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Abstract

Residents of urban areas, and particularly urban cores, have higher levels of long-distance travel activity and related emis-
sions, mostly on account of greater frequency of air travel. This relationship typically remains after controlling for basic
socio-economic correlates of long-distance travel. There is an ongoing debate in the literature about what causes this asso-
ciation, and whether it calls into question urban densification strategies. Understanding this is important from a climate
policy perspective. In this article, we investigate the role of three factors: i) access to airports; ii) the concentration of peo-
ple with migration background and/or geographically dispersed social networks in urban areas; and iii) greater air travel
by urban residents without cars (‘rebound effect’). We use representative survey data for the UK including information on
respondents’ air travel frequency for private purposes and derive estimates of greenhouse gas emissions. The dataset also
includes detailed information on migration generation, residential location of close family and friends, car ownership and
use, as well as low-level geographical identifiers. The findings of regression analysis show that Greater London residents
stand out in terms of emissions from air travel. Airport accessibility, migration background, and dispersion of social net-
works each explain part of this association, whereas we find no evidence of a rebound effect. However, proximity to town
centres remains associated with higher emissions after accounting for these issues, indicating that this association is due
to other factors than those considered here. We conclude by discussing implications for urban and climate policy, as well
as future research.
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1. Introduction

Climate change mitigation in the transport sector is par-
ticularly challenging, due to ever-increasing levels of
travel activity, which tend to offset improvements in
the energy efficiency and carbon intensity of vehicles.
This trend is particularly pronounced for aviation, where

emissions have increased rapidly, and technological solu-
tions are in short supply.

There is a long tradition of urban and transport
planning research arguing that large, compact cities are
better placed to reduce carbon emissions and other
negative environmental impacts from transport. Most
of this literature, however, refers to everyday travel
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and specifically to lower levels of car use in dense
urban areas. Yet, an emerging body of research shows
that levels of long-distance travel are higher in large
cities and urban cores, which can offset lower emis-
sions from everyday travel. Czepkiewicz, Heinonen, and
Ottelin (2018) review this literature, and find that this
is mostly due to urban residents travelling more interna-
tionally by air, and that the association cannot be entirely
accounted for by basic differences in socio-economic
composition (e.g., higher income and education).

As a result, there is an ongoing debate about what
other factors are responsible for greater levels of long-
distance travel, and notably air travel, among urban res-
idents. Several hypotheses have been put forward to
explain this association, although only scant evidence
exists to support them (as discussed in Section 2). Some
posit the existence of a direct link between built environ-
ment characteristics and greater levels of long-distance
travel. This, if confirmed, would question the assumption
that urbanisation and compact city policies contribute to
climate change mitigation in the transport sector. Other
hypotheses posit that the association between urbanity
and long-distance travel is spurious, i.e., accounted for by
other factors. Understanding which explanation is empir-
ically supported is thus key from an urban planning per-
spective. Getting a better grasp of the determinants of
air travel among urban residents also helps shed light
on what is driving the rapid increase of air travel emis-
sions globally.

This article presents a study on greenhouse gas (GHG)
emissions from personal air travel, which investigates the
role of three factors: i) access to airports; ii) the con-
centration of people with migration background and/or
geographically dispersed social networks in urban areas;
and iii) greater air travel by urban residents without cars
(often referred to as ‘rebound effect’).

As such, the article makes four contributions to exist-
ing knowledge. First, it simultaneously explores three
plausible mechanisms responsible for the association
between urbanity and air travel, which have rarely been
examined before.

Second, we use data from a large survey that is
nationally representative, unlike many previous studies
in this area that relied on smaller, ad-hoc surveys. This
has advantages in terms of the robustness and generaliz-
ability of the results.

Third, our study focuses on England (the largest con-
stituent country of the UK), which is interesting in sev-
eral respects. Due to population size and high levels of
air travel per capita, the UK is responsible for 4% of global
CO, emissions from commercial aviation, second only to
the US and China (Graver, Zhang, & Rutherford, 2019).
England includes a diversity of urban areas, ranging from
small towns to large conurbations to the global city of
London. This helps us investigate how levels of air travel
vary across the urban-rural continuum.

Finally, the availability of small-area geographic-
identifiers enables us to simultaneously investigate dif-

ferences across the urban-rural continuum as well
as within urban areas (i.e., depending on proximity
to town centres), two aspects that have often been
explored separately.

In the next section, we provide a short review of
the literature on the relationships between urbanity, air
travel, and the factors under investigation.

2. Background

A growing body of literature has explored the associa-
tion between urbanity and long-distance leisure travel.
Czepkiewicz, Heinonen, et al. (2018) provide an excellent
recent review of 27 studies on this topic, to which the
reader is referred for more information. In the remainder
of this section, we focus more specifically on the theo-
retical explanations researchers have put forward for this
association. Czepkiewicz, Heinonen, et al. (2018) identify
five different explanations:

1. A ‘rebound effect’ for reduced car ownership
and driving, whereby less expenditure on motor-
ing among urban residents results in more long-
distance travel by other modes, notably by air;

2. The ‘compensation hypothesis’ whereby people
compensate for deficiencies in urban environ-
ments by ‘escaping’ the city more often;

3. Better access to long-distance transport infrastruc-
ture, including airports;

4. Lifestyles and socio-psychological characteristics
(e.g., cosmopolitan attitudes) that are more preva-
lent among urban residents, while also inducing
more long-distance travel;

5. Greater dispersion of social networks among
urban residents.

Two observations are in order. First, assessing the rela-
tive importance of the different explanations has impli-
cations for urban planning. If rebound and compensa-
tion effects played a major role, this would question
the assumption that urbanisation and compact city poli-
cies are beneficial for climate change mitigation in the
transport sector. If other factors were prevalent, this
would not necessarily be the case. Second, Czepkiewicz,
Heinonen, et al. (2018, p. 21) conclude that there is “cur-
rently not enough evidence to decisively support any of
these explanations.” In this article, we add to this liter-
ature by investigating the impact of accessibility to air-
ports, social network dispersion, and rebound effect of
non-car ownership on air travel. In the remainder of this
section, we briefly review existing evidence on each of
these factors.

Regarding airport accessibility, to the best of our
knowledge, only one previous study examined this fac-
tor in the context of debates on long-distance travel and
urbanity (Bruderer Enzler, 2017). It finds that, among
Swiss residents, GHG emissions from air travel for private
purposes are positively associated with proximity to and
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passenger volume of the closest airport, even after con-
trolling for population density. The author of the study
speculates that this might be due to a residential self-
selection effect, whereby those who live near airports
have personal social networks that are more spatially dis-
persed. The study, however, does not control for this pos-
sible confounding factor, so that no firm conclusion can
be drawn on this point.

Empirical evidence is ambiguous on the existence
of a rebound effect of non-car ownership on air travel.
Based on a bivariate analysis of travel survey data,
Ottelin, Heinonen, and Junnila (2014) find that emis-
sions from flying can offset the gain from reduced driv-
ing for middle-income residents of the densest parts of
Helsinki (Finland). They argue that this may be due to “a
trade-off between private driving and air travel...based
on a simple rebound-effect of consumption” (Ottelin
et al., 2014, p. 7). In a subsequent econometric mod-
elling study, Ottelin, Heinonen, and Junnila (2017) find
further evidence for this hypothesis, based on Finnish
budget survey data. Other multivariate studies based on
travel behaviour data, however, have typically found a
neutral (e.g., Bruderer Enzler, 2017; Czepkiewicz, Klaas,
& Heinonen, 2020; Czepkiewicz, Ottelin, et al., 2018)
or positive association (e.g., Czepkiewicz, Arnadéttir,
& Heinonen, 2019; Czepkiewicz, Heinonen, Naess, &
Stefansdottir, 2020; Reichert & Holz-Rau, 2015) between
car ownership and air travel, which challenges the
rebound hypothesis.

While often mentioned in the literature, there is
little empirical evidence to support or reject the hypoth-
esis that urban residents fly more in order to main-
tain spatially dispersed social networks. Recent quantita-
tive empirical studies in Helsinki and Reykjavik (Iceland)
find that cosmopolitan attitudes (i.e., the importance
attributed to experiencing different places and cultures)
account for much of the association between urban-
ity and international leisure travel (Czepkiewicz et al.,
2019; Czepkiewicz, Klaas, et al., 2020). For some at
least, cosmopolitan attitudes might be caused by inter-
national interconnectedness and dispersion of social net-
works, although the reverse causal link is possible as well.
Czepkiewicz, Heinonen, et al. (2020) find qualitative evi-
dence that dispersion of social networks is a driver of
international travel among urban dwellers.

A related factor is migration background. Migrants
typically have personal relationships that span across
borders and tend to travel more by air (e.g., Bruderer
Enzler, 2017; Demoli & Subtil, 2019; Hunecke & Toprak,
2014). Greater levels of air travel in cities may thus
reflect the overrepresentation of migrants in large urban
areas. Migration background can thus be seen either as
a socio-demographic confounder that is generally omit-
ted from the analysis, or as a proxy for the dispersion of
social networks. To the best of our knowledge, this study
is the first to explicitly investigate the role of migration
background as an intervening factor in the relationship
between long-distance travel and urbanity.

3. Research Hypotheses

Our study is oriented by two sets of hypotheses, derived
from the literature. First, we expect to find an associa-
tion between higher levels of GHG emissions from air
travel and residence in: a) large urban areas; and b) in
closer proximity to town centres, even after controlling
for basic socio-economic correlates of air travel. This
hypothesis is grounded in previous research—recently
reviewed by Czepkiewicz, Heinonen, et al. (2018)—which
has found a net association between residence in large
urban areas and long-distance travel. Some of these
studies (e.g., Bruderer Enzler, 2017; Demoli & Subitil,
2019; Reichert & Holz-Rau, 2015) find a net association
between residence in large urban areas and air travel
more specifically. Further studies have investigated dif-
ferences within urban areas, finding a net association
between living in proximity to the city centre and inter-
national travel (Czepkiewicz et al., 2019; Czepkiewicz,
Heinonen, et al., 2020; Czepkiewicz, Klaas, et al., 2020;
Czepkiewicz, Ottelin, et al., 2018). In this context, the
contribution of our study is to test these hypotheses
for a country (England) for which limited evidence exists
to date.

We advance the state-of-the-art by testing a second
set of hypotheses, concerning the factors responsible for
the association between urbanity and air travel emis-
sions. More specifically, we expect the association to
be accounted for by: a) an overrepresentation of peo-
ple with migration background and/or geographically dis-
persed social networks; b) better accessibility to airports;
and c) lower levels of car ownership and use (resulting
in a ‘rebound effect’). As discussed in Section 2, while
these hypotheses have been put forward in the litera-
ture, only scant evidence exists on the confounding role
played by accessibility to airports, migration background,
and social network dispersion, while evidence on the
rebound effect is conflicting.

4. Data and Methods
4.1. Data

We analyse data from the UK Household Longitudinal
Study (UKHLS; University of Essex & Institute for Social
and Economic Research, 2018a), a nationally represen-
tative, general-purpose survey providing information
on a range of topics, which are not usually found
together in the same dataset. While our analysis is cross-
sectional, we combine variables on personal social net-
works from Wave 3 (2011-2012) with other variables
from Wave 4 (2012-2013). Our sample is therefore
restricted to respondents included in both waves and
weighted accordingly. UKHLS provides geographic identi-
fiers of respondent residence at the level of Lower Layer
Super Output Areas (LSOA), i.e., small, homogeneous
census units, including on average 1,500 inhabitants
(University of Essex & Institute for Social and Economic
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Research, 2018b). We use LSOA identifiers to link respon-
dents to geographical information, as described below,
except for the urban-rural classification, which is based
on Output Area (OA) level data and provided as part of
the UKHLS dataset (University of Essex & Institute for
Social and Economic Research, 2019). As several of the
spatial variables used in our analysis are not available
in comparable form for Scotland, Wales, and Northern
Ireland, we exclude these regions from our analysis, and
focus on England only (Figure 1). After listwise deletion
of missing data, our sample consists of 16,696 English res-
idents aged 16 or older.

The dependent variable in our analysis is GHG
from private air travel. UKHLS respondents to Wave 4
(2012—-2013) reported the number of flights they had
taken in the previous 12 months ‘for leisure, holidays or

visiting friends or family,’ distinguishing between flights
within the UK, to European countries and to countries
outside of Europe (travel ‘for work or business pur-
poses’ was explicitly excluded). We adopt the approach
developed by a study that used the same data (Alcock
et al., 2017) to assign representative flight distance val-
ues to the three types of destinations. We then estimate
GHG for each respondent, based on UK Government
GHG conversion factors for domestic, short haul inter-
national, and long-haul international flights (Department
for Environment, Food and Rural Affairs & Department of
Energy and Climate Change, 2015). We add up the esti-
mated emissions for flights within the UK, to European
countries and to countries outside of Europe into a
single variable, to derive the respondent’s GHG emis-
sions from air travel in the 12 months prior to the

Source: Office for National Statistics licensed under the Open Government License v.3.0
Contains OS data © Crown copywright and database right 2021

Legend
Urban Rural Classification

I A1—Urban: Major Conurbation / London

|| A1—Urban: Major Conurbation / Other
B1—Urban: Minor Conurbation
C—Urban: City and Town
D—Rural: Town and Fringe

[ E—Rural: Village

[ JRest of UK

50 100 150 200 km
I .

Figure 1. England and other constituent nations of the UK, with English urban-rural classification. Source: Own elaboration
based on Office for National Statistics (2013). Note: ‘Category F—Rural: Hamlets and Isolated Dwellings’ is not shown in
the map due to a discrepancy between the OA-level urban-rural classification included in the UKHLS household dataset

and the publicly available LSOA-level urban-rural classification.
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interview (in kgCO,e). For details on travel distance and
GHG estimation and imputation see Table SM1 in the
Supplementary File. Due to the nature of the data, the
resulting variable is only an approximation of GHG emis-
sions from air travel. It is however useful in that it allows
us to ‘weight’ information on air travel frequency in a way
that reflects the associated climate impact. As sensitiv-
ity analysis, we have repeated the analysis using a count
variable (number of flights, all destinations confounded),
obtaining results that are broadly consistent with those
presented here.

Our analysis includes five sets of predictors. First,
spatial variables covering the degree of urbanity of the
respondents’ residential area. For this we include two
variables. First, the 2011 rural-urban classification which
distinguishes between different types of rural, urban and
conurbation areas (Figure 1). We further differentiate
between Greater London and other conurbations, on
account of London’s top position in the urban hierar-
chy. We complement the rural-urban classification with
a continuous variable measuring proximity to the near-
est town centre. This allows us to further distinguish,
within each type of area, between respondents that
are in more or less close accessibility to town centres.
We draw this information from the UK Government
‘Journey Time Statistics’ on travel time from each LSOA
to the nearest town centre by public transport or walk-
ing (whichever is the quickest) for 2014 (Department
for Transport, 2019). The Journey Time Statistics adopt
a definition of ‘town centre’ that is based on four cri-
teria: economy (type of employment), property (build-
ing density), diversity of use, and visitor attractions (for
details see ODPM & Centre for Advanced Spatial Analysis,
2002; Thurstain-Goodwin & Unwin, 2000). Large urban
and metropolitan areas in England (including Greater
London) have more than one ‘town centre’ within their
territory, reflecting their polycentric nature. It must be
noted that this variable does not measure as-the-crow-
fly distance to town centres, but rather travel time by
walking or public transport. As such, it reflects to some
extent variations in levels of public transport service,
which is arguably appropriate for a measure of urbanity.
Further to the analysis presented in this article, we have
tested the inclusion in the regression models of a mea-
sure of population density as a third indicator of urbanity,
finding no support for its inclusion.

The second set of predictors refers to accessibility
to airports. We use Journey Time Statistics estimates of
travel time by car and public transport from each LSOA
to the 12 English airports that had at least 1% of total UK
terminal passengersin 2015 (roughly corresponding to at
least one million passengers per year). We use this infor-
mation to compute two variables: i) travel time to the
nearest airport; and ii) number of airports that can be
reached within 60 minutes. For both variables, we con-
sidered travel time by car if the respondent’s household
had at least one car, and by public transport otherwise.
As such, these predictors consider the accessibility differ-

ential between households with and without cars. A third
predictor—number of annual passengers at the nearest
airport—captures level of service differences between
airports, based on Civil Aviation Authority data for 2012
(Civil Aviation Authority, n.d.).

A third set of predictors covers migration background
and social network dispersion. As an indicator of migra-
tion background, we use the UKHLS ‘migration genera-
tion’ variable, which distinguishes between respondents
in the ‘first generation’ (not born in the UK), the sec-
ond (at least one parent born abroad) and third gener-
ation (grandparents born abroad), and others (referred
to as ‘fourth generation or higher’ in the dataset). For a
minority of respondents with missing information on par-
ents and/or grandparents, we assume that these were
UK-born. We further distinguish between first genera-
tion migrants who have moved to the UK in the five years
prior to the Wave 4 interview (i.e., since 2007-2008) and
others. The resulting variable includes five categories
and combines information on migration generation and
(for first generation migrants) year of arrival in the UK.
For the sake of simplicity, in the remainder of the arti-
cle we refer to this variable as ‘migration generation’
We further include a predictor for self-reported ethnicity,
distinguishing between the ‘White British’ majority and
the main minority groups in the UK (‘Other White,” Asian,
Blacks, and others). We capture the geographical disper-
sion of social networks with three variables: i) share of
friends living in the local area (note that the definition
of what ‘local area’ meant was left up to the respon-
dents); ii) whether at least one of three ‘best friends’
lives abroad; and iii) whether any ‘close family’ member
(i.e., parents or children) lives abroad.

The fourth set of predictors includes household-level
measures of car ownership (binary variable) and car use.
UKHLS respondents reported the approximate number
of miles driven in the previous 12 months. We compute
the total mileage driven by all household members, as
we expect trade-offs between expenditure on cars and
flights to be made based on household income.

Finally, we include several socio-economic control
variables that previous research found to be associ-
ated with air travel (e.g., Alcock et al., 2017; Bruderer
Enzler, 2017; Demoli & Subtil, 2019; Dobruszkes, Ramos-
Pérez, & Decroly, 2019; Reichert & Holz-Rau, 2015).
These include age, sex, net household monthly income
(adjusted for taxes and housing benefits, equivalised
after housing costs), education, employment status, as
well as whether the respondent was in a cohabiting cou-
ple, was responsible for children under 16 years old, and
had a long-standing illness or disability. The ‘responsi-
bility for children’ variable refers to whether the indi-
vidual was the responsible adult for cohabiting children,
and not to household composition (although the two are
obviously related). In households with two parents, this
indicator is typically non-zero for the mother. We include
this variable as we assume it is more closely associated
with air travel than household composition.

Urban Planning, 2021, Volume 6, Issue 2, Pages 232 —245

236


https://www.cogitatiopress.com

& COGITATIO

4.2. Methods

Our analysis consists of two steps. We start by present-
ing a bivariate analysis of the association between the
main variables of interest and GHG emissions from air
travel, then the results of multivariate analysis. We adopt
a ‘two-stage’ approach to the multivariate analysis,
whereby participation in air travel (i.e., having non-zero
emissions) and the level of emissions (for respondents
with a non-zero value) are modelled separately. The first
stage (selection equation) consists of a logistic regres-
sion model, while for the second (outcome equation)
we adopt Ordinary Least Square (OLS) regression with
a log-transformed dependent variable. The two-stage
approach and the log-transformation are justified in light
of the high share of respondents who reported taking
no flights, and the long-tailed distribution in the GHG
emissions of respondents who took flights. We report
coefficients for OLS models based on the full sample and
non-transformed dependent variables separately in the
supplementary material. These coefficients provide esti-
mates of the overall magnitude (although not the statis-
tical significance) of the effects.

As sensitivity testing, we conducted the same analy-
sis using an alternative modelling approach, namely a
two-step Heckman model (excluding the variable long-
standing illness or disability from the second stage),
obtaining results that are broadly consistent with those
presented here. The Heckman model is able to calcu-
late unbiased coefficients and significance levels. In this
article, we present the results of the two-stage models
as they are easier to interpret, while the correspond-
ing Heckman models are included in the supplemen-
tary material.

Other models have been developed to overcome
the limitations of Heckman models, including ‘multi-
ple discrete-continuous extreme value models’ (MDCEV),
which explicitly take account of discrete and continuous
choice data (e.g., Lu, Hess, Daly, & Rohr, 2017). In the con-
text of our analysis, MDCEV would allow the exploration
of variable substitution patterns between UK-based
flights, continental flights, and long-haul flights. In this
article, however, we present the results for two-stage
and Heckman models, for three reasons: i) for ease
of interpretation; ii) for consistency and comparability
with previous studies on emissions from long-distance
travel (e.g., Czepkiewicz, Ottelin, et al., 2018; Reichert,
Holz-Rau, & Scheiner, 2016); and iii) because questions
about patterns of substitution between air travel seg-
ments are outside of the immediate interest of this
article (although they are an interesting direction for
future research).

We present four versions of both two-stage and
Heckman regression models, reflecting the sequential
adjustment of covariates:

1. Model 1, including the main spatial variables of
interest and basic socio-economic control variables;

2. Model 2: further adjusted for migration genera-
tion, ethnicity, and social network variables;

3. Model 3: further adjusted for accessibility to
airports;

4. Model 4: further adjusted for car ownership and
use.

Model 1 tests the first set of hypotheses set out in
Section 3, concerning the net association between urban-
ity and air travel. The sequential adjustment procedure
provides evidence to test the second set of hypothe-
ses, by showing whether and how the coefficients asso-
ciated with living in urban areas and in closer proximity
to town centres change when controlling for the three
sets of intervening factors. We performed a collinearity
test on the fully adjusted model (Model 4), obtaining no
Variance Inflation Factor value higher than four.

5. Results

More than half of respondents in the analysis sample
(57.3%) reported zero flights. Among those who did
report flights, the distribution of GHG emissions is highly
positively skewed (median: 1373 kgCO,e; mean: 3135;
standard deviation: 4491; skewness: 10.29). This means
that there is a long tail of high values, corresponding
to individuals who flied frequently and/or over long dis-
tances in the year prior to the interview.

A bivariate analysis of the associations between GHG
emissions and the main predictors (Table 1) mostly con-
firms theoretical expectations. Participation in air travel
and GHG emissions are highest for London residents.
Outside of London, however, there is no clear urban-
rural gradient, with slightly higher levels of air travel in
rural area than in urban and conurbation areas (Figure 2).
Emissions from air travel are somewhat higher for people
living in closer proximity to town centres (Table 1).

There is a clear gradient in both participation and
emissions across different migration generations, with
particularly high levels of air travel among recent first-
generation migrants. All minority ethnic groups have
higher average emissions than ‘White British,” although
Blacks also have the highest non-participation rate.
There is a strong association between geographical dis-
persion of social networks and emissions. We find higher
emission and participation levels for respondents with
better accessibility to large airports. Levels of air travel
are higher for respondents with access to household cars
and increase with mileage.

Patterns of association between GHG and basic
socio-economic control variables (see Table SM2 in the
Supplementary File) are broadly in line with the litera-
ture, with higher levels of air travel among respondents
in employment, with higher income, and with tertiary
education, as well as males, and among individuals in
the 30 to 59 years old age band, and those in a cohabit-
ing relationship. Respondents with long-standing illness
or disability and those with responsibility for children
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(a) Participation in air travel

Al—Urban: Major Conurbation / London
Al—Urban: Major Conurbation / Other
B1—Minor Conurbation
C—Urban: City and Town
D—Rural: Town and Fringe
E—Rural: Village
F—Rural: Hamlets and Isolated
I T T T T T
0 10 20 30 40 50

At least 1 flight in last 12 months (%)

(b) GHG emissions (excluding zero values)

Al—Urban: Major Conurbation / London
Al—Urban: Major Conurbation / Other
B1—Miinor Conurbation

C—Urban: City and Town

D—Rural: Town and Fringe

E—Rural: Village

F—Rural: Hamlets and Isolated

T T T T
4,000 6,000 8,000 10,000
KgCOZE

Figure 2. Participation in private air travel (panel a, N = 16,696) and distribution of associated GHG emissions for respon-
dents with non-zero values (panel b, N = 7,518), by categories of the rural-urban classification. Note: The boxplots in panel

b do not display outside values.

reported lower average levels of air travel. Note that the
effect of income is particularly large, with average GHG
emissions among respondents in the top income quintile
nearly four times as large as for the bottom quintile.
The two-stage regression analysis (Table 2) shows
that when controlling for basic socio-economic corre-
lates (Model 1), there is no statistically significant dif-
ference between types of area, except for London and
(to a lesser extent) rural villages, where emissions are
higher. The coefficients for London change greatly in
the adjusted models though. In Model 2, we control for
migration generation and social networks: Here we find
no significant association between London and the level
of emissions (in the OLS model), while the coefficient for
participation in air travel (in the logit model) is still signif-
icant but of lower magnitude as compared to Model 1.
When further controlling for accessibility to airports
(Model 3), neither coefficient for London is statistically
significant. This suggests that a large part of the associ-
ation between London and participation in air travel is
accounted for by better accessibility to airports, while
greater emissions are mostly accounted for by an over-
representation of people with migration background
and/or spatially dispersed social networks. The associa-
tion between living in rural villages and air travel emis-
sions, however, is not modified in the adjusted models.

We find a positive association between living in
closer proximity to town centres and emissions (for air
travel participants), which is only marginally reduced in
magnitude in Model 2 and 3. This suggests that those
who live in closer proximity to town centres, when they
do fly, tend to do so more often and/or to further des-
tinations. The reasons for this cannot be identified in
our analysis. Note, however, that the magnitude of the
association is very weak, with the OLS analysis (see
Table SM3 in the Supplementary File) showing that living
one minute further away from the nearest town centre
is associated with a reduction in air travel GHG of just
1 kgCO,e per year in the fully-adjusted model.

Model 2 confirms the positive association between
air travel and first-generation migration background.
With regard to social network dispersion, both having
close friends abroad and having close family abroad
are positively associated with air travel. The effect of
the share of friends outside of the local area is not lin-
ear, as the ‘half or less’ category is positively associ-
ated with participation in air travel, while the ‘more than
half’ category is not. This may be due to the correlation
between this category and other migration background,
ethnicity and social network variables that are being con-
trolled for. Overall, the effect of migration background
and social network dispersion predictors is large, with
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Table 1. Main independent variables: Group size and descriptive statistics for GHG emissions from air travel (N = 16,696).

Group size Zero flights GHG emissions
Variable Value (%) (%) (kgCO,e, mean)
Rural-urban Al—Urban: Major Conurbation/London 14.9 47.6 2045
classification Al—Urban: Major Conurbation/Other 16.4 59.0 1187
B1—Mlinor Conurbation 3.8 66.4 804
C—Urban: City and Town 45.0 59.0 1217
D—Rural: Town and Fringe 9.6 57.4 1204
E—Rural: Village 5.8 57.3 1434
F—Rural: Hamlets and Isolated Dwellings 3.5 56.3 1379
Travel time to nearest Low (3—16 minutes) 37.4 [56.7] 1454
town centre by Medium (17-22 minutes) 29.4 [57.7] 1271
public transport High (23 or more minutes) 32.2 [57.4] 1262
or walking
Migration generation 4th+ 713 59.3 1187
3rd 7.6 56.8 1316
2nd 9.3 55.4 1579
1st (5+ years) 10.1 46.0 2017
1st (less than 5 years) 0.7 42.9 3775
Ethnicity White British 85.9 58.4 1232
Other White 4.1 35.1 2349
Asian or Asian British 5.2 54.3 2173
Black or Black British 2.1 63.1 1409
Other + Mixed 1.8 54.0 1610
Friends outside None 14.3 68.4 830
of local area Half or less 45.6 55.1 1310
More than half 39.0 55.6 1556
Best friends abroad No 91.4 58.6 1245
Yes 7.6 40.9 2453
Close family abroad No 92.1 58.5 1244
Yes 7.0 40.0 2571
Travel time to nearest Low (10-45 minutes) 34.7 48.8 1708
large airport Medium (46—77 minutes) 325 57.8 1275
High (78 or more minutes) 31.8 65.9 996
Number of airports None 47.6 63.8 1049
within 60 minutes 1 35.3 54.0 1409
travel time 2 or more 16.1 45.0 2035
Annual passengers Low (5 or less) 34.3 58.5 1209
at nearest large Medium (5—18) 33.5 59.2 1226
airport (millions) High (18 or more) 31.2 53.8 1598
Cars in household No 18.1 77.8 681
Yes 80.9 52.6 1484
Distance driven by Low (4 or less) 34.4 70.4 847
car in last 12 months Medium (4—12) 33.6 53.9 1476
(household total; High (12 or more) 31.0 46.3 1732

thousand miles)

Notes: Values between square brackets indicate that there is no statistically significant difference between the categories of the inde-
pendent value (Chi-square and t-tests at p < 0.05). Continuous predictors were categorised into three groups (low/medium/high) based

on terciles of the distribution.
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Table 2. Parameter estimates for two-stage regression models of GHG emissions (kgCO,e) from air travel, including selection equation (Logit—participation in air travel) and outcome

equation (OLS—emissions of air travellers, log-transformed).

Model 1 Model 2 Model 3 Model 4
Logit oLs Logit oLS Logit oLS Logit oLS
Coef. (b) Coef. (b) Coef. (b) Coef. (b)
Coef. (b) [in log(kg)] Coef. (b) [in log(kg)] Coef. (b) [in log(kg)] Coef. (b) [in log(kg)]
Rural—urban classification (ref.cat.: C—Urban: City and Town)
Al—Urban: Major Conurbation/London 0.39 *** 0.21 *** 0.3 *** 0.08 0.06 0.02 0.25 ** 0.04
Al—Urban: Major Conurbation/Other 0.08 0.01 0.12 0.01 -0.03 0.01 0.06 0.01
B1—Minor Conurbation -0.11 -0.09 -0.06 -0.08 -0.07 -0.04 -0.03 -0.03
D—Rural: Town and Fringe -0.01 -0.04 -0.01 -0.03 0.02 -0.02 -0.01 -0.03
E—Rural: Village -0.10 0.12 * -0.10 0.13 * -0.03 0.14 * -0.09 0.13 *
F—Rural: Hamlets and Isolated Dwellings -0.16 -0.03 -0.16 -0.02 -0.11 -0.01 -0.17 —-0.02
Travel time to nearest town centre by public transport or 0.002 —-0.004 * 0.002 -0.003 * 0.003 -0.003 * 0.001 —0.004 *
walking (minutes)
Income quintile (ref. cat.: 1%)
2nd 0.18 * -0.08 0.21 ** -0.05 0.17 * -0.05 0.10 -0.05
3rd 0.55 *** -0.02 0.60 *** 0.06 0.56 *** 0.05 0.46 *** 0.05
4th 0.97 *** 0.08 1.00 *** 0.16 ** 0.95 *** 0.16 ** 0.84 *** 0.15 **
5th 1.60 *** 0.33 *** 1.60 *** 0.42 *** 1.60 *** 0.41 *** 1.40 *** 0.39 ***
Tertiary education qualification (dummy) 0.39 *** 0.09 *** 0.34 *** 0.04 0.32 *** 0.04 0.32 *** 0.04
Employment status (ref. cat.: In employment)
Retired —0.37 *** -0.05 —0.36 *** -0.05 —0.35 *** -0.05 —0.30 *** -0.04
Other (non-employed, non-retired) —0.37 *** 0.08 * —0.36 *** 0.06 —0.35 *** 0.06 —0.3]1 *** 0.07 *
Age (ref.cat. 16-29 years old)
30-59 years old —0.24 *** 0.12 ** —0.30 *** 0.11 ** —0.29 *** 0.11 ** —0.26 *** 0.12 **
60-74 years old -0.04 0.15 ** -0.07 0.18 *** -0.07 0.18 *** -0.04 0.20 ***
75+ years old —0.71 *** 0.08 —0.74 *** 0.12 —0.70 *** 0.12 —0.61 *** 0.14
Cohabiting couple (dummy) 0.33 *** 0.02 0.31 *** 0.01 0.28 *** 0.01 0.19 *** 0.00
Female (dummy) 0.18 *** -0.02 0.19 *** 0.00 0.19 *** 0.00 0.21 *** 0.00
Responsible for children < 16 years old (dummy) —0.33 *** —0.19 *** —0.36 *** —0.20 *** —0.37 *** —0.20 *** —0.38 *** —0.20 ***
Long-standing illness or disability (dummy) —0.36 *** —0.09 *** —0.34 **x* —0.08 ** —0.33 *** —0.08 ** —0.31 *** —0.07 **
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Table 2. (Cont.) Parameter estimates for two-stage regression models of GHG emissions (kgCO,e) from air travel, including selection equation (Logit—participation in air travel) and
outcome equation (OLS—emissions of air travellers, log-transformed).

Model 1 Model 2 Model 3 Model 4
Logit oLS Logit OoLS Logit oLS Logit OoLS
Coef. (b) Coef. (b) Coef. (b) Coef. (b)

Coef. (b) [in log(kg)] Coef. (b) [in log(kg)] Coef. (b) [in log(kg)l Coef. (b) [in log(kg)]
Migration generation (ref. cat.: 4t™+)
3rd 0.03 0.05 0.01 0.05 0.03 0.05
2nd 0.11 0.02 0.11 0.01 0.11 0.01
1st (5+ years) 0.28 ** 0.02 0.28 ** 0.01 0.3 ** 0.02
1st (less than 5 years) 0.03 0.47 ** 0.05 0.48 *** 0.14 0.49 ***
Ethnic group (ref. cat.: White British)
Other White 0.35* -0.05 0.34* -0.05 0.34* -0.05
Asian or Asian British -0.14 0.51 *** -0.18 0.51 *** -0.20 0.51 ***
Black or Black British —0.49 *** 0.23 ** —0.49 *** 0.25 ** —0.42 ** 0.26 **
Other + Mixed -0.082 0.15 -0.09 0.16 -0.05 0.16
Friends outside of local area (ref.cat.: none)
half or less 0.22 *** 0.02 0.20 *** 0.02 0.19 ** 0.02
more than half 0.08 0.08 0.06 0.08 0.05 0.08
Best friends abroad (dummy) 0.33 *** 0.14 *** 0.32 *** 0.14 *** 0.32 *** 0.14 ***
Close family abroad (dummy) 0.5 *** 0.28 *** 0.52 *** 0.28 *** 0.56 *** 0.28 ***
Travel time to nearest large airport (hours) —0.19 *** 0.00 -0.12 * 0.00
Number of airports within 60 minutes travel time 0.12 ** 0.04 0.06 0.04
Annual passengers at nearest large airport (millions) 0.001 0.002 ** 0.001 0.002 **
Cars in household (dummy) 0.53 *** —-0.02
Distance driven by car in last 12 months (household total; 0.005 ** 0.003 **
thousand miles)
Constant —1.0 *** 7.4 *¥** —1.2 *¥** 7.2 ¥x* —1.0 *** 7.1 *¥** —1.5 *** 7.1 *¥*x*
N 16696 7518 16696 7518 16696 7518 16696 7518
Pseudo-R?/R? 0.11 0.06 0.12 0.09 0.13 0.10 0.13 0.10
AIC 22235 20614 22016 20342 21921 20329 21805 20320
Note: * p < 0.05, ** p < 0.01, ***p < 0.001.
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e.g., having close family members abroad being associ-
ated with an additional 776 kgCO,e for air travel per
year in the fully adjusted model (see Table SM3 in the
Supplementary File).

The effect of ethnic minority background is complex.
Non-British (‘other’) Whites are more likely to partici-
pate in air travel than any other ethnic group, but those
of them who fly do not tend to generate higher lev-
els of emissions, perhaps because of shorter flights to
Europe. Conversely, Asians, Blacks, and those with ‘other
or mixed’ background are less likely to participate in
air travel, but those of them who do tend to fly longer
distances as compared to the White British majority
(Table 2). The overallimpact on GHG emissions is strongly
positive for Asians, but negative for Blacks and respon-
dents with ‘other and mixed’ background (see Table SM3
in the Supplementary File).

Regarding accessibility to airports, Model 3 shows
higher participation in air travel for those who live closer
to a large airport, and for those who are able to reach sev-
eral airports within 60 minutes travel time, even after con-
trolling for confounders (Table 2). The number of passen-
gers at the nearest airport is associated with an increase
in GHG emissions for those who fly, although of small
magnitude (see Table SM3 in the Supplementary File).

Contrary to expectations, we find a net positive asso-
ciation between car ownership and participation in air
travel, as well as between car mileage and both dimen-
sions of air travel (Table 2, Model 4), although the mag-
nitude of the latter coefficient is not very large (see
Table SM3 in the Supplementary File). The inclusion
of these variables modifies the coefficients for London
which, in the fully adjusted model, is again positively
associated with participation in air travel. This can be
interpreted as follows: Londoners fly more than resi-
dents of other areas, if one considers lower car own-
ership and use in London, and that car drivers tend to
fly more. Conversely, in Model 4 the positive associa-
tion between the number of airports that one can reach
within 60 minutes and participation in air travel loses
significance. This suggests that access to a car improves
access to airports, and that this explains part—but only
part—of why car owners fly more.

Regarding socio-economic control variables, the mul-
tivariate findings broadly confirm the bivariate analysis,
with high income, tertiary education, employment, cou-
ple cohabitation, and middle adulthood all associated
with greater GHG emissions. As expected, the impact
of income is particularly large, with the top income
quintile emitting roughly 1,600 kgCO,e more than the
bottom quintile when controlling for other factors (see
Table SM3 in the Supplementary File). Conversely, being
responsible for children and long-standing illness or dis-
ability are associated with substantial reductions in GHG.
It is interesting to note however that when other fac-
tors (including notably retirement and disability) are con-
trolled for, the young elderly (60 to 74 years old) have the
highest GHG emissions from air travel (see Table SM3 in

the Supplementary File). Younger adults (16 to 29 years
old) appear more likely than other age groups to fly at
least once a year, although on the whole they emit less
GHG. Females are more likely than men to participate in
air travel when responsibility for children is controlled for
(Table 2), although the magnitude of the effect in terms
of GHG is trivial (see Table SM3 in the Supplementary
File). This suggests that lower levels of air travel among
women are largely due to childcare responsibility.

The results of the corresponding Heckman models
(see Table SM4 in the Supplementary File) are largely
consistent with those discussed above, showing only
marginal differences in terms of statistical significance of
single coefficients.

Further to the analysis presented here, we tested
whether there is evidence of a rebound effect among
respondents in the lower-middle income groups, as sug-
gested in the literature (Czepkiewicz, Heinonen, et al.,
2020; Ottelin et al., 2014, 2017). The rationale is that,
since both air travel and car driving are relatively cheap
for higher income households, one would expect to see
a rebound effect only among households with more lim-
ited resources. To test this conjecture, in Model 5 (see
Table SM5 in the Supplementary File) we include interac-
tion terms between income and car ownership and use.
We find no evidence of a rebound effect between car
ownership and mileage and air travel.

6. Discussion and Conclusions

Our findings provide qualified support for the first set of
hypotheses: Levels of private air travel are higher in the
largest English conurbation (London), and among those
living in closer proximity to city centres, even after con-
trolling for basic socio-economic characteristics such as
income, age, sex, and household composition. This is con-
sistent with previous research (Czepkiewicz, Heinonen,
et al., 2018). In contrast with previous studies showing
a clear urban-rural gradient in air travel (e.g., Demoli &
Subtil, 2019; Reichert & Holz-Rau, 2015), we find no clear
difference between rural areas and urban areas other
than London (including other large conurbations), and
a persistent positive association between rural villages
and air travel emissions. A possible explanation is that in
England rural villages attract people who are particularly
wealthy, educated, and/or internationally connected, in
ways that are not entirely captured by our predictors.

We find evidence that the association between
London residence and air travel is partly due to better air-
port accessibility, as well as to the overrepresentation of
migrants, ethnic minorities, and people with otherwise
dispersed social networks. This confirms hypotheses that
had been put forward in the literature, but for which
scant evidence existed to date. However, when control-
ling for all predictors (including car ownership and use),
we find a residual positive association between London
residence and participation in air travel. This suggests
that other factors might also be at play.
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Unlike for London residence, greater levels of air
travel among people who live in closer proximity to city
centres are largely not due to any of the factors consid-
ered here, although the magnitude of the association is
very weak. Recent research suggests that this association
may be due to the cosmopolitan attitudes of urban core
residents (Czepkiewicz et al., 2019; Czepkiewicz, Klaas,
et al., 2020). This factor could not be included in our
study as it is not available within the survey, although
one would expect it to correlate to some extent with
migration background and social networks abroad. More
research is needed on the interrelationships between
these factors, notably from a life course perspective
(Mattioli, 2020).

Against our hypothesis, the study finds a net pos-
itive association between car ownership and use and
air travel. This contradicts the hypothesis of a trade-
off between the two but is consistent with studies that
found a neutral or positive association (see Section 2).
Since car ownership and use are lower in London than
elsewhere, this implies that a ‘rebound effect’ is not
responsible for higher levels of air travel in the British
capital. The reasons for the positive association are
not clear from our analysis though. Apart from shorter
journey times (which are controlled for in our models),
research on airport surface access suggests that people
find driving more convenient than public transport in
terms of cost, comfort, reliability, and ease of transport-
ing luggage (Budd, 2019). This may discourage house-
holds without a car from flying. Another possible expla-
nation is that underlying attitudinal or lifestyle factors
are associated with both car and air travel, and account
for the observed positive association. Finally, it might be
that in an island country like the UK, where a very high
share of international travel is by plane, car and air travel
are not perceived as substitutes for long-distance travel.

Our results have three main policy implications.
First, from an urban planning perspective, they are not
supportive of the thesis that encouraging urbanisation
and/or urban densification would increase air travel and
thus backfire in terms of transport emission. This thesis
is predicated on the ‘compensation hypothesis’ (which
we did not test here) and the ‘rebound effect’ (for
which we find no evidence). We find evidence that bet-
ter access to airports and social network dispersion are
important factors in explaining why Londoners fly more,
which tends to suggest that alternative explanations for
higher levels of air travel in large urban areas are of sec-
ondary importance.

Second, the association between air travel and the
size and proximity of airports could be interpreted as sug-
gesting that air travel supply induces demand to some
extent. This would provide support for a moratorium
on airport expansion for the sake of the climate (Stay
Grounded, 2019). Yet one could also see the associa-
tion as demand-led, as airline hubs prefer to locate near
large markets. Global cities like London, with concentra-
tions of high-skilled workforce and migrants, tend to pro-

vide such conditions. Residents with international lives
and/or careers might self-select into such cities, pre-
cisely because of the ease of air travel that they provide
(Dobruszkes, Lennert, & Van Hamme, 2011). Conversely,
airport hubs may result in overprovision and induced
demand among those who happen to live nearby. While
our analysis controls for many of the demand-side fac-
tors that might explain the association (e.g., migration
background, social networks, and education), the recur-
sive causality between supply and demand must be kept
in mind and investigated further.

Finally, the positive association between car travel
and air travel, if confirmed, would suggest that there
are synergies between measures aimed at reducing car
ownership and use and those aimed at curbing air travel.
This would be good news for sustainable transport pol-
icy, since car and air travel account for most trans-
port emissions.
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