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Urban green space (UGS) provision across cities is often assessed from per capita quantities. However these
aggregate measures say little about the actual use of UGS because they ignore the relative location of UGS and
citizens. Spatial accessibility approaches consider this relative location but mostly assume that benefits happen
within close proximity of residences. We challenge this assumption for three European cities comparatively,
based on similarly acquired survey data. We study which factors influence how far people travel to their most
used UGS, as defined by users themselves. We find that travelled distances (1.4-1.9 km) and inter-city differences
are surprisingly high compared to the few hundred meters set in policy targets and accessibility analyses. We
identify socio-demographic effects and a role for perceived rather than objective quality of local UGS. More than
a spatial interaction trade-off between proximity and size, our results suggest that UGS visits are part of a more
complex set of activities, further away from residences and with a diversity of sizes and proximities. Our results
call for a re-evaluation of UGS analytical practices and provision policies beyond aggregate and accessibility

perspectives, towards multi-scalar and spatially varying measures.

1. Introduction

Urban green spaces (UGS) are vital elements of cities. They provide
many environmental benefits and improve citizens’ quality of life (e.g.
Chiesura, 2004; Konijnendijk van den Bosch et al., 2013; Tzoulas et al.,
2007) by improving air filtration (e.g. Jayasooriya et al., 2017; Jim &
Chen, 2006), reducing heat islands (e.g. Bowler et al., 2010; Kabisch &
Haase, 2014), or contributing mental and physical health benefits (e.g.
WHO, 2016). It is not surprising that providing better quality green
infrastructures now becomes an integral part of urban policy agendas (e.
g. European Commission, 2020).

Although fundamental to sustainability, the provision of UGS within
cities is jeopardized by competing land uses, seen as more productive in
the short-run (e.g. offices, commercials, residences), especially in core
areas of cities where, paradoxically, population density makes UGS even
more necessary. UGS provision is also opposed by infill or densification
strategies (e.g. Haaland & Konijnendijk van den Bosch, 2015) aiming at
sustainability but implemented at coarse scales, without explicitly pro-
tecting vegetated spaces.

To benefit from UGS, individuals need to access or get close to them.

* Corresponding author.

The World Health Organisation (WHO), for example, recommends to
measure health benefits of UGS by summing residential population
within 300 m (or 5 min walk as a rule of thumb) around each UGS of
minimum 0.5 ha (WHO, 2016). Urban nature researchers also promote
similar targets: Konijnendijk van den Bosch (2021) for example rec-
ommends that every citizen could see 3 trees, live in a 30% green
covered neigborhood and within 300 m of a park. Benefits thus appear to
result from both a combination of provision in proximity and size or
coverage of UGS. Proximity implies that the spatial distribution of UGS
relative to the spatial distribution of the population is fundamental and
cannot be picked up by at the city scale (e.g. green cover percentage
alone). In other words, the composition is as important as the total
surface provided per inhabitant.

Centrality is a key dimension of the variation of the relative prox-
imity of people and UGS within cities (Picard & Tran, 2021b). UGS are
obviously easier to provide in the periphery where competition is
reduced and land more abundant than close to the center. However, in
the periphery, UGS also benefit fewer people. In addition, the
socio-economic composition of neighbourhoods changes with centrality
thus questioning whether UGS benefits accrue equitably to the
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population (Barbosa et al., 2007; Comber et al., 2008; Dai, 2011;
Kabisch et al., 2016; Wolch et al., 2014). The relative proximity of UGS
to residents is thus to be analysed with intra-urban heterogeneities in
mind and with a centrality lens in particular.

Yet, it is still a very strong assumption to imply that close proximity
to UGS - even after controlling for citizens’ heterogeneity and location -
leads to UGS use. Research has addressed the measurement of proximity,
e.g. using Euclidean or network buffers, average distances, or distance to
the nearest UGS from residences (e.g. Boulton et al., 2018; Le Texier
et al., 2018). However, the literature mostly takes for granted that po-
tential supply and accessibility command UGS use. Conversely, much of
the literature on UGS use tends to omit location as an explanatory factor.
Effects of local provision of UGS, neighbourhood morphology, patterns
of type of habitat across the city are therefore rarely explored. Talen
(2010) and Boulton et al. (2018) have stressed the need to further
research UGS supply and demand links. In order to then liaise supply,
demand and actual use, we need to observe what people actually do,
given UGS provision and residential location. We choose to look at the
distance people actually travel to visit the UGS they use the most, and try
to understand how and why those distances vary across the centrality
gradient and across different cities. We aim to separate socio-economic
characteristics and UGS characteristics effects from locational effects
and cities’ specificities.

Distances travelled to use UGS are seldom analysed and there is still
little comparative research about the determinants of the use of UGS.
Comparisons are indeed difficult because case studies are subject to
specific populations, different study area definitions or sampling
methods, or varying definitions of what a UGS is. This is why we conduct
a comparative analysis across three cities: Brussels (Belgium), Rouen
(France) and Luxembourg (Luxembourg). They vary in geographic
context, population size or socio-economic composition, thus offer a
broader scope than a single case study. We have applied the same
sampling and survey across the cases, ensuring comparability, and did
not give any a priori definition of UGS to avoid contextual or interpre-
tation bias.

In Section 2 we review evidence about the provision and use of UGS
within and across cities. Section 3 introduces our experimental design
and data. Section 4 describes the spatial patterns of distances and
explanatory factors, followed by regression results. We discuss impli-
cations in Section 5 before concluding.

2. Evidence on UGS provision and use

This section is not aimed to be a comprehensive review but aims to
frame expectations with regards to locational aspects of UGS use across
and within cities, and distances travelled to UGS. Rossi et al. (2015)
offered a wider discussion of how spatial interaction and distance decay
relate to green space use, especially visits to natural parks. More
recently, Jalkanen et al. (2020) and Zhang et al. (2021) further docu-
mented the literature on accessibility measurements. Kabisch et al.
(2015) undertook a systematic review of the empirical literature and
also stressed the lack of comparative (multi-cities) studies.

We first discuss UGS provision (potential accessibility) studies and
second UGS use studies, each time stressing comparative research and
then explanatory factors.

2.1. UGS provision

2.1.1. Pan-European and comparative research

Heterogeneities in UGS supply and demand across macro regions -
thus the potential use or accessibility to UGS - has been estimated in a
few pan-European studies. Fuller and Gaston (2009) explore the rela-
tionship between UGS and the surface and population of 386 cities. They
focus on core cities (morphological zones) and suggest a potential lack of
provision with increased compaction and densification. They also show
important discrepancies across Europe (with larger UGS provision per
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capita in the North) but also across cities within a single country. Their
evaluation is a-spatial, in the sense that the relative location of the de-
mand (population) and supply (UGS) is not accounted for within cities.
Kabisch et al. (2016) provide such a spatial consideration and use a
larger city definition including periphery (functional areas). They esti-
mate a green space supply-demand link by computing population within
300 m and 500 m buffers around UGS (designated urban green or forest
patches of minimum 2ha). They also report a North-South divide. Boura
and Caruso (2020) consider over 800 cities in Europe which they typify
according to their green cover and the distribution of vegetated land
relative to residential areas within functional regions. They incorporate
potential proximity through contiguity and landscape metrics rather
than through distance thresholds. They find East-West differences in
addition to a North-South effect. Our three case studies fall in separate
clusters of this study, with Rouen being part of the average European
reference type, Luxembourg being in a more forested city type, and
Brussels within a group of more artificialised cities. We can thus expect
an ordering of our cities with increasing distances to access UGS from
Luxembourg, Rouen and then Brussels.

There are many individual case studies contrasting UGS provision
and accessibility within a city and across socio-economic groups but
comparative analyses of UGS provision across cities are still rare. Badiu
et al. (2016) compare UGS surface per capita across 38 Romanian cities
and find that UGS provision reduces when built-up density and distance
to important roads increase, and with lower city hierarchy (adminis-
trative level and population). Madureira et al. (2015) analyse perceived
(not actual) UGS benefits in Paris, Angers, Lisboa and Porto. They find
no effect of city size and suggest that national context and local factors
explain the small differences across cities. Ngom et al. (2016) compare
UGS accessibility (again not use) in Montreal and Quebec using travel
costs and spatial interaction approaches. They suggest potential equity
issues and longitudinal (time) effects in the provision and access. The
smaller city of Quebec is shown to provide more equitable access, while
gentrification seems ongoing in some denser neighbourhoods of
Montreal.

2.1.2. UGS provision factors

There are few authors who conceptualise the provisioning mecha-
nisms of UGS in relation to demand. Boulton et al. (2018) indicate from
their systematic review that regional/municipal budgets, knowledge
resources and governance are the most addressed explanatory factors of
UGS provision. Spatial mechanisms are seldom addressed. Picard and
Tran (2021a) pick up the argument of centrality and formally demon-
strate that the provision of UGS is non-linear with distance to the centre.
The tension between higher population density close to the centre (thus
more demand) and the higher availability of land in the periphery,
where demand for UGS is lower, leads to an inverted U-shape of UGS
provision along the accessibility gradient. Choumert and Cormier
(2011) find evidence of spatial spillover effects in the provision, which
they relate to mimetic developments of neighbouring municipalities and
a tendency for newer developments to be planned with more parks than
before. Yet, while the concavity of Picard and Tran (2021a) or the
spillover effects of Choumert and Cormier (2011) progress our under-
standing of spatial differences in provision within cities, a link to actual
UGS use is still missing.

2.2. UGS use

2.2.1. Dimensions and comparative research

There are two main dimensions to UGS use: frequency and duration
of visits. In empirical literature, UGS use is mostly addressed by ques-
tioning urban residents about the frequency of visits to UGS (e.g. Aziz
et al., 2018; Bertram et al., 2017; Conedera et al., 2015; Coombes et al.,
2010; Fischer et al., 2018; Giles-Corti et al., 2005; Jones et al., 2009;
Neuvonen et al., 2007; Refshauge et al., 2012; Schindler et al., 2018;
Schipperijn et al., 2010; Scott et al., 2007) and duration of visits (e.g. Lin
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et al., 2014; Refshauge et al., 2012).

Most research is based on a single city and transfer to other cases is
difficult because of different data gathering or surveying methods. Some
research though is comparative, and actually consider distance related
questions. Zwierzchowska et al. (2018) compare visitors perceptions
and uses of 8 parks across Bucharest (Romania), Poznan (Poland) and
Salzburg (Austria). Priess et al. (2021) interviewed visitors of urban
parks in central Coimbra (Portugal), Leipzig (Germany) and Vilnius
(Lithuania). Distance from the park to their residence and work places
were compared to ecosystem services and across cities. Schetke et al.
(2016) conduct an online survey in Kharachi (Pakistan) and
Ho-Chi-Minh City (Vietnam) and investigate distance and perceived
distance effects. A web survey was also conducted by Bertram and
Rehdanz (2015) for four European cities.

2.2.2. UGS use factors

Three types of factors are found to determine UGS use in this liter-
ature: (i) households’ characteristics (education, income, ethnicity, at-
titudes); (ii) UGS’ characteristics (size, equipment, vegetation); and (iii)
the local accessibility of UGS. This third aspect is objectively measured
by buffers or distance metrics, then associated to spatial units or directly
to respondents, or retrieved subjectively from respondents.

Results generally suggest that good local provision and access pro-
mote UGS use and satisfaction (e.g. Bertram et al., 2017; Giles-Corti
et al., 2005; Havret, 2020; Jim & Chen, 2006; Maat & de Vries, 2006;
Neuvonen et al., 2007; Priess et al., 2021; Roovers et al., 2002; Zhang
etal., 2015). Mixed results are also obtained where accessibility is not as
important as socio-economic, attitudes or perception factors, or showing
that both are difficult to disambiguate. For example, Lin et al. (2014)
show that individuals’ orientation towards nature affect UGS visitation
behaviour more than the availability and ease of access. Refshauge et al.
(2012) stress cultural effects on the frequency and duration of visits to
playgrounds. Priess et al. (2021) observe differences between cities,
which the authors explained by differences in both cultural and UGS
provision.

Within the corpus of research that explicitly consider distance or
time, Schipperijn et al. (2010) find that distance to UGS is not always a
limiting factor of use. Bertram et al. (2017) identify reduced effects of
time and distance for weekend visits. They also find inconsistent effects
across different distance buffers. Zwierzchowska et al. (2018) find no
meaningful relationship between the time travelled to the investigated
parks and the local provision in terms of the distance to the closest park
from home. They also find that in 66% of cases, respondents have
travelled more than 800 m to reach the park.

Distance to UGS is definitely used to explain UGS visits (frequency
and duration), but travelled distances to UGS have so far not been
considered as an outcome to be explained as such. To the best of our
knowledge, there are only two exceptions where a regression is reported
of travelled distance to UGS against a series of factors: In the case of
Brisbane, Lin et al. (2014) find a relation with age and attitudes towards
nature, but no significant effect of local provision (park cover in buffers
ranging from 250 to 1000 m). In the case of Brussels, Schindler et al.
(2018) report a quantile regression as part of a larger estimation of the
willingness to substitute private space or to pay for more UGS. Low local
provision and larger UGS are found to increase distances travelled. The
authors also suggest a self-selection effect: both attitudes relative to UGS
and socio-economic characteristics impact residential choices, which in
turn impact frequency of UGS use, and then the distance travelled to
UGS. Similar self-selection or identification problems due to residential
choice are suggested by Maat and de Vries (2006); Spielman et al.
(2013).

Factors explaining the actual distance travelled to UGS are clearly
under-reported. This is an important gap because distance is a dimen-
sion of UGS provision that speaks to planners and because policy targets
are set in maximum distance terms (e.g. WHO, 2016). The current sit-
uation leads to the limited assumption that benefits automatically
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accrue to the population within 300/500 m of a formally defined UGS
and that promoting local provision everywhere would suffice as a policy
instrument. But such a policy is both unlikely in times of densification
and is prone to side effects, such as a mismatch between the provision
and the location of those more in need or green gentrification. We
engage in deconstructing this by analysing how locational factors,
especially distance to the city centre and the local provision of UGS, and
individual factors can explain the distance travelled to UGS.

3. Empirical methodology

Our general methodology consists in (i) collecting the location of the
most used UGS among surveyed inhabitants of three European cities
(Luxembourg (Luxembourg), Brussels (Belgium) and Rouen (France)),
(ii) measuring the distance between this declared UGS and home for
each respondent, and (iii) regressing that distance against potential
explanatory factors. We detail below the survey design, the computation
of the distance, the variables and the hypotheses attached to each var-
iable (covariate), and the specification of the regression model. In the
Results section, we report the spatial pattern of distances and covariates,
then the results of the regression model.

3.1. Survey design and sample

Face-to-face surveys with closed questions were conducted using the
same protocol in spring 2016 in Brussels, and 2017 in Luxembourg and
Rouen. For internal validity and consistency across cases, the same team
(including at least one of the author accompanied by trained students)
conducted the survey in all three places with one author present in all
cases. Pilot tests were conducted among students (any departments) in
Luxembourg to validate the questions and to refine languages (choice
was given to respond in German, French or English). The survey
included questions on (i) respondents’ stated attitudes towards UGS and
use patterns (e.g. frequency of use, travelled distance, location of
preferred UGS), (ii) their residential location, and (iii) their socio-
economic background.

We applied a convenience sampling approach, without setting an
explicit geographic boundary for respondents. Rather, survey sites were
carefully identified along a series of urban-suburban transects in all di-
rections from the main center for each city. This sampling allowed us to
capture individuals with different socio-economic backgrounds and the
effect of different residential environments, especially in terms of cen-
trality and UGS local endowment. The transect approach also leads to a
continuum in space, both for UGS types and residences, thus avoiding an
artificial differentiation between urbanites and suburbanites. Our study
areas are indirectly defined by the sampling: presence at survey sites
simply demonstrating a functional link with the considered city. Where
respondents were obviously passing-by with little connection to the city
or its close suburbs, they appeared as outliers and were removed from
the data (most actually declined answering the survey when the goal
was explained).

All survey sites were publicly accessible locations (shopping center
entrances, street intersections, or public squares). On purpose, they were
not designated UGS in order to (i) avoid bias from a specific UGS; (ii)
allow for informal UGS to be declared as destinations; and (iii) include
frequent, rare and non UGS users, thus avoiding the selection bias one
could find when interviewing directly within one or more UGS. The
method also de facto selected citizens with a certain degree of autonomy
and mobility, which is important given our focus on travelled distance
(although we agree with Stafford and Baldwin (2018) that accounting
for all abilities is important for a fair access to UGS).

Further information on the survey content and process (for Brussels)
can be found in Schindler et al. (2018). After data cleaning, this study is
based on 562 responses in Luxembourg, 503 in Brussels and 510 in
Rouen (i.e. 94% of collected data).
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3.2. Most used UGS and walking distance

Survey respondents were invited to point both their home and the
UGS they use the most on a digital map (using ODK Collect, see https://g
etodk.org). Unconstrained moving, zooming and search tools of the app,
as well as interaction with the investigator were used to solve orienta-
tion problems if any.

No information about what a ’green space’ is was provided at the
start of an encounter, so that the definition of UGS is eventually left to
respondents. In case respondents raised a difficulty, the following was
suggested by the investigator: ”any publicly accessible space with nat-
ural elements in either small or large quantities”. Eventually, 50 UGS
were pointed out in Brussels and around 100 in the case of Rouen and
Luxembourg. They comprise a large diversity of UGS types, informal or
formal (playgrounds, pocket parks, public gardens, allotments, managed
forests), with size varying from 0.005 to 15 ha in Brussels, 0.001-63 ha
in Luxembourg, and 0.001 ha-50 ha in Rouen.

For sampling control, survey respondents also reported UGS use
frequency. In case of a mismatch, i.e. a UGS located but ‘never’ reported
as a frequency, respondents were removed.

Based on each pair of residential and UGS points, an objective
walking distance along the network was computed using the Google
routing algorithm (R-package ggmap implementation (Kahle & Wick-
ham, 2013)). While the algorithm may under-perform for pedestrian
travel compared to driving, it is better than Euclidean at such a
micro-scale and comparable across cases. Alternative algorithms based
on Open Street Map for example might be prone to important data dif-
ferences for pedestrian tracks and sidewalks. Origin and destination
coordinates precision was obtained directly from respondents, e.g.
including accurate destination points within a larger park, without
therefore the need to model UGS limits and entry points.

3.3. Variables and hypotheses

Following the literature, we expect travelled distances to depend on:
(H1) UGS characteristics; (H2) the centrality of respondents’ residence;
(H3) UGS provision around residence; and (H4) individual socio-
economic characteristics. The measurement of these factors and
related expectations are described below. In addition, we expect inter-
city differences due to different overall green coverage and city size,
making up a fifth hypothesis (H5).

H1. Characteristics of visited UGS

Only the size of the most used UGS is considered here, partly due to
the difficulty of characterising UGS similarly across different cities and
the impossibility to survey all reported UGS. The size of each reported
UGS is retrieved from OSM (OpenStreetMapcontributors, 2016).
Although this is a strong assumption, considering size as the key UGS
characteristic is in line with previous studies (Giles-Corti et al., 2005;
Schindler et al., 2018; Schipperijn et al., 2010; Van Herzele & Wiede-
mann, 2003) and more generally with spatial interactions research. We
expect UGS size to command longer travelled distances.

H2. Residential location

We compute the Euclidean distance between respondent’s home and
the respective city centre (city hall). Large outliers (i.e. > 20 km) are
removed to ensure that each sampled person is connected to the city
region and that the expansion of the three cities relative to their size is
similar (following the general law of urbanisation profiles given by
Lemoy and Caruso (2020)). Besides being a control, the distance to the
centre is our indicator of centrality. It accounts for the urban-suburban
gradient along which residents trade-off a higher proximity to central
activities with a generally greener periphery. It also captures unmea-
sured locational qualities related to centrality, such as local built-up
density or air quality (Schindler & Caruso, 2020). Our expectation is
that the more central a location is, the longer residents need to travel to
enjoy UGS. This is not likely to be linear however as Picard and Tran
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(2021a) found that UGS provision peaks near the city fringe.

In connection with centrality, we also consider the dwelling type of
respondents (3 categories: flat; semi-detached or terraced; detached).
Our hypothesis is that having more living space available reduces the
need to use local UGS, which may push respondents to travel further in
order to experience a different environment or a larger UGS. If this
assumption is valid and housing type correlated with distance to the
centre, we can expect it counteracts the centrality effect. (Note that
owning a private garden or not was also recorded, but the type of
housing was more discriminatory in our model selection).

H3. Local UGS provision

The provision of UGS around home is measured subjectively and
objectively. Respondents were asked how satisfied they are with the
quality of UGS within 5 min walking distance from home (3 categorical
responses: not at all; somewhat; very). As an objective measure, we
compute the share of UGS within a 400 m walking distance around each
home (in line with e.g. Van Herzele & Wiedemann, 2003; Schindler
et al., 2018) using OSM data (OpenStreetMap contributors, 2016). In
addition, we compute the network walking distance to the nearest UGS
for each residential location. We expect low objective or subjective UGS
provision to act as constraint and require respondents to travel further to
use UGS.

H4. Socio-economic characteristics

Various individual and household characteristics of respondents
were retrieved, including age, gender, occupational status, household
size, education level, car ownership and nationality (European/non-
European). As previous studies found (e.g. Barbosa et al., 2007; Comber
et al., 2008; Ernstson, 2013; Shafer et al., 2013; Tyrvainen et al., 2007),
residents’ socio-economic background might pose constraints to UGS
use and therefore impact the distance travelled.

H5. Inter-city differences in UGS use patterns

Our cities differ at least in size and overall provision of UGS.
Although our study areas are not strictly defined, the corresponding
Urban Atlas population for these functional urban regions are: Brussels
1.2 million; Luxembourg 590,000; and Rouen 466,000 inhabitants.
According to Boura and Caruso (2020) they also differ with respect to
the provision and integration of green space within their urban fabric.

We therefore expect that the average distance travelled varies per
city and that the effects of the above factors are influenced by city size
and overall UGS provision. For a similar city size, we expect respondents
of Rouen to travel further to use UGS because of the lower provision of
UGS in general, and particularly in the central part of the city compared
to Luxembourg. In Brussels, the lower general provision of UGS should
lead to longer travel distances. However neighbourhood and socio-
economic effects might be stronger in this larger city. Following
Schindler et al. (2018) we thus expect the size of a UGS and respondents’
socio-economic background to have a more discriminatory effect than in
the other two cases.

3.4. Model specification

We apply a multi-level model with random slopes and intercepts to
account for the hierarchical (spatial) structure of our data, i.e. distrib-
uted across the three case study cities. The framework allows for varying
explanatory effects for each city, and quantifying heterogeneity of ef-
fects across cases is one of our explicit goal. Various sets of simpler
regression models were run but failed to account for the spatial vari-
ability within our dataset. Despite the low number of cities we
concluded a multi-level modelling approach is appropriate given our
goal and along with relevant multi-level modelling literature (Gelman &
Hill, 2007; Huang, 2018). Our model is estimated using the ‘lme4’
package of the R statistical software (Bates et al., 2015).

In our final model, the travelled distance to the most used UGS is
logged to account for expected non-linearities and the skewed distri-
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bution (see results). We therefore estimate the following:

log(dist)ij = Po + BiXuy + PyXoy + Py Xsy + PuiXay + € @

with dist; the walking distance, subscripts i indicating individual re-
spondents, and subscripts j their city. &; is the within-city random re-
sidual at the respondents’ level. X; to X4 are explanatory variables
related to the four sets of hypotheses raised above (Section 3.3). Our
fifth hypothesis is expected to result in variations of the estimated co-
efficients 1 to B4 across cities j, which are composed of a fixed and
random (per city) part. f}; are the random intercepts, showing variations
in travelled distances across cities after controlling for all the effects.

Our model specification and selection was made with the intention of
testing the 4 sets of hypotheses while gauging improvement with respect
to the hierarchical null model (2 test) and any remaining spatial
structure in residuals (visual inspection).

4. Results

We first describe and analyse the spatial pattern of distances trav-
elled to the most used UGS (Section 4.1). We then describe our hy-
pothesized covariates and their variations across cases (Section 4.2). We
finally present and discuss the estimates of the multilevel model where
the travelled distance is regressed against explanatory factors (Section
4.3).

4.1. Distance to most used UGS

On average, respondents in Rouen (4.4 km) and Luxembourg (3.9
km) travel significantly further (Welch Two Sample t-test) than re-
spondents in Brussels (2.9 km). Given the long skewed distribution
(Fig. 1), medians, respectively 1.9 km (Rouen), 1.7 km (Luxembourg),
and 1.4 km (Brussels) are better indicators. A first important finding is
that these values are strikingly high compared to the few hundred me-
ters or 5 min walk used in supply or accessibility literature. The ranges
also suggest a significant recourse to motorised trips.

Note that there are important differences in terms of frequency of
UGS use across cases, with about twice as many respondents seldom
visiting UGS in Rouen compared to the other two cases, thus calling for
cautious interpretation.

Figs. 2-4 show the spatial pattern of UGS use as reported by re-
spondents, overlayed on top of the UGS location as of OSM maps. Each
arrow depicts a link between a respondent’s home and their most used
UGS. Patterns are markedly different across the three cities:

Brussels has its largest UGS in the South East of the city and it is the
most visited. There are also a number of small-sized UGS spread across
the more central area and links show that these are destination points,
sometimes attracting users from distant parts of the city. Other than in
Luxembourg and Rouen, where patterns are centrality related, we find a
multiple-stars-like pattern of use.

The overall provision of UGS for Rouen and Luxembourg is more
spatially balanced than in Brussels, with a green periphery in all di-
rections. Only few UGS are located in or near the centre in Rouen while
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Luxembourg has a green belt just next to the city centre in addition to a
large UGS provision beyond the city ring road. Mapped links show that
many respondents visit UGS in the city centre of Luxembourg and some
specific UGS a few km around the centre. The arrows thus indicate both
centrifugal and centripetal patterns in Luxembourg. In Rouen, the lack
of UGS availability in the centre leads to a largely centrifugal pattern of
use.

4.2. Sample and factors description

The share of responses for each categorical variable and means for
the continuous variables are reported in Table 1 to understand the range
of variation and uncover inter-city differences (H5) in potential
explanatory factors.

First (H1), we find substantially larger UGS for Rouen (1.5 ha) and
Brussels (1.4 ha) compared to Luxembourg (0.4 ha). Given the travelled
distances, a simple spatial interaction hypothesis does not seem well
suited: much lower distances would be expected for the case of
Luxembourg.

Second, regarding centrality (H2), the average distance to the city
centre is similar across cases, suggesting that the sampling led to com-
parable catchment areas. Given the size of the city we unsurprisingly
capture a larger proportion of respondents living in more compact
dwellings in Brussels.

Third (H3), our subjective measure of local UGS provision shows that
overall our respondents are very satisfied with the quality of the local
provision. Given the large travelled distances, this comes rather as a
surprise and suggests that visiting a UGS is not necessarily the same
consumption "good’ as living in close proximity to one. We note a clear
advantage of Luxembourg over the two other cases in terms of satis-
faction. Note that satisfaction was aggregated into two classes only for
the model. The objective measure of the share of UGS around homes is in
line with Luxembourg doubling the shares found in Brussels and Rouen.
The average distance to the nearest UGS, however, is largest in
Luxembourg (1.2 km). The 300 and 400 m of Rouen and Brussels put
those cities close to typical policy targets.

Finally (H4) our sample exhibits similar distributions of socio-
economic characteristics across the three cities. Yet, car ownership is
higher in Luxembourg (Luxembourg has the highest car ownership rate
in Europe, see ACEA, 2021) compared to Brussels, where most re-
spondents have no car. Rouen respondents are slightly older while
Brussels and Luxembourg, both capital cities, have a higher share of
non-European nationals. All these variations definitely support our
comparative analysis as a way to feed in a larger set of combined vari-
ations to better grasp UGS use processes.

Note that, after some tests, age was categorized into 6 classes and
both household size and car ownership into 2 for the model.

4.3. Model results and hypotheses testing

Regression results are reported in Table 2 where effects on estimated
travel distances are shown.

Frequency
5 10 15 20

0

T T T T 1 T T
0 5000 10000 15000 20000 0 5000

Distance to most used UGS [m]

(a) Luxembourg

Distance to most used UGS [m]

(b) Brussels

T 1 T T T T 1
10000 15000 0 5000 10000 15000 20000

Distance to most used UGS [m]

(c) Rouen

Fig. 1. Histograms of the distance to the most used UGS for the three case study cities.
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Distance between residential
location and most used UGS
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~ 1000 - 2000m
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Fig. 2. Spatial pattern of UGS use (arrows) overlayed on UGS supply (as of OSM, green polygons) in Luxembourg (zoom to the commune of Luxembourg). Link colors
indicate the (network) distance of the trip (yellow - short to red - long).

Distance between residential
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—— 2000 - 4000m

— > 4000m
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Fig. 3. Spatial pattern of UGS use (arrows) overlayed on UGS supply (as of OSM, green polygons) in Brussels. Link colors indicate the (network) distance of the trip
(yellow - short to red - long).
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Distance between residential
location and most used UGS

< 500m
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Fig. 4. Spatial pattern of UGS use (arrows) overlayed on UGS supply (as of OSM, green polygons) in Rouen. Link colors indicate the (network) distance of the trip

(yellow - short to red - long).

We forced the inclusion of gender into the final model to align with
previous research and since the use of p-values is not recommended
anyway for decision in mixed models. Also, no fixed effect is measured
for the size of the most used UGS because several respondents can use
the same UGS (thus size) within a city without a correspondence across
cities.

4.3.1. General inter-city difference (H5)

From the intercepts in Table 2 we find that, everything else equal,
living in Rouen increases the average distance travelled to use UGS by
almost 1 km compared to living in Luxembourg or Brussels. Beyond the
reasons for such a specificity of Rouen, this means that after controlling
for different population characteristics and the intra-urban distribution
of the population and UGS, large differences remain across cities, with
an order of magnitude equal to 2 or 3 times the normative or agreed
provision/accessibility targets of 300 or 400 m distance. It is a very large
effect and a first important result of our comparison. Further differences
across cases are discussed below together with the effects of each
covariate.

4.3.2. Effects of the size of UGS (H1)

We find that the size of UGS has a weak negative impact on travelled
distance to use UGS in Luxembourg and Rouen (not in Brussels).
Although this is a small effect, it is unexpected. The availability of many
and large forested places in the periphery of the centre (especially in
Rouen), which are actually well used (see maps) is a potential expla-
nation for this. This result suggests that the size of an UGS is not directly
a choice component, but rather an implicit characteristic of the use of
peripheral UGS. It is also another argument against a simple spatial
interactions view of UGS use.

4.3.3. Effects of centrality (H2)

Across all cities, for every kilometer residents live further away from
the city centre, they add on average 73 m (Luxembourg), 67 m (Brussels)
or 21 m (Rouen) to their trip to the most used UGS. These are not large
values but the signs contrast with the expectations that were formulated
with the idea that peripheries are greener and thus command shorter
trips.

Looking at the influence of the type of housing, results are mixed. We
find that respondents who live in a detached house rather than a flat
tend to have shorter UGS trips in the case of Brussels and even more in
Rouen (where the share of respondents in this group is very large). This
suggests a substitution of UGS with more private green space (usually
related to detached houses). The positive value for Luxembourg then
tends to support the assumption that respondents search another expe-
rience than their private space, for example formal UGS with desired
facilities which are more present near the city fringe, or for example a
different time of use (e.g. lunch time versus weekends). This second
assumption is also supported by the fact that coefficients are positive for
the semi-detached houses, which is a less dense building form than flats
(used as reference). The difference with detached houses, however, re-
mains quite difficult to understand and would require a fuller compar-
ative analysis of the distribution of building stocks across each area.
Despite a transect-based sampling and thus a similar catchment area, we
had more respondents living in flats in Brussels, indicating a steeper
urban-suburban density gradient.

4.3.4. Effects of the local UGS provision (H3)

Respondents who stated that they are very satisfied with the quality
of local UGS tend to travel less far to reach an UGS. This is one of the
clearest results of our experiment. It is consistent across cases and fully
in line with our expectations: a well perceived local provision reduces
travel distances. The impacts are also substantial in range, leading to
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Table 1

Percentage of survey respondents per category or variable mean per city. Data

type: c-continuous, d-discrete.
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Table 2

Results of the multi-level model: Fixed and combined coefficients (expo-
nentiated coefficients minus 1). For example, a 1 km increase of the distance to
the centre is associated with an increase of 0.01% of the walking distance in
Luxembourg. Significant codes: 0 “***’, 0.001 “**’, 0.01 “*’.

Number of survey respondents Luxembourg  Brussels Rouen  type
562 503 510
Travelled distance
Distance of most used UGS [km] 3.9 2.9 4.4 c
[1] Characteristics of used UGS
Size of most used UGS [ha] 0.4 1.4 1.5 c
[2] Residential location
Distance to centre [km] 3.5 3.7 3.8 c
Housing type d
Flat 55.2 63.9 51.0
Semi-detached 14.8 23.1 7.8
Detached 30.1 5.6 41.2
[3]Local UGS provision
Satisfaction with local UGS quality d
Not at all 7.3 14.7 15.3
Somewhat 15.8 28.4 26.5
Very 76.9 56.9 58.2
Share of UGS within 400 m of home 20.7 10.2 10.5 c
[%]
Distance to nearest UGS [km] 1.2 0.4 0.3 c
[4] Socio-economics
Age [years] 44.0 42.3 48.3 c
Car ownership d
None 17.3 48.7 18.2
One 45.7 40.0 55.3
Two 37.7 10.7 26.5
Education d
Primary 6.2 9.7 7.3
Secondary 36.8 34.4 58.8
University 56.9 55.9 33.9
Household size d
Single 18.5 22.5 26.5
2 33.8 28.4 37.1
3or4 37.9 33.6 28.3
>4 members 9.8 15.5 8.2
Nationality d
European 79.5 80.9 96.6
Non-European 20.5 19.1 3.3
Occupational status d
At home 31.1 33.2 40.6
Parttime 10.1 10.5 7.6
Student 8.9 9.1 7.8
Working 49.8 47.1 44.5

reductions from 170 to 316 m on average.

4.3.5. Effects of socio-economic characteristics (H4)

We do not find a significant effect of gender despite other studies
finding gender-related differences in UGS use (e.g. Shan, 2014). In
general, all other socio-economic factor estimates are as expected. As
discussed below, some coefficients show similar signs and intensity
across the three cities but some are not uniform.

Among the very clear and systematic effects across cities, we find
influences of education and nationality:

— First, higher education clearly leads to shorter distances. Since ed-
ucation is usually highly correlated with income, we think here of an
effect of sorting on the housing market with wealthier residents
located in greener neighbourhoods, but not necessarily related to a
centrality effect.

- Second, being of non-European nationality also has a negative and
systematic decreasing impact on distances. This is potentially
explained by more investment in their local neighbourhood
compared to European residents with potentially wider social con-
nections beyond the neighbourhood. The result echoes cultural dif-
ferences in UGS use reported by Rossi et al. (2015); Madureira et al.
(2015).

Predictor variables Fixed effects Random + fixed effects

(Std err) Luxembourg Brussels Rouen

[1] Characteristics

of used UGS

Size of most used UGS 0.001 —0.002 0.001
[ha]

[2] Residential
location

Distance to centre 0.003*** 0.01 0.001 —0.001
[km] (0.000)

Housing type: flat ref
semi-detached 0.113 (0.107) 0.155 0.066 0.120
detached —0.085%** 0.028 —-0.157 -0.117

(—0.008)

[3] Local UGS
provision

Very satisfied with —0.084%** -0.110 —0.053 —0.089
local UGS quality (—0.007)

[4] Socio-economics
Age: younger than 25 ref

25 to 35 0.285 (0.215) 0.249 0.300 0.307
35 to 45 0.234 (0.211) 0.248 0.207 0.249
45 to 55 0.434** 0.310 0.411 0.603
(0.151)
55 to 65 0.151(0.140) 0.102 0.150 0.203
older than 65 —-0.106* —0.232 0.388 0.286
(0.011)
Car ownership: none ref
(>1 car) —0.004* —0.185 0.013 0.197
(-0.001)
Education: primary ref
secondary —0.138** —0.110 —0.138 —0.164
(-0.014)
university —0.174 —0.143 -0.157 —0.220
(-0.101)
Household size: < 2 ref
members
>3 members —0.014 0.017 0.019 0.005
(0.010)
Nationality: European  ref
Non-European —0.005 0.028 —0.092 0.087
(0.005)
Occupation: full-time ref
part-time 0.215%** 0.216 0.232 0.196
(0.019)
at home 0.149 (0.013) 0.509 —0.014 0.027
student -0.117 —0.246 —-0.101 0.013
(-0.124)
Gender: female 0.000 (0.000) —0.109 0.051 0.069
Intercept 1705.846%** 1721.570 1710.195  2662.401

Marginal R? 0.026
Conditional R? 0.20

Results are also quite similar across cases with respect to re-

spondents’ age and occupational status, but with substantial differences
in intensity:

— Residents of the most active ages (25-55) tend to make longer trips.

In particular the age group 45 to 55 travel furthest to use UGS
(450-2370 on average), which we relate to working patterns (having
kids is controlled below). Beyond 55, results are more mixed but
distances are generally lower than in active ages and even negative
(i.e. a reduction compared to the <25 reference) for the eldest. This
suggests a general influence of ageing on mobility, both by active
modes or by car, as observed for example by Artmann et al. (2019) in
Salzburg (Austria) or by Priess et al. (2021) in Vilnius (Lithuania). It
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seems though, comparatively, to be more strongly the case in
Luxembourg.

— Respondents without an occupation (retired or at home) or working
part-time tend to travel much further to use UGS. These are actually
the strongest impacts of all variables in our model. Part-time status
leads to an average 1.2-1.4 km increase in distance across cases, and
home-based occupation leads to an average distance increase of 470
m in Brussels and up to a very long leap of 2.1 km in Luxembourg.
The time budget saved in home-based and part-time occupations
potentially leads to taking the best UGS opportunity, even if it means
longer trips. It also probably relates to parents taking care of young
children and to the physical/leisure activity of retired residents and
part-time workers over weekdays. The reverse effect, but systematic
across cases, is the shorter distance travelled to UGS by students. This
may be a similar local community effect as for non-Europeans, or due
to a lower availability of transportation modes

Finally, non-uniform resuts are found across cases - with
Luxembourg standing out - for the last two variables: car ownership and
household size.

- Households with three or more members tend to use UGS closer to
their home in Brussels (- 100 m on average) but further away (+120
m on average) in Luxembourg, suggesting that for larger families the
ease of access is more important in bigger and denser cities, while in
smaller cities with a balanced green space offer, longer trips are
made to find a better match in terms of UGS facilities or family
amenities.

— Car ownership leads to an expected increase in travelled distances to
UGS in Brussels and more so in Rouen. In Luxembourg, the impact is
negative, reminding that Luxembourg is quite specific since both car
ownership and use have been reported to be particularly high for
many activities (Caruso et al., 2015; Perchoux et al., 2019). We think
we rather capture an impact of more wealthy and greener neigh-
bourhoods close to the centre than an increase in potential mobility.
This differs from Brussels and Rouen where having a car is definitely
a means for increasing mobility ranges, and more so for central
residents.

5. Discussion

We find that the travelled distance to the most used UGS is well
beyond the 300-500 m buffer distance used in provision or accessibility
measurements. Residents travel a lot farther to their regular UGS, i.e. a
median of 1.4-1.9 km (and often more given the long queued distribu-
tion). These distances also raise the question of motorised transport to
access nature on a regular basis and the related equity. Also, we ex-
pected trips of residents living in the peripheries to be shorter as pe-
ripheries are greener. In the case of Luxembourg many suburban
residents actually use an UGS near the centre, potentially during their
lunch break or combined with a shopping trip to the centre. One
explanatory aspect is thus the potential combination of UGS visit with a
chain of other activities. It is important for policy to know that UGS use
is not simply an encounter around residential places but likely part of a
more complex chain of activities.

Our results also point to a self-selection issue (as suggested by Maat &
de Vries, 2006; Schindler et al., 2018) whereby the availability of UGS in
the periphery is a quality valued in the residential choice process by
those residents who are more prone to value UGS and can afford it. It is
thus also in line with Lin et al. (2014) who stress that the orientation
toward nature is more important than the actual distance.

Another finding is the heterogeneity across cases despite our cities
being culturally quite similar. The spatial pattern of links between home
and UGS shows a hub and spoke structure in Brussels but more centre-
periphery structures in Rouen and Luxembourg. The city context does
not only lead to a difference in geographical structures but also a
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substantial 1 km difference between cases. Again in view of the 300 or
500 m accessibility buffers or policy targets, this context effect repre-
sents a very large (i.e. 2- or 3-fold) uncertainty. This heterogeneity
certainly calls for more comparative analyses where a similar survey is
applied and the spatial structure of the city accounted for, including the
distribution of UGS and population segments. More generally there is a
strong need to further research differences between cities and to find out
if systematic variations exist that we can relate to the integration of
nature within the urban fabric to support planning policy.

Further, we have identified a set of socio-demographics, especially
influences of age and occupational status. Retirement, home-based ac-
tivities and part-time work lead to much increased trips, the implications
of which may be particularly important in an ageing society or if home-
based work patterns become more frequent. We can also conjecture
about an increase in electric-aided mobility (e.g. e-bikes, scooters),
which may relieve the proximity constraint further.

We had to dismiss classical spatial interaction effects in the sense that
UGS size was unexpectedly found to command shorter trips in two of our
cases, and because the objectively measured local provision of UGS did
not prove to be a determining factor. Rather, it is the perception of a
provision of quality UGS around homes which seems to reduce travel
distances. This finding departs from other studies (e.g. Chiesura, 2004;
Neuvonen et al., 2007) and suggests that improving peoples’ perception
of UGS is more promising to increase UGS use and benefits than an
objective provision of UGS alone. We can think of a need for a policy to
invest in UGS facilities in line with users’ needs and to promote vege-
tation that is sufficiently perceived as providing benefits; rather than a
focus on quantity of land and proximity.

In addition to residents’ socio-economic characteristics and resi-
dential environment considered in this study, the reason for UGS use
might impact UGS use patterns (e.g. increased frequency of UGS visits
for dog walkers (Schindler et al., 2018)) and might be relevant infor-
mation for management of UGS facilities and decisions on which type of
UGS to provide where. Due to the interconnections of UGS use moti-
vation and the factors considered in this study, this is an avenue for
future research.

One could also split UGS use patterns based on travel mode used to
access UGS. While this could give valuable insights for transport plan-
ners, actual travel distances regardless of transport mode - as considered
in this study - provide urban planners with unmasked information to
evaluate actual UGS accessibility with respect to given policy target
measures and provision plans. In this study, car ownership serves as
indication for such discussions. Future research could collect and
consider such information to inform transport planning.

6. Conclusion

This study attempted to understand the distance that people usually
travel to use UGS and the variations thereof across three different cities,
and across socio-economic groups and locations within these cities. In
times of densification and infill development strategies our question fits
into the debate of how best to provide green space relative to demand.
The question is particularly important in programmatic terms because
land and budget resources are limited and other human activities (res-
idences, commerce, offices) compete for undeveloped parcels. In
normative terms it also makes sense to keep these other activities cen-
tralised to foster sustainability, hence a complex and paradoxical
agenda.

Much of the evidence obtained so far across many cities focuses on
aggregate provision of UGS or spatial proximity. In case study analyses
the distance to provisioned UGS is at best one factor explaining use. Here
we have turned the question on its head and asked what are the de-
terminants of the distance actually travelled to UGS because the distance
itself may reveal different behaviours or provision mismatch within the
city or across cities.

Our results call for a re-evaluation of UGS analytical practices and
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provision policies beyond aggregate and accessibility perspectives and
towards spatially varying measures. For example, the fact that we find
much larger catchment areas than expected for an ‘UGS that one uses the
most’ plus the fact that some results suggest that UGS visits are part of a
more complex set of activities, further away from residences, point to a
nested or multi-scalar thinking of UGS provision, with a diversity of sizes
and proximities.

This study obtained unexpected results with respect to centrality
within cities, stressing a need for further research and more advanced
techniques to overcome the fact that the differentiated provision of UGS
along the centre-periphery gradient correlates with socio-economic di-
mensions and residential sorting.
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