefficients is greater than the conditional mean, suggesting 

the presence of over-dispersion (Table 5). 

Table 5 Conditional mean and variance of number of trips with respect to teleworking (all 

households) 

Teleworking Commuting trips  Non work trips  Total private trips 

 Mean  Variance  Mean  Variance  Mean  Variance 

Non-teleworker 7.94  20.96  10.17  61.47  18.11  62.69 

Medium frequency 6.80  23.92  11.27  65.71  18.07  69.05 

High frequency 5.64  18.05  11.49  84.04  17.13  81.88 

5. Results 

Coefficient estimates 

We present the full results of the econometric analysis in the accompanying Supplementary 

Information 2.  As an illustration, Table 6 summarises the coefficient estimates for total weekly 

distance travelled by individuals for four travel purposes (all household sample).  This illustrates that 

weekly commuting distance tends to be longer for: males; workers from high-income households; 

workers with higher education qualifications; parents; drivers; managers and professionals; workers 

in the construction, transport, financial, real estate and energy sectors; workers who have recently 

moved residence; workers living in rural locations; and workers in Greater London, Wales or 

Scotland.  The coefficients on the time dummies suggest an upward trend in commuting distance 

over time.   

Many of these variables are also associated with greater non-work travel, but there are also some 

differences.  Notably, non-work distance tends to be longer for females, part-time workers, parents, 

and workers in the education and public administration sectors; and tends to be shorter for males 

and people working in Greater London.   

Total private travel is the sum of commuting and non-work travel, so the coefficient estimates lie 

somewhere between the two. Business travel is greatest for people with higher education 

qualifications and higher incomes who work in professional and managerial occupations.  Perhaps 

                                                 
8 Over-dispersion refers to the greater variability of the dependent variable than would be expected from the statistical 

model, usually due to the presence of unobserved heterogeneity. We model overdispersion of the dependent variable with 

respect to the covariates following Long, J.S., Freese, J., 2006. Regression models for categorical dependent variables 

using Stata. Stata press., where 𝑉𝑎𝑟(𝑦𝑖|𝑥) =  𝜇𝑖 + 𝛼𝜇𝑖
2. This is the most frequently used functional form for 

overdispersed count data. When α = 0, the negative binomial regression reduces to a Poisson regression Cameron, A.C., 

Trivedi, P.K., 2013. Regression analysis of count data. Cambridge University Press..  Along with the regression 

coefficients, the results include the ln  coefficient; the asterisks indicate the p value of the Likelihood Ratio test 

performed on the null hypothesis that ln 1   (equivalent to 0  ). Statistically significant values of the ln
coefficient indicate the presence of over-dispersion in the conditional variance.  



because we control for population density and workplace region, the controls for residential region 

are rarely significant.   

Table 6 -Coefficient estimates for individual weekly distance travelled by purpose - all households 

and modes 

Teleworking variables (ref.: non-
teleworking) 

Commuting  Non-work Total Private  Business 

Once or twice a week 0.104*** (0.021) 0.122*** (0.026) 0.112*** (0.015) 0.465*** (0.039) 

Three or more times a week -0.223*** (0.040) 0.028 (0.049) -0.070** (0.030) 0.151** (0.066) 

Individual variables                 

Age -0.001 (0.001) -0.002** (0.001) -0.001** (0.000) 0.005*** (0.001) 

Female -0.347*** (0.010) 0.086*** (0.013) -0.151*** (0.008) -0.206*** (0.015) 

Higher Education 0.076*** (0.012) 0.138*** (0.015) 0.104*** (0.009) 0.273*** (0.019) 

Self-Employed -0.228*** (0.018) -0.066*** (0.023) -0.109*** (0.014) -0.015 (0.028) 

Part time -0.470*** (0.011) 0.376*** (0.014) -0.032*** (0.009) -0.130*** (0.014) 

Income (ref.: First quintile)                 

2nd income quintile -0.012 (0.018) 0.136*** (0.025) 0.076*** (0.015) -0.008 (0.021) 

3rd income quintile 0.008 (0.017) 0.193*** (0.023) 0.108*** (0.014) -0.011 (0.020) 

4th income quintile 0.052*** (0.017) 0.248*** (0.023) 0.159*** (0.014) 0.050** (0.021) 

5th income quintile 0.119*** (0.018) 0.294*** (0.024) 0.221*** (0.015) 0.190*** (0.024) 

Household variables                  

Number of children 0.014** (0.005) 0.128*** (0.007) 0.074*** (0.004) 0.045*** (0.007) 

Number of members of pensionable age -0.025** (0.012) -0.011 (0.016) -0.025*** (0.009) -0.089*** (0.016) 

Number of driving licences per vehicle 0.310*** (0.014) 0.506*** (0.019) 0.388*** (0.011) 0.205*** (0.019) 

Occupations (ref.: managers and senior 
officials) 

                

Professional occupations 0.026 (0.016) 0.070*** (0.021) 0.043*** (0.012) -0.235*** (0.029) 

Associate professional and technical -0.003 (0.015) 0.039** (0.019) 0.004 (0.011) -0.261*** (0.026) 

Administrative and secretarial -0.106*** (0.016) -0.010 (0.021) -0.073*** (0.013) -0.673*** (0.023) 

Skilled trades -0.102*** (0.019) -0.212*** (0.026) -0.134*** (0.015) -0.729*** (0.028) 

Personal service -0.278*** (0.020) -0.092*** (0.025) -0.176*** (0.016) -0.473*** (0.028) 

Sales and customer service -0.311*** (0.022) -0.154*** (0.030) -0.232*** (0.018) -0.509*** (0.028) 

Process, plant and machine operatives -0.164*** (0.020) -0.332*** (0.027) -0.218*** (0.015) -0.832*** (0.026) 

Elementary -0.257*** (0.018) -0.336*** (0.024) -0.302*** (0.014) -0.680*** (0.023) 

Industry (ref.: Manufacturing)                 

Electricity, gas and water supply 0.159*** (0.038) -0.084 (0.052) 0.083*** (0.028) 0.278*** (0.065) 

Construction 0.265*** (0.024) -0.233*** (0.032) 0.119*** (0.018) 0.276*** (0.039) 

Wholesale and retail -0.112*** (0.018) -0.226*** (0.023) -0.130*** (0.014) -0.003 (0.024) 

Hotels and restaurants -0.109*** (0.025) -0.254*** (0.033) -0.141*** (0.020) 0.097*** (0.029) 

Transport, storage, information & 
communication 

0.063*** (0.018) -0.028 (0.024) 0.044*** (0.014) -0.032 (0.026) 

Financial intermediation and insurance 0.069*** (0.022) -0.072** (0.030) 0.031* (0.017) -0.009 (0.036) 

Real estate, renting and business service 0.006 (0.018) -0.054** (0.023) -0.005 (0.013) 0.234*** (0.028) 

Public administration; defence; social security -0.065*** (0.020) 0.016 (0.026) -0.014 (0.015) 0.194*** (0.031) 

Education -0.308*** (0.019) 0.002 (0.024) -0.131*** (0.015) -0.004 (0.028) 

Health and social work -0.177*** (0.017) -0.100*** (0.022) -0.121*** (0.013) 0.266*** (0.026) 

Community, social and personal services -0.196*** (0.026) -0.051 (0.033) -0.098*** (0.020) 0.202*** (0.036) 

Activities of private households -0.019 (0.129) 0.080 (0.122) 0.011 (0.090) 0.517*** (0.173) 

Extraterritorial organisations -0.242 (0.207) -0.274 (0.534) -0.148 (0.227) 0.168 (0.447) 

Home tenure                 

Rents house -0.095*** (0.011) -0.243*** (0.016) -0.149*** (0.009) -0.078*** (0.015) 



Rural 0.265*** (0.012) 0.283*** (0.015) 0.263*** (0.009) 0.099*** (0.018) 

Length of residence (ref: less than 2 years)                 

More than 2 years and less than 5 years -0.015 (0.014) -0.031* (0.018) -0.026** (0.011) -0.022 (0.020) 

More than 5 years and less than 10 years -0.051*** (0.014) -0.065*** (0.019) -0.065*** (0.011) 0.000 (0.021) 

More than 10 years -0.083*** (0.015) -0.040** (0.019) -0.075*** (0.011) 0.022 (0.021) 

Always lived here -0.164*** (0.017) -0.086*** (0.023) -0.134*** (0.013) -0.048** (0.024) 

Living area population density -0.006*** (0.000) -0.005*** (0.000) -0.006*** (0.000) -0.001** (0.000) 

Year dummies (ref.: 2005)                 

Year: 2006 0.030 (0.021) 0.018 (0.026) 0.024 (0.016) -0.082** (0.032) 

Year: 2007 0.046** (0.021) -0.059** (0.027) 0.001 (0.016) -0.076** (0.032) 

Year: 2008 0.018 (0.021) -0.054** (0.027) -0.026 (0.016) -0.146*** (0.032) 

Year: 2009 0.017 (0.021) -0.061** (0.027) -0.023 (0.016) -0.190*** (0.032) 

Year: 2010 0.034 (0.021) -0.096*** (0.028) -0.025 (0.017) -0.233*** (0.032) 

Year: 2011 0.026 (0.022) -0.085*** (0.028) -0.022 (0.017) -0.243*** (0.032) 

Year: 2012 0.014 (0.022) -0.059** (0.028) -0.018 (0.017) -0.238*** (0.032) 

Year: 2013 0.030 (0.022) -0.144*** (0.028) -0.056*** (0.017) -0.237*** (0.032) 

Year: 2014 0.062*** (0.022) -0.119*** (0.028) -0.012 (0.017) -0.208*** (0.033) 

Year: 2015 0.099*** (0.022) -0.185*** (0.029) -0.026 (0.017) -0.238*** (0.033) 

Year: 2016 0.079*** (0.022) -0.165*** (0.029) -0.023 (0.017) -0.235*** (0.033) 

Year: 2017 0.100*** (0.023) -0.153*** (0.030) 0.005 (0.018) -0.203*** (0.034) 

Year: 2018 0.058** (0.024) -0.148*** (0.031) -0.024 (0.018) -0.271*** (0.033) 

Year: 2019 0.051** (0.023) -0.184*** (0.031) -0.037** (0.018) -0.282*** (0.033) 

Work GOR (ref. DNA)                 

North East Metropolitan 0.016 (0.060) -0.091 (0.080) -0.124*** (0.046) -0.831*** (0.102) 

North East Non-Metropolitan -0.327*** (0.062) 0.006 (0.072) -0.237*** (0.045) -0.809*** (0.096) 

NW & Merseyside Metropolitan 0.037 (0.038) -0.041 (0.046) -0.063** (0.028) -0.837*** (0.062) 

NW & Merseyside Non-Metropolitan -0.069* (0.038) 0.088* (0.046) -0.045 (0.028) -0.903*** (0.061) 

Yorkshire & Humberside Metropolitan 0.004 (0.041) -0.062 (0.048) -0.048 (0.030) -0.755*** (0.068) 

Yorkshire & Humberside Non-Metropolitan -0.110** (0.051) -0.087 (0.062) -0.109*** (0.038) -0.790*** (0.081) 

East Midlands -0.230*** (0.035) -0.070* (0.041) -0.175*** (0.026) -0.848*** (0.058) 

West Midlands Metropolitan 0.104** (0.042) -0.026 (0.051) -0.019 (0.030) -0.908*** (0.071) 

West Midlands Non-Metropolitan -0.119*** (0.038) 0.083* (0.044) -0.081*** (0.027) -0.915*** (0.060) 

East of England -0.160*** (0.031) 0.071* (0.037) -0.115*** (0.022) -0.559*** (0.047) 

Greater London 0.487*** (0.024) -0.058* (0.031) 0.220*** (0.018) -0.698*** (0.039) 

South East -0.071*** (0.026) 0.002 (0.031) -0.082*** (0.019) -0.672*** (0.041) 

South West -0.135*** (0.036) 0.000 (0.041) -0.144*** (0.026) -0.877*** (0.057) 

Wales 0.398*** (0.090) -0.031 (0.109) 0.179*** (0.062) -0.811*** (0.134) 

Scotland Metropolitan 0.688*** (0.214) 0.211 (0.277) 0.395** (0.157) -0.600** (0.293) 

Scotland Non-Metropolitan 0.238*** (0.088) -0.127 (0.103) 0.082 (0.060) -0.767*** (0.106) 

Residence GOR (ref.: North East 
Metropolitan) 

                

North East Non-Metropolitan 0.268*** (0.049) 0.062 (0.066) 0.190*** (0.036) 0.068 (0.078) 

North West & Merseyside Metropolitan 0.019 (0.069) -0.002 (0.088) 0.013 (0.052) 0.012 (0.113) 

North West & Merseyside Non-Metropolitan -0.068 (0.069) -0.037 (0.087) -0.048 (0.052) 0.116 (0.113) 

Yorkshire & Humberside Metropolitan -0.066 (0.071) 0.155* (0.089) -0.018 (0.053) -0.009 (0.117) 

Yorkshire & Humberside Non-Metropolitan -0.028 (0.075) 0.136 (0.094) 0.019 (0.056) 0.024 (0.123) 

East Midlands 0.149** (0.068) 0.152* (0.086) 0.121** (0.051) 0.078 (0.113) 

West Midlands Metropolitan -0.009 (0.073) 0.080 (0.091) 0.039 (0.054) 0.114 (0.120) 

West Midlands Non-Metropolitan 0.007 (0.069) 0.061 (0.087) 0.041 (0.051) 0.148 (0.114) 

East of England 0.180*** (0.066) 0.073 (0.084) 0.159*** (0.049) -0.199* (0.107) 



Greater London 0.009 (0.065) -0.078 (0.084) -0.028 (0.049) -0.237** (0.106) 

South East 0.086 (0.064) 0.096 (0.082) 0.102** (0.048) -0.111 (0.105) 

South West -0.041 (0.068) 0.078 (0.086) 0.044 (0.051) 0.136 (0.112) 

Observations 63,410 63,410 63,410 63,410 

Adj R-squared 0.218 0.123 0.197 0.126 

F-Stat 230.6 106.5 190.3 87.96 

Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1 

We are primarily interested in how the travel patterns of medium-and high-frequency teleworkers 

differ from those of non-teleworkers - given in percentage terms by the values of: ,p d

M , ,p d

H  

,p d

M  and ,p d

H .  The following sections summarise these results for commuter travel, non-work 

travel, total private travel and business travel respectively.  The specific results vary between one-

worker and two-worker households and between different modes.  However, our main findings are 

as follows: 

 The majority of teleworkers travel farther for commuting each week than non-teleworkers, 

despite taking fewer trips.   

 The majority of teleworkers travel farther for non-work purposes each week than non-

teleworkers. 

 The total private travel of all household members is greater in households where one 

member is teleworking. 

 The majority of teleworkers travel farther for business each week than non-teleworkers. 

The following describes these results in detail, together with the results of some robustness tests. 

Commuter travel 

Figure 5 and Table 7 summarise our estimates of the mean percentage difference in weekly 

commuter travel between teleworkers and non-teleworkers after controlling for relevant variables. 

Table 7 presents these results for our two measures ( D  and T ), two categories ( i  and l ), four 

modes ( d ) and six samples of households.  Table entries in bold indicate that the coefficient 

estimates are significant at the 5% level.9   

Looking first at the results for individuals and all modes (Figure 5), we see that medium-frequency 

teleworkers take 14.9% fewer commute trips than non-teleworkers, while high-frequency 

teleworkers take 25.3% fewer trips.  However, the former commute 10.9% farther each week than 

                                                 
9 See the Supplementary Information for goodness of fit measures (Adj R2) for each model.  Most are reasonable (e.g. 0.1 

to 0.3) and tend to be better for the commuting and total private models than for the non-work models.  The models with 

poorest fit (e.g. 0.06) are for non-work travel by public transport and active modes. 



non-teleworkers, while the latter commute 20% less far.  This indicates that, on average, both 

medium-and high-frequency teleworkers have longer one-way commute distances - and for 

medium-frequency teleworkers, this extra distance more than offsets the weekly travel savings from 

fewer commutes.  However, the association between teleworking and commuter travel varies with 

mode (Table 7, columns 2-3).  Teleworking is negatively associated with commuting by car (both 

trips and distance), but medium-frequency teleworking is positively associated with commuting by 

public transport.   

The results for individuals in one-worker and two-worker households (Table 7, columns 4-5 and 6-

7) are similar to those for all households, but teleworking has a stronger negative association with 

commuter travel for two-worker households.   

The results for total commuter travel by all adult members of the household (bottom half of Table 

7) suggest that households with teleworkers take fewer commuter trips overall, but the percentage 

difference is less than for the teleworkers themselves.  We would expect this result if there were no 

intra-household effects. At the same time, the difference in total weekly commuting distance for 

households with medium-frequency teleworkers is larger than that for the teleworkers themselves.  

This result suggests that intra-household effects further offset the benefits of fewer commutes by 

medium-frequency teleworkers.   

Our estimates for weekly commuting distance for households with high-frequency teleworkers are 

insignificant.  This may be because the travel savings are a small fraction of total household 

commute distance and hence hard to identify with the number of observations in this category, or 

it may be because intra-household effects offset those savings.  Consequently, we cannot conclude 

that high-frequency teleworking is associated with less weekly commuting distance by the 

household as a whole.  However, it is associated with fewer commuting trips.  



Figure 5 Percentage difference in weekly commuter travel between teleworkers and non-teleworkers 

- all households and all modes 

 
Note: Only shows estimates that are significant at the 5% level 

Table 7 Percentage difference in weekly commuter travel between teleworkers and non-teleworkers  

 All households One-worker Two-worker 

 Med High Med High Med High 

Individual distance travelled  

All 10.94 -20.05 10.66 -14.64 11.26 -22.37 
Car -7.82 -23.54 -9.21 -18.91 -7.00 -25.40 
Public transport 30.80 -1.51 31.83 3.75 30.65 -4.18 
Active travel -0.41 -1.92 1.66 -4.80 -1.31 -0.85 

Individual number of trips 
All -14.93 -25.34 -12.77 -21.59 -15.71 -27.26 
Car -23.61 -26.98 -25.11 -20.93 -22.92 -29.66 
Public transport 24.86 -28.78 46.73 -11.48 16.32 -39.77 
Active travel 4.33 -10.27 14.01 -26.92 1.12 -1.99 

Household distance travelled 
All 18.97 -8.34 14.94 -12.59 17.19 -5.60 
Car 4.96 -11.24 -7.39 -14.50 7.06 -10.43 
Public transport 41.22 3.33 36.45 9.52 44.57 -0.99 
Active travel 0.28 -3.80 0.04 -8.66 0.16 -0.74 

Household number of trips 
All -5.41 -15.57 -13.15 -19.79 -4.44 -14.09 
Car -11.54 -17.24 -26.18 -18.25 -8.36 -17.98 
Public transport 35.54 -12.02 39.36 -5.95 33.63 -17.87 
Active travel 7.30 -13.21 8.38 -26.33 5.82 -4.19 

Note: Figures in bold indicate estimates that are significant at the 5% level 

Non-work travel 

Figure 6 and Table 8 summarise our estimates of the mean percentage difference in weekly non-

work travel between teleworkers and non-teleworkers.  These show that teleworking is associated 

with more non-work travel by both the teleworker and the household as a whole.  However, few of 

the estimates for high-frequency teleworkers are significant.   



Looking at the results for all individuals and all modes (Figure 6), we see that both medium-and high-

frequency teleworkers take ~7.8% more non-work trips each week than non-teleworkers, and that 

medium-frequency teleworkers travel 12.9% farther each week (the estimate for high-frequency 

teleworkers is not significant). Teleworkers therefore engage in more non-work travel, which offsets 

some of the savings from fewer commutes.  Proportionately more of these additional trips are by 

public transport and active modes, and proportionately fewer of them are by car (Table 8, columns 

2-3).  Nevertheless, both medium- and high-frequency teleworkers take ~7% more car trips for non-

work purposes, and medium-frequency teleworkers also travel ~8% further by car. 

The results further suggest that the positive association between teleworking and non-work travel 

is stronger for individuals in one-worker households than for those in two-worker households (Table 

8, columns 4-7).  This may reflect a substitution of trips in the latter and a more effective division of 

household tasks between household members. 

We see a similar pattern for the total non-work travel by all household members (bottom half of 

Table 8).  For households with medium-frequency teleworkers, the percentage difference in non-

work travel by all household members is comparable to that for teleworkers themselves.  However, 

there is a proportionately larger difference in travel by public transport and a proportionately 

smaller difference in travel by active modes.  These results suggest the presence of intra-household 

effects: if there were no association between teleworking and the travel patterns of other 

household members, the percentage difference in household travel patterns would be smaller than 

that for the teleworker. For households with high-frequency teleworkers relatively few of the 

coefficients are significant. The main finding is a +11% difference in the distance travelled by active 

modes.  Since this is a larger difference than for the teleworkers themselves (+ 8.7%), it indicates 

the presence of intra-household effects for these modes.   



Figure 6 Percentage difference in weekly non-work travel between teleworkers and non-teleworkers 

- all households and all modes 

 
Note: Only shows estimates that are significant at the 5% level 

Table 8 Percentage difference in weekly non-work travel between teleworkers and non-teleworkers 

 All households One-worker Two-worker 

 Med High Med High Med High 

Individual distance travelled  

All 12.94 2.72 17.69 -10.98 11.02 10.33 
Car 7.96 2.68 10.92 -12.66 7.30 11.85 
Public transport 12.94 2.72 11.17 -10.19 8.72 -1.10 
Active travel 5.75 8.71 4.87 8.82 5.95 7.61 

Individual number of trips 
All 7.82 7.41 8.35 -3.17 7.54 12.26 
Car 7.04 6.91 6.29 -5.92 7.78 12.97 
Public transport 13.90 -6.65 15.90 -14.16 11.79 -2.91 
Active travel 17.29 23.87 16.43 33.57 16.74 16.92 

Household distance travelled 
All 13.62 -4.44 22.89 -17.20 6.45 6.66 
Car 7.64 -2.36 14.19 -17.08 1.45 10.62 
Public transport 17.87 -0.19 18.22 -10.87 19.00 8.94 
Active travel 6.05 5.14 7.93 6.47 5.82 4.23 

Household number of trips 
All 7.44 1.05 11.89 -5.52 4.14 5.67 
Car 5.45 -0.84 8.26 -9.12 3.03 4.46 
Public transport 17.01 8.55 16.51 -0.35 17.10 13.96 
Active travel 12.34 10.95 17.85 16.90 9.70 6.74 

Note: Figures in bold indicate estimates that are significant at the 5% level 

Total private travel 

Figure 7 and Table 9 and summarise our estimates of the mean percentage difference in total 

private travel between teleworkers and non-teleworkers - which is the net result of the differences 

in commuter and non-work travel summarised above.   



Looking at the results for all individuals and all modes (Figure 7), we see that high-frequency 

teleworkers take 2.5% fewer trips overall than non-teleworkers, and medium-frequency 

teleworkers take 6.2% fewer trips.  This suggests that avoided commuting trips (Table 7) more than 

compensate for additional non-work trips (Table 8) for both medium- and high-frequency 

teleworkers.  High-frequency teleworkers also travel 6.8% less distance each week than non-

teleworkers, suggesting that fewer commutes compensate for both longer commutes and 

additional non-work travel.  However, medium-frequency teleworkers travel 11.8% farther each 

week, despite taking fewer trips. For these individuals, the rebound effects from teleworking exceed 

100%. 

The association between teleworking and travel varies by mode (Table 9, columns 2-3).  There is a 

strong positive association between medium-frequency teleworking and travel by public transport, 

but no significant association with car travel.  In contrast, for high-frequency teleworkers, the 

negative association with car travel is significant and greater in magnitude than the negative 

association with travel by all modes.  These differences suggest that teleworking may potentially be 

associated with less energy use and emissions even when it is associated with more travel distance. 

The results for one-worker and two-worker households are similar to those for all households 

combined, although fewer of these estimates are significant (Table 9, columns 4-7).  Again, a major 

finding is that medium-frequency teleworkers travel further by public transport than non-

teleworkers. 

Looking at total household travel (bottom half of Table 9), we find that households with medium-

frequency teleworkers travel 15.9% farther than households with no teleworkers - with larger 

differences in travel by public transport (+46.5%) than by car (+7.3%).  Weekly travel distance in 

households with high-frequency teleworkers is not significantly different from that in households 

with no teleworkers.  Again, this may be because the savings from reduced commuting by the 

teleworker are a small fraction of household travel (and hence hard to identify), or it may be because 

these savings are eroded by intra-household effects. 

Overall, our results suggest a ‘tipping point’ for the impact of teleworking on private travel 

(commuting and non-work combined).  People who work from home three or more times a week 

travel less distance than non-teleworkers, while people who work from home once or twice a week 

travel farther.  Since the latter outnumber the former by 4:1 in our dataset, the majority of 

teleworkers travel farther.  Hence, after controlling for a range of variables, we conclude that, on 



average, teleworkers travel farther each week than non-teleworkers, even though they take fewer 

trips.   

Our results also suggest that intra-household effects amplify the rebound in individual travel 

distance.  This is because, first, medium-frequency teleworking is associated with a larger difference 

in household travel distance than individual travel distance; and second, there is no significant 

association between high-frequency teleworking and overall household travel.  Hence, after 

controlling for a range of variables, we conclude that the total weekly travel of all household 

members is greater in households where one member is teleworking.  Taken together, these 

results suggest that, for the majority of teleworkers in England, a combination of residential 

relocation, induced non-work travel and intra-household effects offset the benefits of fewer 

commutes. 

Figure 7  Percentage difference in weekly total private travel between teleworkers and non-

teleworkers - all households and all modes  

 
Note: Only shows estimates that are significant at the 5% level 

  



Table 9 Percentage difference in weekly total private travel between teleworkers and non-teleworkers  

 All households One-worker Two-worker 

 Med High Med High Med High 

Individual distance travelled  

All 11.84 -6.80 12.93 -8.18 11.61 -5.79 
Car 1.79 -9.44 1.90 -13.84 2.39 -6.62 
Public transport 35.18 -0.84 31.40 -0.19 36.92 -1.89 
Active travel 4.69 6.75 5.69 5.44 4.05 6.30 

Individual number of trips 
All -2.50 -6.22 -1.67 -10.56 -2.79 -4.21 
Car -4.44 -5.11 -6.36 -11.10 -3.46 -2.14 
Public transport 18.68 -20.62 27.98 -10.63 14.42 -28.79 
Active travel 9.98 5.71 15.09 5.63 7.42 5.50 

Household distance travelled 
All 15.94 -1.44 18.25 -5.59 12.05 1.84 
Car 7.32 -1.62 4.59 -8.84 5.82 3.93 
Public transport 46.53 3.48 40.01 3.03 52.25 4.19 
Active travel 5.09 1.40 5.77 0.74 4.96 1.42 

Household number of trips 
All 3.18 -4.64 3.70 -10.34 1.37 -1.16 
Car 0.65 -5.30 -1.83 -10.86 0.11 -2.01 
Public transport 22.53 -2.54 25.10 -4.63 20.96 -2.56 
Active travel 8.96 -0.47 12.70 -3.11 6.64 1.11 

Note: Figures in bold indicate estimates that are significant at the 5% level 

Business travel 

Table 10 and Figure 8 summarise our estimates of the mean percentage difference in weekly 

business travel between teleworkers and non-teleworkers.  These demonstrate a strong association 

between teleworking and business travel for all types of households and for all modes.  For example, 

after controlling for a range of variables, medium-frequency teleworkers travel 68.5% farther for 

business than non-teleworkers, and high-frequency teleworkers travel 47% farther.  These 

differences are larger than those found for private travel and are consistent with the findings of Zhu 

and Mason (2014) for US teleworkers. However, the reason for this association is unclear.   

One possible explanation is that unobserved differences between teleworking and non-teleworking 

households correlate with business travel as defined by the NTS (Figure 1).  For example, each NTS 

occupational category encompasses a variety of job types, and it is possible that the types of workers 

who engage in more business travel will also engage in more teleworking.  Another possibility is that 

the inclusion in our sample of self-employed workers and/or respondents without a usual place of 

work leads to bias.  However, robustness checks (reported below) indicate that this is not the case.  

A third possibility is that inconsistencies in the NTS classification of business travel correlate with 

the frequency of teleworking.  These and other possible explanations deserve further research. 

Nevertheless, the results for business travel amplify and reinforce the conclusion of the preceding 

section: namely, that teleworkers travel farther each week than non-teleworkers. 



Figure 8 Percentage difference in weekly business travel between teleworkers and non-teleworkers - 

all households and all modes 

 
 

Table 10 Percentage difference in weekly business travel between teleworkers and non-teleworkers - 

all households and all modes 

 All households One-worker Two-worker 

 Med High Med High Med High 

Individual distance travelled  

All 68.51 47.01 57.67 26.61 67.87 60.61 
Car 54.19 39.50 41.18 20.78 55.63 51.21 
Public transport 18.11 4.67 13.54 8.12 20.33 2.18 
Active travel 3.56 3.13 4.80 1.18 2.73 4.56 

Individual number of trips 
All 46.14 24.48 36.69 24.92 51.04 29.27 
Car 36.51 23.48 26.96 16.17 41.29 32.04 
Public transport 99.70 10.40 66.58 53.49 119.41 -4.45 
Active travel 54.58 33.78 62.96 19.16 40.90 52.85 

Household distance travelled 
All 68.51 47.01 57.67 26.61 67.87 60.61 
Car 54.19 39.50 41.18 20.78 55.63 51.21 
Public transport 18.11 4.67 13.54 8.12 20.33 2.18 
Active travel 3.56 3.13 4.80 1.18 2.73 4.56 

Household number of trips 
All 46.14 24.48 36.69 24.92 51.04 29.27 
Car 36.51 23.48 26.96 16.17 41.29 32.04 
Public transport 99.70 10.40 66.58 53.49 119.41 -4.45 
Active travel 54.58 33.78 62.96 19.16 40.90 52.85 

Note: Figures in bold indicate estimates that are significant at the 5% level 

Robustness checks 

To test the robustness of our results, we estimated the models excluding the 10.2% of respondents 

with no ‘usual place of work’ – noting that teleworkers are twice as likely as non-teleworkers to fall 

into this category (Table 11).  As indicated in Supplementary Information 3, we find the results to 



be broadly consistent with those presented above.  The coefficient estimates have a slightly larger 

variance and minor differences in magnitude, but there are no major change in sign and significance.  

To illustrate, Table 12 compares the estimates for individual distance travelled for the two samples.  

We also estimated the models excluding the 8.4% of respondents who are self-employed, and again 

found broadly consistent estimates (see Supplementary Information 3 and Table 13).  We therefore 

conclude that our results are robust to the exclusion of both of these categories. 

For the full sample, we also estimated models for one-way commute distance.  Consistent with the 

above, we found that medium frequency (high frequency) teleworkers live an average of 7.6 miles 

(4.2 miles) further from their place of work then non-teleworkers (see Supplementary Information 

3).  Hence, while commute distances are longer for teleworkers, we do not observe a positive 

association with teleworking frequency. 

Table 11 Classification of sample by workplace location 

Work place location Non teleworkers Teleworkers Total 

NA 22 0 22 

Same place 50,096 2,005 52,101 

Same place on at least 2 consecutive days 3,980 842 4,822 

Different places 4,847 993 5,840 

Home / same building 625 0 625 

Total 59,570 3,840 63,410 

Table 12 Percentage difference in individual distance travelled, all households - including and 

excluding respondents without a usual place of work 

 Commuter Non-work Total private Business 

 Include Exclude Include Exclude Include Exclude Include Exclude 

All 10.94 11.49 12.94 12.82 11.84 13.07 68.51 47.86 

Car -7.82 -9.02 7.96 8.38 1.79 3.21 54.19 34.62 

Public  30.8 34.10 12.94 9.70 35.18 37.48 18.11 16.60 

Active -0.41 -1.41 5.75 5.85 4.69 3.85 3.56 2.84 

Table 13 Percentage difference in individual distance travelled, all households - including and 

excluding self-employed respondents  

 Commuter Non-work Total private Business 

 Include Exclude Include Exclude Include Exclude Include Exclude 

All 10.94 12.49 12.94 10.81 11.84 11.95 68.51 57.63 

Car -7.82 -9.84 7.96 4.87 1.79 -0.34 54.19 40.96 

Public  30.8 37.63 12.94 10.47 35.18 42.52 18.11 20.03 

Active -0.41 -0.22 5.75 7.13 4.69 6.05 3.56 2.84 

6. Conclusions 

Our results lead to three important conclusions.  First, considering private travel (commuting + non-

work) alone, we find that the majority of teleworkers travel farther each week than non-

teleworkers, despite taking fewer trips.  Confirming and updating the earlier results of Melo and de 



Abreu e Silva (2017) and de Abreu e Silva and Melo (2018), we find that this additional travel results 

from a combination of greater distances between home and workplace and additional travel for 

non-work purposes.  However, there appears to be a ‘tipping point’: people whom telework three 

or more times a week travel ~7% less distance each week than non-teleworkers.  

Second, we find that the weekly private travel of all household members combined is greater in 

households where one member is teleworking. Confirming the results of Kim et al. (2015) and de 

Abreu e Silva and Melo (2018), we find that teleworking influences the travel patterns of other 

household members.  Whilst we cannot pinpoint the precise mechanisms, their net effect is to erode 

the travel savings from teleworking. 

Third, we find that the majority of teleworkers travel farther for business each week than non-

teleworkers.  Confirming the results of Zhu and Mason (2014), we find a large and positive 

association between teleworking and business travel that has hitherto been overlooked.  The 

reasons for this association are unclear and deserve further research.  Nevertheless, the net effect 

is to amplify the difference between the travel patterns of teleworkers and non-teleworkers. 

While high-frequency teleworking (three or more times a week) is associated with marginally less 

private travel, the aggregate savings in weekly distance travelled are likely to be small.10 Moreover, 

those savings are not significant at the level of the household as a whole and are more than offset 

by additional private travel by the larger group of medium-frequency teleworkers.  This suggests 

that teleworking has made little contribution to sustainable travel in England over the last 15 

years.  

There are important caveats to this conclusion, however.  First, our results may be sensitive to the 

definitions and assumptions described in Section 2.  These include our exclusion of zero-commute 

households from the sample and our inclusion of infrequent teleworkers in the reference category 

of non-teleworkers.  Further work should explore these issues, together with the implications of the 

NTS classification of ‘chained’ trips, the variation in teleworking between different occupational 

categories and the relationship between teleworking and business travel.   

Second, teleworking may be associated with reductions in travel-related energy use and emissions 

even when it is associated with more travel distance.  This is because teleworking has different 

                                                 
10 Assume, for illustration, that private travel accounted for ~90% of English passenger kilometres in 2019 (Figure 3), 

1.1% of English workers teleworked three or more times a week (Figure 2), each travelled 7% less distance than non-

teleworkers (Figure 7), workers accounted for all passenger kilometres and there was no travel at weekends.  Then 

working from home three or more times a week in 2019 would have led to a ~0.05% reduction in English passenger 

kilometres, 



associations with travel by different modes. For example, most of the travel savings associated with 

high-frequency teleworking relate to travel by car, while most of the additional travel associated 

with medium-frequency teleworking relate to travel by public transport.  We therefore recommend 

that further work integrate vehicle emission factors and load factors into the NTS database and use 

these to estimate the carbon emissions associated with household travel - building upon the NTS 

data on vehicle size and fuel type for car-owning households (Mattioli and Anable, 2017).  An 

important extension to this work would be to estimate the energy use and emissions associated 

with homes and workplaces, since these will be influenced by the changes in occupancy induced by 

teleworking (O'Brien and Aliabadi, 2020). 

Third, while we have found significant associations between teleworking and travel patterns, we 

have not demonstrated a causal relationship.  The differences in travel patterns between 

teleworkers and non-teleworkers may arise from unobserved differences between the two groups, 

rather than from teleworking per se. This is particularly the case for business travel where the 

reasons for the associations are unclear. There is also a risk of bias since we have not controlled for 

any endogenous relationships between residential location, workplace location and the frequency 

of teleworking.  This is analogous to the debate on residential self-selection, where it is unclear 

whether factors such as residential density, diversity and design lead to sustainable urban travel 

(Ewing and Cervero, 2010), or whether people with preferences for sustainable travel choose to live 

in high-density urban areas (Cao et al., 2009).  In both cases, the causal mechanisms may act in both 

directions.  This best way to address this is through using panel data, but this is not available for 

England.  A promising alternative approach is to estimate a structural equation model from NTS 

data, building upon the work of Jahanshahi et al. (2015) and others -  again, a priority for further 

research.   

Fourth, the patterns observed in the past 15 years are unlikely to be a good guide to the future.  The 

2020-21 global pandemic has led to such a dramatic change in working patterns that longer-term 

reductions in commuting travel appear likely.  A much larger group of people now work from home 

most or all of the time, and a large proportion of these may continue to do so after the pandemic 

has eased.  The ‘new teleworkers’ are much more diverse in terms of their socio-economic and 

demographic characteristics, are more likely to telework three or more times a week, and (at least 

in the short-term) are less likely to live further from their workplace than non-teleworkers.  In these 

circumstances, we may expect much larger savings in commuter and total travel.  These ‘new 

teleworkers’ may take more non-work trips, but the environmental impacts of those trips will 

depend upon the choice of mode and the associated distance.  A key lesson from our study, 



therefore, is the need to discourage residential relocation to areas of low population density that 

are further from the individual’s place of work and lead to greater car dependence.  Unfortunately, 

trends in the UK housing market during 2020/21 suggest the opposite, with prices in rural areas 

increasing faster than elsewhere (ONS, 2021). 

Finally, the environmental benefits of teleworking are contingent upon broader developments in 

sustainable travel and land use planning. While greater adoption of teleworking seems likely to 

increase the number of non-work trips, the impact on non-work distance travelled will depend upon 

the accessibility of non-work destinations and the relative cost and convenience of different modes.  

The lesson for public policy is to encourage in high-density, mixed-use neighbourhoods where a 

variety of destinations are readily accessible through walking, cycling and public transport.  This will 

help maximise the environmental benefits of teleworking, whilst at the same time facilitating the 

broader shift to sustainable travel. 
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