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Abstract

Negative relationships between urban density and greenhouse gas emissions from daily travel are well
established in the literature. However, recent research suggests that higher urban density is associated
with higher emissions from long-distance leisure travel, such as car weekend trips and international
flights. This article presents the first systematic review of empirical evidence on these associations and
discusses potential explanations. A two-step article selection process yielded 27 empirical articles,
complemented by one article published during the review process. When international travel is
included in the analysis, the results suggest that residents of the largest cities, and particularly those
from centrally located and densely built areas, travel more to cover long distances than do others, after
controlling for demographic and socioeconomic variables. When only domestic travel is included,
residents of larger settlements and areas of higher density engage in less long-distance travel for leisure
purposes than those living in smaller settlements and sparsely built areas. The results of the review are
indicative and warrant more research. Generalization is currently limited because of the wide variety
of travel behavior measures used, consideration of different travel modes and trip purposes, and
geographic scope. There is a strong need for replication of the results using consistent methodology,
using data from longer and more recent time spans, and expanding to more diverse geographical
settings, especially outside Europe. The systematic review is followed by a narrative review of
theoretical explanations of the associations. The most common explanations include: rebound effects,
the compensation hypothesis, access to transport infrastructure, urban lifestyles, sociopsychological
characteristics, and social networks. Socioeconomic variables are controlled in a majority of the
reviewed studies, and business travel is excluded from the review, so the concentration of wealth and
business in cities may explain the findings only to some extent. Nonetheless, there is not enough
empirical evidence on the causal character of the associations and therefore further qualitative and
multidisciplinary work is needed. Compact city and urban densification policies are not strongly
challenged by current evidence, and most common policy recommendations point to including air
travel into carbon taxing or quota schemes.

and the emissions from the sector have been increasing,
despite numerous initiatives for cutting them (IPCC
2014). Traditionally, ground transport has drawn the

1. Background

Global anthropogenic greenhouse gas (GHQG)

emissions should be rapidly reduced to avoid major
global warming according to the Intergovernmental
Panel on Climate Change (IPCC) (2014). Transport
has long been one of the largest GHG emission sources

focus, whereas air travel was thought to have only
a minor overall impact (e.g. Sims et al 2014, Hill
et al 2012, Berntsen and Fuglestvedt 2008). However,
aviation is a rapidly growing sector (Hill et al 2012,
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Sims et al 2014), and many recent studies suggest it
is at least as important a source of climate forcing as
passenger cars, particularly when accounting for the
strong impact on radiative forcing of short-lived GHGs
emitted by planes (Aamaas et al 2013, Reichert et al
2016, Aamaas and Peters 2017, Brand and Preston
2010). Services related to tourism, including trans-
port, have been recently estimated as a source of 8% of
global carbon emissions (Lenzen et al 2018).

Several recent studies have found positive asso-
ciations between urban density or settlement size
and long-distance travel behavior after controlling
for demographic and socioeconomic variables (e.g.
Holden and Norland 2005, Ottelin et al 2014, Reichert
et al 2016). Some authors suggest that compact city
and urban densification policies may have unintended
effects, and that there is a tradeoft between car travel
and air travel (e.g. Ottelin et al 2014). The evi-
dence suggests that the ‘gains’ from reduced daily
travel in dense urban structure are to a consider-
able extent offset by ‘losses” from increased emissions
from medium- and long-distance travel (Ottelin et al
2014, Reichert et al 2016). The few studies differenti-
ating particularly the emissions attributable to urban
form suggest that the effects are relatively strong
(Reichert et al 2016). This is potentially due to asso-
ciation between long-distance travel and urban form,
and to the very high proportion of long-distance mobil-
ity in total travel-related emissions. The proportion
is especially high when calculations account for the
high radiative forcing in the atmosphere of short-
lived GHGs emitted by planes (Aamaas et al 2013,
Reichert et al 2016, Aamaas and Peters 2017, Brand
and Preston 2010). Potential causal links between urban
form and long-distance travel may appear tenuous, but
there is currently no plausible evidence to either accept
or reject this possibility.

Transportation  studies have predominantly
focused on daily travel, and there is a plethora of
individual studies and literature reviews available
(Newman and Kenworthy 1989, Rickwood et al 2008,
National Research Council 2009, Ewing and Cervero
2010, Naess 2012). Even though there are continuing
debates over the specific character of the influence of
urban form on daily travel behavior (e.g. Naess 2014,
van Wee and Boarnet 2014), the empirical findings are
relatively uniform, showing that distance to city center
and urban density reduce daily travel distances and
emissions, and thus support urban density as a key
urban planning target.

At the same time, there have been no systematic
reviews on associations between urban form and long-
distance travel, despite a growing number of empirical
studies and potential relevance for policy-making.
The existing empirical studies have been conducted
in diverse geographical settings with a diverse set of
approaches, methods, and variables. Drawing con-
clusions from such a heterogeneous set of articles
is challenging without a systematic review. Future
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research would also benefit from a review of the
methodological differences.

Providing empirical evidence and plausible expla-
nations of causal relationships between urban structure
and long-distance travel would throw light on the
unintended effects of urban densification policies and
inform mitigation (Holden and Linnerud 2011). Nev-
ertheless, empirical evidence and theoretical discussion
on such relationships have been scarce and fragmented.
Researchers have suggested multiple potential expla-
nations for such associations, but rarely verified them
empirically or clarified them conceptually.

The first aim of this review is therefore to pro-
vide a context-sensitive summary of empirical findings
on associations between urban form and long-distance
leisure travel behavior. This aim has been realized by
answering the following three research questions:

RQ1. What are the associations between urban form
and long-distance leisure travel behavior found in
empirical studies?

RQ2. How do theassociations differ between geograph-
ical and methodological settings of the empirical
studies?

RQ3. To what extent does the increase in long-distance
travel related to urban form offset the concurrent
decrease in daily travel?

The second aim was to provide a review of method-
ological limitations of the empirical studies and provide
guidance for future research. This aim is realized by
answering the fourth research question:

RQ4. What are the most important methodological
limitations of previous empirical studies?

The third aim was to further the theoretical dis-
cussion on the potentially causal links between urban
form and long-distance travel. To realize this aim, we
answered the fifth research question:

RQ5. What are the most common theoretical expla-
nations of the associations between urban form
and long-distance travel behavior formulated in
previous empirical studies?

The five research questions are here answered
with a systematic literature review. Furthermore, to
realize the third aim, we provide a narrative review of
the hypothetical explanations for relationships between
urban form and settlement structure, on the one hand,
and long-distance leisure travel on the other. We
specifically focus on the four most common hypothe-
ses given in the previous literature (i.e. rebound effect,
access to transport infrastructure, the compensation
hypothesis, and lifestyles and other socio-psychological
characteristics) but also aim at expanding the theo-
retical basis for future research by discussing relevant
concepts from multiple disciplines.

We close the article with suggestions for further
research on the topic, more refined research directions,




10P Publishing

Environ. Res. Lett. 13 (2018) 073001

and guidance on research design and methods. Fur-
thermore, we discuss potential policy implications of
the current evidence base.

2. Methods

We conducted a systematic search of articles present-
ing empirical results on associations between urban
form and long-distance leisure travel. We understand
urban form as all spatial structural characteristics
of the built environment, including settlement size,
population and housing density, as well as local
and regional accessibility to transport infrastructure,
employment, services, and green areas, related to the
residential location of the studied population. To
cover diverse definitions of long-distance travel used
in the studies reviewed, we defined it broadly as all trips
away from the settlement or urban region of residence.
The review focuses on trips made for leisure purposes,
including trips made to visit family or relatives.

We included articles that conform to the following
criteria:

1. Empirically measure at least one aspect of long-
distance travel behavior that influences its GHG
emissions (e.g. participation in travel, trip fre-
quency, mode choice, travel distance, energy use) or
GHG emissions associated with this travel behavior,

2. analyze associations between urban form and at
least one of the above aspects of long-distance travel
behavior,

3. analyze the above relationships without restricting
trip destinations to specificlocations or areas smaller
than one country.

We applied these criteria in a two-step selection
process. First, we conducted a snowball selection,
collecting the papers known by the authors, search-
ing through their references and again the references
of the new papers added to the collection, and so
on. This selection method yielded 23 articles. Then
we performed two queries, one in SCOPUS and
one in Web of Science. The last search was per-
formed on October 5, 2017. Only English-language
articles in academic peer-reviewed journals and chap-
ters in books published by academic publishers were
included. The queries were not restricted by publication
date.

The search string for the SCOPUS query was:

TITLE-ABS-KEY (‘urban form’ OR ‘urban structure’
OR ‘built environment” OR ‘spatial data’ OR ‘urban
planning’ OR ‘environmental factors’ OR ‘residential
location” OR ‘density’ OR ‘urbanity’ OR ‘compact
city’ OR ‘land-use related factors’ OR ‘structure of
the urban system’ OR ‘population density’ OR ‘urban’
OR ‘rural’ OR ‘household location” OR ‘accessibility’
OR ‘private garden’ OR ‘inner-city’ OR ‘suburban’ OR
‘greenareas’) AND TITLE-ABS-KEY (‘personal carbon
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footprint’ OR ‘GHG emissions’ OR ‘environmental
impact’ OR ‘CO,” OR ‘carbon’ OR ‘greenhouse
gases’ OR ‘greenhouse gas emissions’ OR ‘emissions
distribution’ OR ‘climate impact’ OR ‘travel distance’
OR ‘travel mode’” OR ‘mode use’ OR ‘consumption
of transport’” OR ‘amount of travel’ OR ‘trip distance’
OR ‘frequency of trips’ OR ‘frequency of flights” OR
‘level of travel’ OR ‘participation in travel’) AND
TITLE-ABS-KEY (‘long-distance travel’ OR ‘air travel’
OR ‘medium- and long-distance travel’ OR ‘medium-
distance travel’ OR ‘holiday travel’ OR ‘leisure travel’
OR ‘international travel’ OR ‘long-distance trips’ OR
‘medium-distance trips’ OR ‘private travel’ OR ‘leisure
trips’ OR ‘leisure mobility” OR ‘leisure-time travel’ OR
‘travel by plane” OR ‘international mobility’).

The search string for the Web of Science was
identical in its logic and content. The queries provided
86 and 46 results, respectively. After scanning titles,
reading abstracts, and then reading full texts of the
selected articles to check against our selection criteria
we retained 11 articles from the SCOPUS search and
nine articles from the Web of Science search. Among
these, eight and six articles, respectively, were already
included in the snowball selection, and the three
remaining from both databases were the same. We
further complemented the list with one article pub-
lished during the review process. The final list therefore
consists of 27 articles.

We conducted a detailed review of the selected
articles and compared them regarding study area and
geographical scale, types of travel included, travel
modes analyzed, measures of travel behavior or related
emissions, urban form measures, methods of analy-
sis, and consideration of sociopsychological factors.
Form each article we collected specific results related
to urban form, key conclusions, theoretical explana-
tions, policy recommendations, suggestions for future
research, and hypotheses for further research.

3. Results

This section includes results of the systematic review
of empirical findings on associations between urban
form and long-distance leisure travel behavior. To
provide context- and method-sensitive conclusions,
we analyzed the results across dimensions, as listed
above. We used these dimensions to describe the arti-
cles in table 1, illustrate the reviewed studies on a
chart (figure 1), and to structure result description and
conclusions presented in the following sections.

3.1. Summary of findings
The section answers the first two empirical research
questions. Table 1 provides an overview on the 27
articles included in the final review.

Figure 1 provides an illustration of the main find-
ings and methodological differences of the reviewed
articles. Particularly, it classifies the articles according




Table 1. Key attributes of reviewed studies.

No Authors Yr. Country Travel behavior Travel modes Travel geog. extent Urban form Controlled Analysis method Study geog. extent
variables aspects variables
1 Friandberg and 2003 Sweden Frequency, Combined Domestic, Urban-rural SED, health Bivariate, One country
vilhelmson distance international regression
2 Hoyer and Holden 2003 Norway Distance, Air, car All Density, housing SED, Car Bivariate, Three cities
ecological type, distance to regression
footprint center
3 Holden and 2005 Norway Energy use, travel Air, Car All Density, mix, SED, car, dwelling, Bivariate, Eight areas in one
Norland time distance to center, SP regression (linear) city
private yard,
housing type, PT
access
4 Naess 2006 Denmark Distance, Air, Combined Doms-tic, Distance to center, SED, Car, SP Regression (linear, One city
participation, international density, PT Access logistic, ordinal),
frequency qualitative
5 Limtanakool, Dijst 2006 Netherlands, UK Participation Car, train Domes-tic Density SED, car Bivariate, Two countries
and Schwanen regression (binary
logit)
6 Ornetzeder, 2008 Austria Emissions Air, car All Car-free vs. regular None Bivariate Two areas in one
Hertwich, settlement city
Hubacek,
Korytarova and
Haas
7 Brand and 2008 UK Distance, Air, car, bus, train, All Settlement size, None Bivariate One region
Boardman emissions ferry urban-rural
8 Nicolas and David 2009 France Distance, Air, car, bus, train All Settlement size, None Bivariate One country
emissions urban-rural
9 Brand 2009 UK Emissions Air, car, train, All Settlement size, SED, Car Bivariate, One region
combined urban-rural, regression (linear)
accessibility
10 Brand and Preston 2010 UK Emissions Air, car, bus, train, All Settlement size, SED Regression (linear, One region

ferry

urban-rural,
accessibility

stepwise)

gulysiiand dol

100€£0 (8107) €1 "HT "oy "HoAtAUg

1 12 zowmanydoz) N




Table 1. Continued.

No Authors Yr. Country Travel behavior Travel modes Travel geog. extent Urban form Controlled Analysis method Study geog. extent
variables aspects variables
11 Heinonen, Kyro 2011 Finland Emissions Air, car, bus, train, All Urban—suburban None Bivariate One city
and Junnila ferry
12 Holden and 2011 Norway Energy use Combined All Density, mix, SED, Car, 2nd Regression Eight areas in one
Linnerud private yard, home, SP city
distance to center
13 Dargay and Clark 2012 UK Distance Air, car, bus, train, Domes-tic Settlement size SED, Car, Regression (WLS) One country
combined Dwelling
14 Muiiiz, Calatayud 2013 Spain Ecological Combined All Density, distance SED, SP Regression One city
and Dobaiio footprint to center, coastal
15 Heinonen, Jalas, 2013 Finland Emissions Air, car, PT, ferry All Settlement size, SED Bivariate One country
Juntunen, urban-rural
Ala-Mantila and
Junnila
16 Heinonen, Jalas, 2013 Finland Emissions Air, car, PT, ferry All Settlement size, None Bivariate One country
Juntunen, urban-rural
Ala-Mantila and
Junnila
17 Holz-Rau, 2014 Germany Distance Combined All Settlement size, SED Regression One country
Scheiner and Sicks density, (two-step: probit,
accessibility OLS)
18 Ottelin, Heinonen 2014 Finland Emissions Air, car, PT, ferry All Density None Bivariate One country
and Junnila
19 Reichert and 2015 Germany Participation, Air, Car, Train All Density, settlement SED, car Regression One country
Holz-Rau distance, mode size, PT access (two-step: logit,
OLS)
20 Boucher 2016 USA Emissions, Air, Car All Density SED, SP Regression (OLS) One country
participation,
frequency
21 Reichert, 2016 Germany Emissions, Alr, car, PT, All Density, settlement SED, Car Regression One country
Holz-Rau and participation combined size, accessibility, (two-step: logit,
Scheiner PT Access OLS)
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Table 1. Continued.

No Authors Yr. Country Travel behavior Travel modes Travel geog. extent Urban form Controlled Analysis method  Study geog. extent
variables aspects variables

22 Neess 2016 Norway, Denmark Distance, Air, Car Regional, Distance to center, SED, 2nd home Regression, One city
frequency international housing type Qualitative

23 Arbués, Bafios, 2016 Spain Mode Car, train, bus Domestic Settlement size, SED, SP Bivariate, One country

Mayor and Sudrez density, PT access regression (utility,
logit)

24 Bruderer Enzler 2017 Switzerland Participation, Air All Density, airport SED, SP Regression One country

emissions access (hurdle: probit,
OLS)
25 Chen, Hadjikakou, 2017 Australia Emissions Car, PT, air All Urban- suburban None Bivariate One city
Wiedmann and
Shi
26 Ottelin, Heinonen 2017 Finland Emissions Combined All Urban-rural SED Regression One country
and Junnila
27 Czepkiewicz, 2018 Finland Emissions, Car, train, bus, Domestic, Urban- suburban/  SED, car, workload Bivariate, One city
Ottelin, participation plane, ferry, international PT access, housing regression
Ala-Mantila, combined type, private yard
Heinonen,
Hasanzadeh and
Kytti

Abbreviations and terms used in the table:

e SED: Socioeconomic and demographic variables.

e Car: Variables related to car availability, car ownership, and driver licenses.

e SP: Sociopsychological variables such as environmental concern, travel-related attitudes, lifestyle preferences, political orientation, etc.
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Comparisons within
metropolitan area

Participation and
distance/emissions
analyzed separately

Long-distance
travel analyzed
Separately

All long-
distance travel
included, not 6 \
analyzed
separately

Y
=
LA
A

4%

International air
travel excluded

Coverage of analysis on long-distance travel

insignificant)
Striped green-red = separate analyses yield divergent results
Yellow = not applicable

Triangle = bivariate analysis on long-distance travel

the list of articles in table 1.

Geographical scope

Comparisons of settlement
size (population)

Green = the amount of travel (e.g. participation, trip number, distance, emissions, energy use) increase with increasing level of
urbanity (e.g. density, increasing settlement size, and/or decreasing distance to city center)

Red = the amount of travel does not increase with increasing level of urbanity (the relationship is negative or statistically

Square = multivariate regression analysis controlling for socioeconomic and demographic (SED) variables

Diamond = multivariate regression analysis controlling for SED variables and socio-psychological variables

Figure 1. The findings of the reviewed articles on the association between urban structure and long-distance travel. Numbers refer to

National and regional
urban-rural comparisons

VN N

NN
oo e
£l

to the geographical scope and the coverage of analy-
sis on long-distance travel. It should be noted that the
classification is not ordinal but descriptive. Table Al
in the appendix gives more details on the impact
of urban form aspects on long-distance travel under
various circumstances by presenting the regression
coefficients from the reviewed studies that include
regression analysis for long-distance travel.

The majority of the reviewed studies found positive
associations between level of urbanity and long-
distance travel. In figure 1, these studies have a green
icon. Studies marked with a red icon did not find such
a relationship. Many of the reviewed papers tested
separately several urban structure variables, such as
population density and distance to city center. In addi-
tion, some studies analyzed several outcome variables,
such as number of trips and travel distance separately.
Thus, some of the articles have a red-green striped icon.
These studies found a positive relationship in some
cases, but not in all (see table Al in the appendix).
The two studies marked with yellow icons do not
address the question, but rather study mode choice
(Arbués et al 2016) or a specific car-free settlement
(Ornetzeder et al 2008).

The reviewed studies varied in their main method
of analysis. In figure 1, studies that used only bivari-
ate analysis to examine the relationship between urban
structure and long-distance travel are marked with a
triangle icon. Studies that used regression analysis and
control at least for income are marked with a square
icon. Most of these studies controlled other socioe-
conomic variables as well, but the selected variables
varied from study to study. The studies that con-
trolled sociopsychological variables are marked with
a diamond icon.

The results varied depending on the geographi-
cal scope of trips. When only domestic or regional
trips were included, association between urban density
and amount of long-distance travel appeared negative.
When international trips were included, the association
between urban density and amount of long-distance
travel was positive. In many studies longer holiday
trips by plane were found to increase in relation to
bigger and more densely built settlements, even when
controlling for sociodemographic variables. In the fol-
lowing sections, we review the findings and the methods
of the articles in more detail, dividing them according
to geographic scope of comparison (metropolitan to
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national), and geographical scope of travel (inclusion
of domestic and international trips), and in the final
section we summarize the amount of trade-off in emis-
sions between low-density and high-density locations.
It should be noted that the division into domestic and
international trips is mostly applicable to Europe and
other regions with relatively small countries, whereas
in countries such as the United States, Brazil or China
an additional level of division, such as state or province,
might also be meaningful.

3.1.1. International trips included—regional urban
form measures

Bivariate analyses show large regional differences in
long-distance travel behavior between settlements of
distinct size and density levels, with residents of the
largest cities and metropolitan areas traveling the
most (Brand and Boardman 2008, Nicolas and David
2009, Heinonen et al 2013a). After controlling for
demographic, socioeconomic or sociopsychological
variables, the effects of settlement size, agglomera-
tion level, and urban density remain significant and
positive in most studies (Frindberg and Vilhelmson
2003, Brand 2009, Brand and Preston 2010, Holz-
Rau et al 2014, Reichert and Holz-Rau 2015, Reichert
et al 2016, Bruderer Enzler 2017), with only one study
from outside of Europe showing lack of association
with population density (Boucher 2016).

A bivariate analysis by Nicolas and David (2009)
showed a positive correlation between size of French
agglomerations and emissions from long-distance
travel of their residents, with disproportionately high
emissions in the Paris region. A similar picture was
drawn by Heinonen et al (2013a) who showed that
air travel is more frequent in more urbanized areas of
Finland (and especially in the Helsinki Metropolitan
Area), while car use shows a reverse association with
density. Brand and Boardman (2008) report that while
the amount of car travel and its emissions are higher
in rural areas than in large urban areas, the amount
of air travel and its emissions show a reverse rela-
tionship. Total emissions from personal travel were
also the highest among those living in large urban
areas in the studied region of Oxfordshire (Brand
and Boardman 2008).

After controlling for demographic, socioeconomic
or sociopsychological variables, the effect of urban
form remains significant but smaller in magnitude, and
the interpretations are more nuanced. Brand (2009)
and Brand and Preston (2010) find that emissions
from air travel are smaller among residents of rural
and medium urban areas than among residents of large
urban areas. Frindberg and Vilhelmson (2003) sim-
ilarly show that people living in large Swedish cities
tend to take more international trips than people liv-
ing in rural areas. The results of a German study
(Holz-Rau et al 2014, Reichert and Holz-Rau 2015,
Reichert et al 2016) found that residents of large cities
are more likely to participate in long-distance travel,

M Czepkiewicz et al

travel further for leisure purposes, and cause higher
emissions from long-distance travel than those who
live in smaller settlements. The results also hold true for
agglomeration level, with the size of the municipality
held constant (Reichert et al 2016). Similarly, Brud-
erer Enzler (2017) concludes that residents of more
densely populated areas in Switzerland fly more often
and cause more greenhouse gas emissions from air
travel than those who live in more sparsely populated
areas. Conversely, Boucher (2016) found that census
tract population density in the US is not significantly
related to the air travel carbon footprint.

Besides travelled distances, there may be differences
in rates of participation in certain types of travel. In
the study of Reichert and Holz-Rau (2015), the higher
amount of long-distance travel among residents of
agglomerations and large cities was found to be largely
due to the higher proportion of people who travel by
train or airplane. According to Reichert and Holz-Rau
(2015), the propensity to take train trips instead of
car or airplane trips is partly explained by access to
inter-urban train stations. The authors did not directly
test the effect of airport accessibility, but it may be
captured in their models by agglomeration level and
municipality size. Bruderer Enzler (2017) did test air-
port accessibility directly and found that it positively
influences the likelihood to fly for leisure purposes
among Swiss residents, while controlling for population
density.

The results presented above show differences in
long-distance travel patterns on a national or regional
scale, and analyze their association with settlement size,
agglomeration level and regional density levels. How-
ever, urban planning policies often pertain to urban
form characteristics on a metropolitan and local scale,
such as neighborhood density, local access to services,
or city compactness.

3.1.2. International trips included—Ilocal urban form
measures
Both bivariate and multiple regression analyses suggest
that people who live in densely built, pedestrian-
friendly, and centrally located neighborhoods travel
more over long-distances than those who live in more
suburban locations. The results pertain specifically to
air travel (Holden and Norland 2005, Ness 2006,
Ornetzeder et al 2008, Holden and Linnerud 2011,
Ottelin et al 2014, Naess 2016, Czepkiewicz et al 2018)
and weekend trips (Neess 2006). On the other hand, the
results regarding access to private or public green spaces
are mixed (Holden and Norland 2005, Naess 2006,
Holden and Linnerud 2011, Bruderer Enzler 2017).
Of the regression studies that control for socioe-
conomic and demographic variables, Holden and
Norland (2005) and Holden and Linnerud (2011) have
found that energy spent on long-distance leisure travel
by plane increases with residential density but not with
distance to city center or local centers in Oslo. Neass
(2006) has found that local density of population and
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workplaces at the neighborhood level in Copenhagen
positively influences the likelihood of making weekend
trips, distances traveled on weekend trips, and taking
holiday trips by airplane. After controlling for local
density, the distance to city center was associated with
distances traveled on weekend trips and taking holiday
trips by airplane, but not with the likelihood of making
weekend trips (Neess 2006). After extending the study
to three cities in Denmark and Norway, Nass (2016)
concludes that inner city residents make private flights
more frequently than others.

Czepkiewicz et al (2018) report that residents of
central pedestrian zones of the Helsinki Metropoli-
tan Area are more likely to travel internationally and
take more flights abroad than those who live in more
suburban and car-oriented locations, and that place
of residence is only weakly related to participation in
domestic travel. They also report that the amount of
emissions from international travel is lower among
those who live in one of the suburban zones than
among those who live in the central pedestrian zone
of the region. The residents of German neighborhoods
with better walking access to groceries are more likely
to participate in long-distance travel and associated
emissions (Reichert et al 2016) and travel further dur-
ing long-distance overnight trips for private purposes
(Holz-Rau et al 2014). However, the associations were
rather weak compared to municipality size or regional
density (Reichert et al 2016).

The association between local urban density and
leisure travel away from a city have been attributed to
lack of opportunities for recreation and contact with
nature close to home. There is currently only lim-
ited evidence for such a claim. Neess (2006) reports
that the number of airplane trips for holidays was
slightly higher among respondents with access to a
green area above 10 ha close to home, after control-
ling for several sociodemographic and psychological
variables. Using housing type as a proxy for access to
a private garden, he concludes that it is not correlated
with the number of leisure flights per year. Conversely,
Holden and Norland (2005) and Holden and Lin-
nerud (2011) found that access to a private garden is
related to lower energy use for leisure travel by Oslo
residents, both by car and plane, regardless of hous-
ing type or residential density level. Bruderer Enzler
(2017) controlled in one model for ‘seeing greenery
from one’s apartment’ along with urban density, but
found no significant relationship with participation
in air travel.

In general, the literature reviewed indicates a pos-
itive association between a variety of urban density
and agglomeration measures and long-distance leisure
travel. Similar results can be found in studies conducted
on various geographical scales: metropolitan, regional,
and national. However, when international trips, and
particularly flights, are not included in the analysis,
the associations between urban form and long-distance
travel show a strikingly different pattern.

M Czepkiewicz et al

3.1.3. Only domestic or regional trips included

Studies that did not include international trips and were
conducted on a national scale suggest that amount of
long-distance leisure travel decreases with higher pop-
ulation density (Limtanakool et al 2006a), and larger
municipality size (Dargay and Clark 2012). The results
about mode choice are mixed and inconclusive (Lim-
tanakool et al 2006b, Arbués et al 2016).

The results reported by Limtanakool et al (2006a)
suggest that residents of British lowest-density areas
are more likely than others to participate in leisure
travel by both private car and train. Similarly, Dargay
and Clark (2012) report that residents of metropolitan
areas in Great Britain (and especially London) travel
the least in terms of distance, while those from rural
areas travel the most. Limtanakool et al (2006a) show
similar results for the Netherlands, but the significant
differences between areas of different density pertain
only to participation in train trips. None of the reviewed
studies reported greenhouse gas emissions associated
with domestic trips.

This review includes two studies on mode choice
in domestic trips. Arbués et al (2016) report that trips
originating from smaller settlements in Spain are more
likely taken by train than by car compared to those
originating from bigger cities, and that trips originat-
ing from non-metropolitan areas are more likely taken
by bus than by car compared with trips originating
from metropolitan areas. In a study by Limtanakool
et al (2006b), higher urban density at the destination
increased the likelihood of choosing train over car for
longer distance trips.

Allthe studies on domestic travel that were reviewed
applied multivariate regression models and controlled
for income and other socioeconomic variables, as well
as for car availability. The latter is typically corre-
lated with urban density and settlement size, which
turther highlights the role of urban form. Interest-
ingly, Dargay and Clark (2012) report that domestic
long-distance travel is greater for individuals living in
detached houses, even when income and settlement size
was controlled for. Limtanakool et al (2006a) suggest
that residents of less urbanized areas use leisure trips to
reach services not offered by their own settlements but
located in bigger cities. The differences between Great
Britain and the Netherlands suggest that participation
in domestic long-distance travel is further modified by
the overall settlement structure in a country and the size
of the country itself (Limtanakool et al 2006a). Mode
choice is further modified by access to infrastructure,
among other factors.

The small number of studies reviewed and the
methodological differences between them do not allow
us to draw definitive conclusions, but some patterns
arise. Most importantly, when only domestic travel is
analyzed, the amount of long-distance leisure travel
appears to decrease with increasing settlement size
and population density. The results on mode choice
are mixed and more studies from different countries
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are necessary to strengthen the evidence and provide
explanations. For instance, urban-rural differences in
amount of domestic travel might be higher in coun-
tries with strongly dominating capitals (such as Great
Britain, France, or Finland), and smaller in more
polycentric countries (such as the Netherlands or G