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Abstract

Context The pressure on remaining open spaces of
urban green infrastructure (UGI) is high due to
increasing urbanization and the multiple requirements
of a diverse urban population. Thus, a good quality and
high capacity for ecosystem services of UGI is crucial
to support a good quality of life.

Objectives This study analyses the influence of tree
cover and other green parameters like species richness
on ecosystem service use in urban parks and green
brownfields. The outcomes contribute to design and
management of resilient UGL

Methods We assessed the diversity of woody and
herbaceous flowering species in 36 study sites with
low, medium and high tree cover in the city of Leipzig,
Germany. UGI users were counted, and randomly
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selected visitors (n = 1750) were interviewed about
their use of ecosystem services.

Results  We found tree cover in urban parks nega-
tively influencing physical interactions used by
respondents. In parks with high tree cover, more
respondents were benefitting from regulating services
such as noise mediation or shade provision. Brown-
field visitors preferred sites with low to medium tree
cover, mainly for walking the dog but also for other
ecosystem services. Plant species richness did not
show significant influence.

Conclusions Tree cover in parks and brownfields
can be a predictor for a range of ecosystem services
typically used by visitors, highlighting how vegetation
or green structures in UGI can be employed to steer the
use. Brownfields provide additional space for com-
plementary ecosystem service use, thus contributing to
the avoidance of potential use conflicts in managed
UGI like parks.

Keywords Cultural ecosystem services - Tree
cover - Urban brownfields - Urban parks

Introduction

This is the “Urban century”—the world population is
increasing, especially in cities, where more than 60%
of the world’s population is projected to live by 2050
(United Nations 2014; McDonald et al. 2018).
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Urbanization causes fragmentation and degradation of
natural ecosystems, resulting in the reduction of
natural landscapes, but also of urban green infrastruc-
ture (UGI). UGI provides important ecosystem ser-
vices, which are crucial for the well-being of urban
citizens (Millennium Ecosystem Assessment 2005;
European Environment Agency 2014; Kompil et al.
2015). High-quality design and management of UGI
and high multifunctional capacities (Liquete et al.
2015) are thus essential to support a diverse urban
population. However, to maintain and enhance quality
of UGI, more knowledge is needed about its charac-
teristics and biodiversity as well as their relation to
the provisioning, regulating and cultural ecosystem
services they provide.

UGI is the “network of natural lands, working
landscapes and open spaces that provide a range of
diverse benefits” (Lovell and Taylor 2013, p. 1448). It
contains all planned and managed natural and semi-
natural landscapes, such as urban parks or forests,
allotment gardens, green facades, but also unmanaged
green sites like vacant lots and brownfields in cities
(European Environment Agency 2014). They provide
regulating services like micro-climate regulation,
noise reduction or air filtration, that are highly relevant
in cities (Bolund and Hunhammar 1999; Elmqvist
et al. 2015). In addition, UGI provides important cul-
tural services like nature experiences, recreation and
support social cohesion (Dunn et al. 2006; Peters et al.
2010; Rink and Arndt 2011; Breuste et al. 2013;
Gomez-Baggethun and Barton 2013; Andersson et al.
2015; Bertram and Rehdanz 2015). These cultural
services are embedded in a social-cultural context,
often intangible and thus underrepresented in litera-
ture (Haase et al. 2014; Hegetschweiler et al. 2017). In
contrast to several regulating or provisioning services,
cultural services can hardly be assessed by tangible
indicators such as yields, biomass or carbon seques-
tration. Assessing the value of UGI for the provision of
cultural services requires a wider indicator spectrum
than the frequently-used quantification of available
recreation area, especially when it comes to urban
ecosystems (MAES 2014). We argue that it is essential
to understand spatial, temporal, ecological and social
contexts, because cultural ecosystem services and the
factors influencing their provision and use directly or
indirectly affect the urban dwellers” physical and
mental states and, consequently, their quality of life
and well-being (Millennium Ecosystem Assessment
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2005; Diaz et al. 2015). The actual use of cultural
ecosystem services is thereby both influenced by the
demand side (i.e. one’s socio-cultural and personal
characteristics and needs), and by the supply side and
thus the characteristics of the UGI itself (Hegetsch-
weiler et al. 2017). Although the availability and
accessibility of UGI are among the most important
factors influencing their use (Van Herzele and Wiede-
mann 2003; Schipperijn et al. 2010; Lin et al. 2014),
also green and grey features of UGI determine their
ecosystem services supply and therefore (potential)
use (McCormack et al. 2010; Voigt et al. 2014). In this
study, we hypothesize that the actual use of ecosystem
services in UGI can be encouraged or discouraged by
their green characteristics such as tree cover and plant
species diversity to which we refer in this study as
green or vegetation parameters.

In urban UGI, tree canopy and density can be an
important parameter for people’s preferences (Hof-
mann et al. 2012). Well-maintained urban parks with
moderately dense vegetation, for example, seem to
provide a sense of safety in societies all over the world,
shown in a review about safety aspects in urban green
(Sreetheran and van den Bosch 2014). Contrastingly,
some urban dwellers, e.g. in Leipzig and Dresden,
Germany also appreciate informal sites with low
management activities like urban brownfields (Mathey
et al. 2016; Pueffel et al. 2018). A study in Norway
underpins people’s preferences for parks with moder-
ately dense vegetations (Bjerke et al. 2006), and
Australian citizens seem to prefer moderate to low
levels of tree canopy for recreational use (Shanahan
et al. 2014). At the same time, researchers in
Baltimore, USA, found that tree cover positively
influences social relations and interactions (Holtan
et al. 2014). Besides ecosystem services, UGI can also
provide disservices, which can be caused by certain
species or (dense) vegetation structures (Gomez-
Baggethun and Barton 2013). They may cause espe-
cially women to feel unsafe (Koskela and Pain 2000)
or contain plant species that provoke allergies
(D’ Amato 2000; Cwik et al. 2018). In addition to tree
or vegetation density, it seems that species richness in
vegetation, often connected to colours of flowering
species (Lindemann-Matthies et al. 2010), is posi-
tively related to aesthetic appreciation and people’s
well-being (Fuller et al. 2007; Dallimer et al. 2012).
However, there is a lack of research providing
empirical evidence of how green parameters of UGI
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can influence the actual use of specific cultural and
other ecosystem (dis-)services by urban dwellers.

This study assessed the use of cultural as well as
provisioning and regulating services in 36 sites of UGI
in the city of Leipzig, Germany, evaluating relations
between green parameters such as tree cover or plant
diversity and use. Due to the unique situation of plenty
of available brownfields in the city, of which some are
intensively used for recreation (Pueffel et al. 2018), we
decided for two types of UGI: urban parks and urban
green brownfields. We asked visitors to identify
ecosystem services that were used at the studied UGI
sites. The following research questions are addressed
in this paper:

(1) Does tree cover influence visitor density and
ecosystem service use of respondents in UGI?

(2) How do visitor density and ecosystem service
use of respondents differ between parks and
brownfields?

(3) Which other “green” parameters influence
ecosystem service use in UGI?

Material and methods
Study region and study site selection

We conducted the study in the city of Leipzig in
Saxony, Germany, with an area of about 30,000 ha
and currently almost 600,000 inhabitants (Stadt
Leipzig 2019). The city was affected by massive
population loss and by increasing numbers of vacant
apartments and unused brownfields after the German
reunification in 1990 (Haase, 2008). Population losses
slowed down and stabilized after the turn of the
millenium. Since 2012 the city has been growing
again, currently by around 10,000 citizens (~ 2%) per
year. Consequently, pressures on the city’s remaining
open spaces are strongly increasing (Stadt Leipzig
2019). Unused spaces of former industrial sites or
residential buildings have now become opportunities
for residential and commercial development (Euro-
pean Environment Agency 2015) but also support
urban biodiversity and provide recreational services.
The latter complement the multitude of public parks,
public green areas and allotment gardens. Leipzig also
benefits from protected riparian forests, stretching
from the south towards the north-west of the city,

which are intensively used by residents for recre-
ational activities.

In this study, we selected public parks that are
maintained on a regular basis and green brownfields
which are unmanaged, but registered in a brownfield
cadastre by the city of Leipzig, thus representing two
typical types of UGI in Leipzig (Stadt Leipzig 2017b).
Some of the latter are maintained by private owners or
residents. We then determined the share of tree cover
relating to mature trees higher than 5 m (EUNIS
category) for every park and every brownfield on the
basis of analysed digital orthophotos of June 2012 and
a digital surface model of 2010 (Banzhaf et al. 2018).
Next, we grouped parks as well as brownfields into
three classes of tree cover: low (0-33%), medium
(> 33-67%) and high (> 67-100%). We then selected
18 urban parks and 18 brownfields via a stratified
random sampling: six sites for each tree cover class.
Brownfields had to be accessible, i.e. not completely
surrounded by walls or fences and were not overgrown
by shrubs. We selected all study sites within a 5 km
radius from the city centre. This procedure yielded 36
study sites in six groups of 6 replicates: parks with low,
medium and high tree cover (Pioy, Pmed, Phign), and
brownfields with low, medium and high tree cover
(Biow> Bmeds Bhign)- Figure 1 shows the distribution of
study sites and some examples of green brownfields in
Leipzig.

Biodiversity and other green measurements

ArcGIS (version 10.6) was used to generate randomly
distributed points representing the centre of
15 x 15 m sample plots on all study sites. The total
area of these sampling plots (minimum two sampling
plots for each site) covered at least 1% of the total area
of the park or brownfield (Hermy and Cornelis 2000).
Within these sample plots, we identified all woody
species at a height of 2 m or above. On small
brownfields < 0.65 ha (size of the smallest park,
n =9), all present woody species at a height of 2 m
or above were mapped. Richness in woody species
was analysed for tree richness (> 5 m) and shrub
richness (< 5 m) and scaled to richness per 100 m? for
each study site. We used these values to compare all
study sites of different sizes including varying sizes of
mapped area. In addition to woody species, we
identified all herbaceous species that were flowering
at the time of mapping. These were also identified
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within the same 15 x 15 m plots in parks and large
brownfields or in two 5 x 5 m random plots on small
brownfields. We determined their species, height,
coverage (after Braun-Blanquet) and flowering colour
(Strath et al. 2007). Flowering richness was also scaled
to richness per 100 m> All vegetation assessments
were conducted in August and September 2017. In the
field, we additionally estimated the presence of the
following land use/land cover types at our observation
sites for ecosystem service use (see “Use of ecosystem
services” section) mapping: grassland/meadow, rud-
eral grassland, woodland/trees, shrubs, water bodies,
urban gardening structures and flowerbeds. We then
calculated the landscape structure diversity (value
1-7) by summing up the presence or absence of each
of these land use/land cover types. In addition to on-

Fig. 1 Map of the city of Leipzig and study sites in Leipzig
within a 5 km radius from the city centre. We assessed
ecosystem service use in 18 urban parks (green) and 18 urban
brownfields (brown) with varying tree cover. Left column:
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site characteristics, we calculated available public
green spaces and inhabitant density within 300 m in
GIS, representing an average walking distance of
5 min to each study site (Barbosa et al. 2007). To do
so, we used a dataset of public green spaces (Stadt
Leipzig 2017a) and population data on statistical block
level from the city of Leipzig (Stadt Leipzig 2018).

Use of ecosystem services

To map ecosystem service use throughout the day, we
defined four time slots: morning (8—11), noon (11-14),
afternoon (14-17) and evening (17-20). Each of the 36
study sites was visited twice in each time slot from
April to September 2018. Field visits were set within
the time slot limits and lasted 2 h during the first

Location of Leipzig in Germany, followed by examples of green
brownfields with low, medium, high tree cover (from top to
bottom). Map source: ©OpenStreetMap & contributors; Photos:
J. Palliwoda
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mapping period (April-July) and 1 h in the second
mapping period (August—September). In total, each -
site was observed for 12 h. We organised our study
site visits during weekdays and weekends in a fashion
that each site was observed twice on weekends and six
times on weekdays. Ecosystem service use assess-
ments were not carried out during inclement weather.
Assessments were performed on observation sites
clearly delineated by paths or other landmarks such as
shrub formations or walls. We distinguished two main
indicators to describe ecosystem service use:

1. Visitor density quantifying the total number of
observed and interviewed visitors and their pri-
mary activity (visitors * hectare™" * hour™")

2. Proportion of used ecosystem service groups
among respondents of surveys (number of users
for ecosystem service group * total number of
respondents ™)

Visitor density

We counted all people entering the observation site
and their visible primary activity to calculate total use
density for each site. Observed ecosystem service use
was limited to visible activities like biking, walking,
jogging, dog walking or sitting (included in “Other
activities”), some aesthetical and experiential services
(e.g. watching ducks) and societal relations (e.g.
picnicking, groups of people). Observed use of
regulating and most experiential and aesthetical
services could only be assessed when visitors were
part of a group of which at least one person was
surveyed. The rest of the group was then counted as
using the same ecosystem service.

Share of used ecosystem service groups from surveys

Within the observation sites, we randomly selected
adults and teenagers (older than 14 years), by asking
persons every fifth minute. All respondents apparently
younger than 14 years were classified as children and
only interviewed when they were in company of
adults. For the assessment, we adapted a questionnaire
based on the MapNat smartphone application' (Priess
and Kopperoinen 2016). Ecosystem service definition

! MapNat is available at google playstore.

and its aggregation included in MapNat are based on
the common international classification of ecosystem
services (CICES) (Haines-Young and Potschin 2013).
As most citizens are unfamiliar with the term
“ecosystem service”, the term was avoided in the
app and the app-based survey. For our questionnaire,
we selected 24 out of 30 ecosystem services available
on MapNat and six out of nine problems (disservices)
that were relevant for urban areas (Appendix A in
Supplementary Materials). Respondents were asked to
select the most relevant ecosystem service or disser-
vice they were using or felt disturbed by at that
moment. The questionnaire was followed by a closed-
end question about what motivated them to choose this
place (six categories: Nature/landscape or wilderness,
tranquillity or seclusion, physical space for activity,
social or cultural interaction, close to home or
accessible, other motivations). Finally, we asked for
socio-demographic data (age, gender, place of living).
The respondents who replied as using the sites just as
shortcuts and who did not choose any ecosystem
service were excluded from the analysis. Due to the
fact that only two respondents stated disservices, we
excluded disservices from our analysis.

Data classification and statistical analysis

All data were processed in R, version 3.6.0. For the
analysis we aggregated the 20 ecosystem services used
by visitors into the following seven groups: provi-
sioning services, regulating services, physical inter-
actions, dog walking, biking, social relations and
experiential and aesthetical ecosystem services. Pro-
visioning services include all kinds of collecting food
or material. We are aware that other authors have
addressed them as recreational services (e.g. Plienin-
ger et al. 2013). Nevertheless, we decided to classify
them as provisioning services to represent the diver-
sity of ecosystem services use on our study sites. We
aggregated most activities that represent recreational
services (walking, sport fishing, jogging and other
uses) as physical interactions (with nature) (Haines-
Young and Potschin 2013). However, two of them
were predominant in our sites (biking in parks and dog
walking on brownfields) and were thus kept as single
categories. Picnicking and barbecuing were classified
as social relations because sites served as meeting
points with other people (Plieninger et al. 2013).
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We applied pairwise Kruskal-Wallis one-way
Analysis of Variance (ANOVA) for both UGI types
on a 95% confidence interval assuming as a null
hypothesis that species richness and used ecosystem
service groups were independent of the tree cover
class. To test the relationship between motivations for
site use and tree cover class, we used chi-square tests
of independence including their Pearson’s residuals of
each factor level.

To examine possible relationships between green
parameters towards both indicators, (i) total visitor
density and for (ii) proportion of each ecosystem
service group used by respondents, several linear or
generalised linear models (GLM) were performed,
depending on the normality of residuals, with a 95%
confidence interval. For modelling visitor density
(count data), we chose quasipoisson, and for propor-
tions of ecosystems service group uses, we specified
quasibinomial link functions for the GLM or used a
logit transformed response for the linear model.
Regressions for ecosystem service groups could only
be performed if they were used in at least ten sites per
UGI type (= ten replicates). Due to the fact that most
aggregated ecosystem service groups were used on
less than ten brownfields, we did not perform regres-
sion analysis for survey results on brownfields except
for dog walking. We used the following green
parameters as predictors for the regressions: share of
tree cover (0—1), landscape structure diversity (1-7),
tree richness (species per 100 m?), shrub richness
(species per 100 m?), flowering richness (species per
100 m?), and alternative public green space in a
distance of 300 m (ha).

To display all linear correlations between green
characteristics (explanatory variables) and observed
ecosystem service groups (response variables) being
used in parks and brownfields, we performed a
redundancy component analysis (RDA) for both UGI
types with all green parameters and size of the site (in
hectare) as constraining (explaining) variables. The
RDA summarises combinations of all the green
parameters into components that best explain variation
on the Hellinger transformed (referring to proportions
rather than total counts) user density of each ecosys-
tem service group for 18 parks and 18 brownfields
(Kindt and Coe 2005).
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Results
Biodiversity

We identified 78 species (408 mapped woody indi-
viduals) in parks and 67 species (1824 mapped
individuals) on brownfields, indicating higher woody
species richness in parks. Table 1 shows the mean
values for all richness values for three tree cover
classes in parks and brownfields. Tree richness per 100
m? increases with increasing tree cover for both types.
We found more flowering species per area in all
brownfields than in parks. The ANOVA shows
significant differences for tree richness between sites
of Bjow and Bygn (p = 0.04) and for flowering richness
between Bp,eq and Bygn (p = 0.04). Flowering rich-
ness also differs significantly between parks and
brownfields (p = 0.01) and is higher in all brownfields.
Flowering richness increases with decreasing tree
cover in parks.

Visitor density and observed ecosystem service
use

We observed more than 20,000 visitors on all study
sites (8356 women; 8963 men; 2313 children and 3
people with diverse gender). For all tree cover classes
we mapped the highest user densities in parks during
afternoons and evenings. Brownfields were used
mainly at noon/morning and in the evening and least
in the afternoon. In four brownfields, of which three
were sites with high and one with medium tree cover,
we did not see any users during the observation
periods. In parks, gender distribution of male and
female visitors was nearly equal, while brownfields
were mainly visited by men (65% male users on
average), especially By;gn on which only 24% of users
were female (Table 2). Biking and physical interac-
tions (mostly walking) dominated ecosystem service
use in parks, while a smaller fraction of citizens used
other ecosystem service groups (Fig. 2a). Brownfields
were predominantly frequented by citizens walking
their dogs and physical interactions (mostly walking
or other nature uses such as reading or playing
table tennis). Regulating services like mediation of
noise or providing shade and shelter are used on
brownfields of all tree cover classes (Fig. 2b). Brown-
fields also provide space for social relations like
meeting people (10% of all observed users in B,,,; 6%
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Table 1 Mean richness of tree, shrub and flowering species per tree cover class (low, med, high) per 100 m? in parks (P) and

brownfields (B); (n per group = 6; total n = 36)

Group Mean tree richness Mean shrub richness Mean flowering Tree cover
per 100 m? per 100 m? richness per 100 m> range in %
Piow 0.74 0.51 1.26 0-33
Prned 0.85 0.38 0.4 > 33-67
Phign 1.04 0.44 0.19 > 67-100
Biow 0.31 0.46 7.85 0-33
Bined 0.8 0.44 8.43 > 33-67
Bhigh 1.2 1.12 1.37 > 67-100

in Bpign, Table 2). With increasing tree cover, we
counted fewer visitors in both UGI types (Table 2),
though calculated brownfield visitor densities show
that most people per hectare were counted on sites
with high tree cover (Fig. 2b). It is noteworthy that
only three out six observed By, were used at all and
thus By,;gp is actually less used than By,eq and By, We
tested landscape structure diversity, tree cover and
species richness (tree, shrub and flowering richness) as
predictors for visitor density in separated regressions
for both types and found no significant influence.
Instead, inhabitant density within 300 m showed a
slight positive significant influence on total visitor
density in parks (B = 0.00014, explained vari-
ance = 0.31, p = 0.02). For brownfields, we found
no significant influence on visitor density.

Ecosystem service use by respondents

Of the approximately 19,600 observed park visitors,
we interviewed 1624 citizens of whom 778 were
female, 760 were male, two were diverse gender and
84 were children. On brownfields, we asked 255
people out of 620 observed visitors (105 women, 135
men, two diverse, 13 children). In total, we managed to
ask about 41% of observed brownfield users. In parks,
only 8% of the users were asked (see also Appendix B
in Supplementary Materials). After excluding respon-
dents using the UGIs only as shortcuts, we analysed
1500 surveys for parks and 250 for green brownfields.

In parks, we recorded 20 different ecosystem
services used by respondents. The main activities of
respondents in all parks were walking (24% of
respondents), dog walking (15%), other activities in
nature (e.g. playing football or reading—13%) and

enjoying landscape beauty (11%). Physical interac-
tions, where urban ecosystems provide space for
several activities walking, jogging or other nature
uses, were the most important group among park
respondents in all three tree cover groups. The linear
regression of tree cover as a predictor for proportions
of physical interactions shows a significant, slightly
negative relationship (p = 0.01) illustrating increasing
physical interactions in parks with decreasing tree
cover (Fig. 3). Although regulating services were used
in all tree cover classes of parks, we mapped a slight
increase with increasing tree cover (13% in Py, 20%
in Ppign). The use of providing shade and shelter, for
example, increases with higher levels of tree cover
(3% in Pioy, 4% in Pyeq and 9% in Pyiep). The linear
regression with tree cover as predictor for the share of
used regulating ecosystem services shows a positive
but not significant influence of tree cover.
Experiential and aesthetical services did not show a
linear relationship to tree cover but were most
frequently enjoyed by respondents in parks with
medium tree cover (26% of respondents). However,
the ANOVA showed no significant differences in
experiential and aesthetical ecosystem service use
between tree cover groups. The fact that two out of six
parks with medium tree cover contain water bodies
may have influenced the high shares of experiential
uses. Watching animals or plants were often per-
formed at ponds (e.g. feeding ducks). When testing
other green parameters as predictors in separated
regressions, neither of them showed a significant
influence on any ecosystem service group use.
Citizens on urban brownfields used 14 different
ecosystem services. Sites were mainly visited for dog
walking (65% of respondents in By, 27% in B4,
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Fig. 3 Linear model with tree cover as explaining variable for
the share of physical interactions that were used by interviewees
in all parks (response) showing a significant negative influence
(B =— 1.35, p = 0.008, R? = 0.36, adj R® = 0.32) The shaded
area represents the confidence interval for the response variables

ES group
Provisioning ES
Regulating ES
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Dog walking
. Social relations
. Experiential & Aesthetical ES
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(b) Brownfields

hour™'; means are calculated only for sites used by visitors.
Please note the different ordinate axis scales of parks and
brownfields

30% in Bygn). Brownfields were furthermore used for
walking (10% on average) as well as for their
regulating services (6% in Bjuy, 23% in Beq, 10%
in Bpign). The share of respondents mentioning
aesthetical or experiential services was highest on
Biea (23%) (Fig. 2b). We did not find significant
differences between tree cover groups or significant
influence of tree cover on dog walking activities.
Some of the users of brownfields where also consum-
ing illegal drugs, which we aggregated in the category
“Other activities in nature”.

Motivation for site use

In addition to the use of ecosystem services, we asked
respondents to choose from six motivation categories,
why they used the particular park or brownfield for the
specified ecosystem service. Results show that “Close
to home or accessible” as the most frequent motiva-
tion mentioned by visitors of both UGI types (59-66%
of respondents in parks, 35-46% on brownfields,
Fig. 4). To reveal differences of proportions of
motivation categories between the three tree cover
groups, we applied chi-square tests and found
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Fig. 4 Respondents and their motivation to visit (six pre-
defined categories) for (a) Parks with low tree cover (n = 572),
medium tree cover (n = 518) and high tree cover (n = 393) and

significant differences for both types (p < 0.001).
Differences between tree cover groups in parks are
mainly caused (highest Pearson’s residuals) by the
categories “Nature, landscape or wilderness” being
most frequently chosen in Pp,.q (22% of respondents)
and “Social or cultural interaction” stated more often
in Pioy (9%) than in Ppeq (3%) and Ppign (4%) as
Fig. 4a displays. On brownfields, the category “Tran-
quillity or seclusion” shows high variation between
tree cover classes, with a strong dominance in B,eq
(35%) compared to By, and Bp;gp (Fig. 4b). Compar-
ing both UGI types independently from their tree
cover class, we found significant differences
(» <0.001), e.g. were “Tranquillity or seclusion”
and “Physical space for activities” more important to
brownfield users (18% and 16% on brownfields vs. 8%
and 7% in parks).

Influence of other green parameters on observed
ecosystem service use

Figure 5 shows the results of the redundancy analysis
(RDA) and Table 3 the loadings for the first three
components of the RDA explaining 68% of the
variance (p = 0.003 on 1000 permutations). The size
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Nature, landscape
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for (b) Brownfields with low tree cover (n = 161), medium tree
cover (n = 64), and high tree cover (n = 20). Data include only
valid answers for motivation

and the presence of public green space within 300 m
distance of the study site contribute most and are the
only significant variables for the first component
(explaining 49%). The loading for shrub richness is
highest in the second component (explaining 16%).
Biking activities are positively related to increasing
area of public green space within 300 m. Physical
interactions were associated with small parks, while
most other ecosystem service groups, especially dog
walking and aesthetical and experiential services are
expected in large parks that go along with higher
values of landscape structure diversity and contain
higher richness in shrub species. When performing the
RDA with the same constraining variables for brown-
fields, we found 48% of the variance explained by the
components (Figure and loadings displayed in Appen-
dix C in Supplementary Materials), although no
environmental variable was tested significant. For
brownfields, size was one of the most important
explaining variables; especially dog walking was
often observed on large brownfields.
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Fig. 5 Graphics of the first two RDA axes for parks, scaling method 2. Combined they explain 65% of the total variance

Table 3 Loadings of the first three components (scaling method 2) that explain 68% of the total variance

Variable RDA1 RDA2 RDA 3
Size 0.59* 0.40 —0.38
Tree richness/100 m? - 0.15 0.24 0.55
Public green within 300 m 0.89%* 0.09 0.28
Share of tree cover — 0.44 0.27 0.09
Flowering richness/100 m? 0.12 —0.21 — 0.28
Shrub richness/100 m? 0.06 0.51 0.02
Landscape structure diversity 0.17 0.22 0.58
Cumulative proportion of explained variance 0.49 0.65 0.68

The highest and and/or significant loadings in each component are marked in italics

Significance levels: *< 0.05; **< 0.01; ***< 0.001

Discussion

Urban parks and brownfields in Leipzig are used for
various cultural ecosystem services as well as regu-
lating services such as providing shade or reducing
noise. We found that citizens are mainly motivated to
use particular sites of UGI by proximity to their home
and inhabitant density in the surrounding area as an

important variable increasing total visitor density or,
in other words, the use of public parks. Thus,
proximity to accessible UGI should be a key element
of green space planning in cities (Wolch et al. 2014) to
increase distributional justice for densely populated
districts and provide ecosystem services for all
citizens. Besides inhabitant density, our study pro-
vides findings how vegetation parameters, especially
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tree cover, can influence the use of ecosystem services
in UGL

Biking and physical interactions such as walking
and other activities in nature (e.g. reading, sunbathing)
predominated ecosystem service use in urban parks,
which confirms findings from other European studies
(Bertram and Rehdanz 2015; Bijker and Sijtsma 2017;
Rall et al. 2017). While in Leipzig physical interac-
tions seem to be favourably used in small parks with
low tree cover, the positive association between large
parks and enjoying experiential and aesthetical as well
as regulating services points to the importance of a
high landscape structure diversity as it can be found in
spacious multifunctional UGI (Schipperijn et al. 2010;
Voigt et al. 2014). Although not statistically signifi-
cant, we found tree cover positively related to uses of
regulating services that are provided by UGI. Our
findings underline the importance of shaded areas in
public UGI supporting temperature regulation that is
highly relevant in UGI (Jim and Chen 2006; Voigt
et al. 2014; Riechers et al. 2016) and, at the same time,
facilitating physical activities (Timperio et al. 2008).
We also point out the accompanying availability of
spacious open areas that encourage sporting activities
and other physical interactions (Cwik et al. 2018).
High visitor densities and more aesthetical and
experiential uses on sites with medium tree cover,
confirmed by other studies, reflect the finding that UGI
visitors seem to prefer moderately dense vegetation
(Kaplan and Kaplan 1989; Bjerke et al. 2006;
Lafortezza et al. 2008; Shanahan et al. 2014).The
latter findings go hand in hand with the frequent
mentioning of “Nature, landscape or wilderness” as
motivations to visit P4 supporting the assumption
that park users prefer UGI designs of mixed open
spaces and shaded areas for aesthetical services and
nature experiences. These results additionally illus-
trate diverse tree cover and vegetation structures as
important UGI features to ensure the provision of
multiple ecosystem services comprising physical
interactions for recreation, shade provision and expe-
riential or aesthetical services. The presence of water
bodies as UGI components can furthermore increase
aesthetical and experiential services (Plieninger et al.
2013). Water bodies are often populated by animals,
contributing to the increase in nature interactions and
experiences, which are often limited in UGI (Gobster
2007). Previous studies confirm that park users
mention water elements in urban green as important
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and aesthetical features (McCormack et al. 2010; Qiu
etal. 2013; Hami and Emami 2015). The integration of
water elements in UGI planning can thus contribute to
the development of multifunctional green infrastruc-
ture in cities. Like other UGI studies, we observed
very little use of spiritual or educational services,
implying either low demands or the provision by other
facilities or institutions like churches (Bertram and
Rehdanz 2015), or by ecosystems in non-urban or rural
areas (Plieninger et al. 2013; Rall et al. 2017).
Compared to parks, on brownfields we mapped
only a small number of bikers, which may be due to the
lack of available infrastructure for biking (connecting
and smooth paths) (Lu et al. 2019). Our study sites
comprised only one B,.q brownfield with a connect-
ing path, which explains the high number of bikers in
this group (Pueffel et al. 2018). Most of the studied
brownfields were used, especially by citizens who
walked their dogs, confirming other studies addressing
brownfield use (Rall and Haase 2011; Pueffel et al.
2018). Our findings imply that tree cover seems to be a
relevant determinant of brownfield use intensity, as
Biow and B4 sites were visited more frequently
compared to Byien. We also identified the size of the
site as an important factor explaining dog walking on
brownfields, indicating that large sites were used more
often. In contrast to large parks, large brownfields may
not provide a higher landscape structure diversity than
small brownfields, but just more space which visitors
use for instance to unleash their dogs, which is
prohibited in public parks and a frequent issue of
conflict. Users on brownfields have different priorities
and motivations and prefer different UGI properties
than park users. Brownfields seem to be less appre-
ciated for their natural elements or landscape diver-
sity, but for providing privacy and opportunities for
informal uses (Pueffel et al. 2018). On one B, for
example, we often interviewed and mapped visitors
sitting around a fire as using the site for social
relations. For them, the site serves as place to meet
with neighbours or friends and where they could light
a bonfire, which is not allowed in public parks. The
previous examples highlight the seclusion and unreg-
ulated character of brownfields as important and
desired UGI characteristics. However, the secluded
character of dense unmaintained sites may also
contribute to facilitate illegal activities and to the
perception of low safety (Sreetheran and van den
Bosch 2014; Hami and Emami 2015), explaining
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higher user densities on By, and By, Which are
perceived as safer than By,;e,. Only three out of six sites
of Bpign were used at all, and in several cases we
observed drug abuse. Safety issues, which are strongly
related to gender (Sreetheran and van den Bosch
2014), could also explain the gender differences
(approx. 65% male users) we mapped on brownfields,
confirming previous studies counting fewer people on
woodlands than on open spaces and generally less
female than male visitors on brownfields (Rall and
Haase 2011; Rink and Arndt 2011). Although some
Bhign sites are frequently used by visitors and/or of
high ecological value by providing habitat for plant
and animals species, public use and acceptance of
unmanaged sucession or “urban wilderness” is often
low in Leipzig or elsewhere (Breuste 2004; Kowarik
2005; Lafortezza et al. 2008; Rink and Arndt 2011;
Shanahan et al. 2014).

Methodological Issues

Field observation combined with random surveys is
suitable for quantifying most resting and moving
activities like picnicking, walking or dog walking,
selected by visitors as their main current ecosystem
service use. We observed the limitations of our
approach, for instance, in addressing bikers as it
turned out to be difficult to stop them for an interview,
resulting in a limited understanding why bikers choose
a route through urban parks or brownfields instead of
streets perhaps to avoid street noise, benefit from a
safer biking environment, or enjoy the green scenery.
We limited the mapping of ecosystem service use to
the period from 8 a.m. to 8 p.m.and are aware that we
only partly captured typical late evening or night time
uses such as picnicking or meeting people.

Some UGI visitors use two or more ecosystem
services during one visit, for example, enjoying the
scenery/beautiful landscape while taking a walk (Shan
2014). As we intended to map actual ecosystem
service uses and not the frequently reported ecosystem
service potentials, we limited the answer to the main
ecosystem service use to avoid that respondents switch
perspectives from actual to potential use. This might
lead to the underrepresentation of ecosystem services
(e.g. environmental education), which are not as
tangible as others (e.g. walking) (Plieninger et al.
2013).

The linkage of place-specific diversity values
(species richness) and ecosystem service use allows
the identification of direct relations between them.
However, diversity assessments were conducted one
year before the use assessments, potentially limiting
the interpretation of the results, for example, due to
differing flowering species diversity. Additionally,
this paper focuses only on the “green” parameters
influencing ecosystem service use in UGI, and we are
aware that there are plenty of other important factors.

Conclusions

Our analysis provides new insight of how citizens
actually use different sites of managed and unmanaged
UGI with varying tree cover. Public parks that are
ideally nearby people’s home can provide different
ecosystem services for their users depending on their
tree cover. Our results confirm that urban parks with
diverse tree canopy and vegetation structures, a
mixture of open and shaded areas, potentially includ-
ing water bodies can increase the use of regulatory and
aesthetical ecosystem services in UGI and increase
nature interactions. Thus, the diversity of tree cover,
vegetation structure and landscape elements all con-
tribute to multifunctional ecosystem service provision
and use and should be considered in UGI planning and
management. In addition to managed urban parks, our
results demonstrate that unmanaged green urban
brownfields, especially with low to medium tree
cover, contribute to the ecosystem service provision
by providing partly complementary services. The sites
being used for their seclusion exemplarily illustrate
the importance for spatial planning to address and to
provide space for conflicting ecosystem services.
Designated sites for separated activities, areas with
low visibility and/or maintenance activities and lawns
with different management concepts, for example, can
provide spaces for diverse yet potentially conflicting
uses. The role of unmanaged sites, be it for dog
walking or lovers of urban wilderness, should not be
ignored by planners, as the shift of these uses into
highly frequented urban parks could lead to increasing
conflicts between UGI users (McCormack et al. 2010;
Liu et al. 2018). The integration of low-maintained
and secluded sites or areas can thus avoid trade-offs
between ecosystem services and contribute to multi-
functional UGL
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