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Abstract: Green infrastructure plays an important role in recreation and human well-being, especially
in urban and peri-urban areas. Our study aimed to evaluate and map the recreational potential of
an urban area (Bras, ov, Romania) using two data sets: (a) people’s preferred landscape features and
(b) preferred locations where outdoor activities and recreation take place. The latter was gathered
through participatory mapping techniques. For each location, we computed explanatory variables,
e.g., the distance to 19 landscape elements known to be important for recreation. Based on (b),
we determined the recreational activity profiles for each participant and evaluated how well these
profiles matched the participant’s preferences for landscape features (dataset a). Finally, recreational
potential was mapped by computing a recreational index using dataset b. Two preference profiles
(P1: urban, infrastructure-oriented; P2: nature-oriented) were identified based on people’s preferred
landscape features, and three recreational activity profiles were identified based on the preferred
locations, i.e., an “urban”, a “nature”, and an “ubiquist” type. The importance of green infrastructures
for recreation in both preference profiles was striking. Many persons belonging to the urban and
infrastructure-oriented group indicated that they recreate in locations with a high amount of green
infrastructure and nature. The map of the recreational potential shows hotspots for recreation but
also areas lacking recreational provisions, giving useful insight for future urban planning.

Keywords: participatory mapping; distance decay; preference; GLM; recreation map

1. Introduction

The recreation potential is—among other factors—strongly dependent on green infrastructure
(hereafter referred to as GI). The latter has become a useful tool for the management of cities and is
a popular subject in European policy regarding urban environments [1]. The term GI has been used
very broadly by city planners and ecologists (see, e.g., the definition-oriented paper by Garmendia and
coworkers) [2]. It ranges from restored habitats in cities, green roofs, parks, and forests to urban plazas,
just to mention a few. Ecologists consider every green space that supports biodiversity as GI, whereas
recreation planners also subsume natural elements linked to vegetation as being GI, such as water,
infrastructure like nature trails, fitness courses, and benches, in other words, everything that enables
people to link to vegetation when outdoors. In our paper, we use this broad definition of GI and
include all patches with vegetation as well as infrastructure or natural elements that have clear links
to these patches and support people’s well-being when outdoors. This definition is in line with the
EEAs (European Environment Agency) definition [3], which clearly suggests that GI is not restricted to
inner cities but reaches out to the peri-urban and even the rural area. As shown in a recently published
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review article [4], GI is beneficial for a wide range of ecosystem services and is highly relevant to
health [5]. Here, we give a list of three benefits of GI which are highly relevant to the topics of our
paper. The list is not complete. For a full list, we refer the reader to [4].

Recreation (CICES—Common International Classification of Ecosystem Services—cultural
services): Most urban recreational landscapes comprise urban green infrastructure elements [6],
for example, parks, public gardens, or urban forests [7]. The implementation of GI has been shown to
positively change the quality of life in urban areas worldwide [8,9]. GI can help to improve human
well-being, both from physical and psychological perspectives [10], especially in urban areas where
the demand for such recreational spaces is increasing [11,12]. Green spaces offer opportunities for
relaxation and stress relief [13] and influence health behaviors (physical activity, social interactions,
mental health) [14]. Green spaces are also positively correlated with the perception of people’s health,
especially for the demographic groups of elderly and young people and people with a secondary level
of education, who spend much of their time close to their place of residence [15].

Climate mitigation and adaptation (CICES regulating services): GIs assist in the mitigation of
climate change effects [16,17] as an adaptive response to changing environmental conditions [18].
The function of cooling and shading, provided by certain types of GI (e.g., urban woods, trees), is not
only important for recreation but also reduces life-threatening heat stress impacts [19] and contributes
to urban resilience against phenomena such as the urban heat island [20].

Identity building (not a CICES service but important in connection with recreation): As parts of
the urban landscape, GIs not only provide aesthetic and recreational benefits, but they also contribute
to the urban identity which embodies natural and cultural elements [21–23]. These are cases where
a landscape becomes valuable by playing an active role in the creation of shared values [24] or meanings
that social groups attribute to its features. This place bonding requires long-term usage for such bonds
to form [25].

These selected benefits are a result of both the physical presence of GI and people’s perceptions
and interpretations of GI within the landscape. A better understanding of this dualism can be found
in the space-place theory [26,27]. This theory is essential for understanding how people perceive
and experience landscapes: The space component concerns biotic and abiotic elements (natural and
man-made) of locations and builds an essential basis for the way people perceive and interact with
landscapes. The place component emphasizes the individual and cultural connections of people with
landscapes and particular places. This progression from landscape as a physical support to a landscape
with a meaning is based on the attachment of social values—perceived values that people ascribe to
the ecosystem services they receive (e.g., cultural values, recreational values, space, and freedom) [7].
Relational thinking in landscape research is a new approach for addressing sustainability challenges
which sees the landscape together with the relations established in it (social relations and preferences
of single individuals or social groups) [28]. The landscape gains cultural and personal meaning which
helps in shaping the landscape experience, a vital aspect in recreation [29]. Often this implies the
accumulation of an individual’s experiences, which forms the basis of the transition of an area from
a “space” to a “place” [30,31].

Place attachment plays an important role when it comes to recreational resources, as it enables
people to establish bonds and define the recreational quality of a place [25]. Sometimes, place
attachment can be the solution to maintaining the identity of an urban area [22]. It is linked to the health
of the community, or more specifically, to the perceived quality of life [25], as it is a reflection of the
relationship between humans and landscapes [32,33]. People perceive the benefits of GI as an integral
part of their experience. However, while they want to feel the authenticity of natural environments,
they also desire order and accessibility [8]. GI characteristics such as condition, accessibility, and safety
can influence people’s perceptions regarding a certain space and thus, how much time they choose to
spend there for leisure or physical activity [34,35] and the types of social values they attach to it [7,36].

Within landscape research, the concept of space and place is often used along with mapping
methods to assess preferences for landscape features, access to locations that individuals have
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developed an attachment for, or when dealing with landscape transformations [32]. This leads to
an improved understanding of the recreational potential of urban landscapes, assisting future planning
of urban green infrastructures [9]. This can be beneficial when designing neighborhoods with easily
accessible and easily understandable park areas. Mapping links the physical/geographical dimensions
of places [37] to shared values or meanings. The mapping of “special places” can give insight into the
relationship between people’s place attachment and shared values [38,39]. Using data in both point
and polygon form, this method integrates qualitative aspects with spatially explicit locations [40].

A popular method to address the provision of ecosystem services and goods is distance decay
analysis [41,42]. Previous studies assessing how people use green areas have implemented physical
indicators based on distances [34,43], travel time, and modes of transport [44]. Combinations of
these variables can be used to predict the use of recreational areas, for example, by analyzing
distance-weighted landscape properties such as paths, recreational infrastructure [45], residential
areas, water bodies, built space, roads, and green areas [46]. Most recommendations for the planning
of recreational areas consist of distance thresholds, for example a 500 m [47] or 5–10 min walk from
a residence [48].

Studies on outdoor recreation often focus on a user’s landscape preferences and their attitudes [36,48,49],
the latter being important factors that shape recreation patterns. People’s preferences can also serve as
a proxy in the process of mapping recreational potential [6]. Some studies have used an expert knowledge
approach to determine the relevant factors for recreation planning [36,50], and some have used community
knowledge through participatory mapping [51]. Most studies have examined the landscape properties
found in the immediate surroundings of recreational hotspots and only few analyses have taken into account
how the landscape context at a site affects the recreational potential. This lack of knowledge on how people
value landscapes and their integration into planning has great impacts on decision-making processes and
can result in the development of resource management conflicts [45,52].

Given the aforementioned knowledge gaps, this study aims to evaluate and map the recreational
potential of an urban area using people’s reported preference patterns for landscape features and
locations. The paper contributes, through its case study, to the existing literature on the topic of
recreation in Eastern Europe. These are the main objectives:

(a) To determine people’s preferred landscape features when outdoors;
(b) To evaluate the participants’ recreational activity profiles based on their preferred locations;
(c) To link (a) and (b) and determine the role of green infrastructure in people’s recreation patterns,
(d) To map the recreational potential using the preferred locations of the participants and

distance-weighted landscape features as explanatory variables.

A further aim of the paper is to provide the stakeholders involved in the decision-making process
and policy making around GI with a broader understanding of how recreational values can enter the
urban planning realm.

2. Materials and Methods

2.1. Study Area

Bras, ov is a Romanian city (Figure 1) with almost 294,000 inhabitants [53] that is located in the
biggest valley of the Carpathian Mountains. It has a relatively flat topography in the north and
a mountainous part in the south dominated by the Postăvaru Massif, which reaches 1799 m at its
highest peak. Bras, ov has an extended urban forest, a mixed forest with coniferous species such as
spruce (Picea abies) and firs (Abies sp.) as well as the deciduous species European beech (Fagus sylvatica)
and sessile oak (Quercus petraea). There is also an IUCN (International Union for Conservation of
Nature) protected area (Category IV), Tampa Mountain. Due to its green infrastructures, the city of
Bras, ov can provide many opportunities for recreation, both within the city and in its surroundings.
The geography of the area has always been part of the urban history and identity that makes Bras, ov
an attractive tourist destination for both national and international visitors.
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Figure 1. Study area. (A) Localization of Romania in Europe; (B) Bras, ov city is indicated on the right
as the red area on the map of Romania; (C) Brasov city’s land use map based on the masterplan.

2.2. Methodological Workflow

Our methodology consisted of three major stages, which are described in the next subsections.
The first stage was the data collection process which used a participatory approach. The second stage
consisted of two principal component analyses (PCA) that sought to determine and evaluate users’
recreational profiles. The third part was the computation of a recreational index to help in the mapping
of the recreational potential for Bras, ov. The methodology workflow is displayed in Figure 2.

Figure 2. Methodology workflow.

2.3. Data—Participatory Approach

This study was based on people’s preferred landscape features and locations for recreation inside
Bras, ov’s administrative area. In order to map the recreational potential, we recorded two main types
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of data: (a) people’s preferred landscape features and (b) spatially explicit preferred locations when
outdoors. This data was gathered via face-to-face interviews (N = 75) which took place in different
areas of Bras, ov: small neighborhood parks, the city center, or recreational areas. Interviews comprised
two components: a questionnaire and a participatory mapping exercise.

In part (a), we gathered data regarding social statistics: age group, gender, level of education,
and employment status. Participants were asked how long they had been living in Bras, ov and what
neighborhood they lived in. Participants were only asked to specify the name of their neighborhood,
as we observed that people were reluctant to answer when asked about their home address during
interviews. We restricted our sample to residents of Bras, ov, as we focused on close-by recreation
during weekdays and weekends and not on tourism activities. The subsequent questions addressed
the participants’ recreational behaviors: when they usually spend time on recreation, what means of
transport they use to get to the area of their recreational activity, and how often they visit Bras, ov’s forests
for recreational purposes. An important part of this interview phase was the participants’ preferences
for different landscape features, e.g., forests, water bodies, monuments, parks, etc. We asked the
participants the question “How much do you prefer the following elements in the landscape?”, and we
presented a table with a list of elements (forests, water bodies, sunny spots, etc.). People expressed
their preferences on a Likert scale, a common instrument in social science research [48,54], ranging
from 5 (“I like it the most”) to 1 (“I do not like it at all”). All landscape elements included in this part of
the questionnaire can be found inside the study area. We considered the answers that we received as
preference variables in our study.

In part (b) of the interview, we asked participants to draw points on a paper map to indicate locations
that they prefer because—in their opinion—they have a high recreational value. Each participant was
allowed to point out a maximum of five locations. These places were considered the most relevant
for people’s perceptions. They know and probably utilize them, and they therefore speak from their
real-life experiences of recreating at these places, even if they extrapolated to areas that they do not
necessarily engage with. In this case, the perceptual and actual are tightly connected. We randomly
selected our participants from different locations of the city where the interviews were carried out.
A total of 191 geographically referenced locations were recorded, with participants recording an average
of 2 locations each.

Landscape data for these locations were collated from different sources: the local administration
(providing the city’s master plan, the urban strategy and other planning documents) and the forestry
department (providing forest management plans). Further useful information for the current research
came from volunteered geographic information (VGI), an important data source whose purpose is to
collect and share free geographic data. These tools can fill data gaps with local knowledge, especially
when it is linked to recreation [55]. The Open Street Map (OSM) project is one of the many VGI
initiatives that have developed in recent years. We used the OSM database to add spatial information
about urban landscape features, i.e., the road system and building footprints. These data were updated
using aerial images (from the year 2008) with 5 m resolution provided by the National Agency of
Cadaster and Land Registration.

2.4. Evaluation of Recreational User Profiles

For each participant, we determined two profiles: (a) a preference profile for landscape features and
(b) a recreational activity profile based on the locations where he/she expressed high recreational values.

For (a), we carried out a PCA using the stated preferences for landscape features of each participant.
Sixteen landscape features, rated on a Likert scale, were included as variables in our analysis [56]
in order to have a more detailed picture of which elements users prefer in the place they recreate.
In both PCA analyses, we selected the number of components based on their eigenvalues which were
compared with a Monte Carlo PCA parallel analysis [57]. To assign the specific preference profile
to each participant, we calculated PCA scores and assigned the profile which corresponded to the
component with the highest score.
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For (b), rather than analyzing the landscape quality at specific locations, we conducted a distance
decay analysis to generate a more comprehensive picture of perceived recreational values. For each
preferred location indicated in the interviews, we computed the distance to 19 landscape elements,
some of which were known to be recreational drivers. We used the “near” function from the analysis
tool “proximity” in ArcMap, ESRI software ArcGIS 10.3 (ESRI, Redland City, California, USA) to
calculate the Euclidean distance between preferred locations and these landscape elements.

The novel aspect of using distance data between locations and landscape features instead of
landscape features at the exact site is that we were able to consider the entire landscape context of a site.
In other words, if, for example, a certain preferred site was located in the forest (distance to forest
would be 0), its recreational value was not only “forest” but was equally determined by distances to
water, road, recreational facilities, etc. This contextual information, expressed by distance, is important
for users, because the quality of a place is not only determined by what is there, but also by what is
near or far to it. Table 1 presents the distance indicators and their data sources.

We analyzed distance indicators for each mentioned location in order to identify clusters and
groups of variables and to reduce the dataset while keeping as much information as possible. To avoid
collinearity in the data, we reduced the number of distance indicators in the analysis from 19 to 10
by examining the correlations between them. We excluded variables with the majority of correlation
values lower than 0.3 or higher than 0.9 [57] in order to focus on clusters of variables and minimize the
redundancy in the data. We are aware that this approach has a certain degree of subjectivity. A PCA
was conducted to highlight specific recreational activity profiles. To compute the PCA, we used R
software, version 1.0.44 (University of Auckland, New Zealand), using the “principal” function in the
package “psych” with an oblique rotation. To assign each participant a profile, we obtained PCA scores
for each location. As one participant could be linked to several locations, we averaged the scores of
the locations linked to the same participant to transform the dataset from location level to participant
level. Each participant was then assigned a recreational activity profile based on the component which
attained the highest average score.

To link users’ recreational profiles, after assigning the two profiles to each participant, we superimposed
them to see if the stated landscape preferences matched the activity profiles of the visited locations.
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Table 1. Distance indicators.

Description Data Source

Distance to central areas (including the old part of the city with buildings of high architectural and historical value and important institutions) City masterplan
Distance to mixed-use areas (which include public institutions, commercials, businesses, and residential) City masterplan

Distance to residential areas City masterplan
Distance to industrial areas City masterplan

Distance to town management areas (e.g., sewage centers, cemeteries) City masterplan
Distance to green areas—all types City masterplan

Distance to parks City masterplan
Distance to forest edges Forest management plan

Distance to recreational forest City masterplan
Distance to paths Open Street Map

Distance to protected areas Forest management plan
Distance to water bodies Topographic map
Distance to paved roads Open Street Map
Distance to gravel roads Open Street Map

Distance to urban bicycle tracks Local administration
Distance to historic buildings and monuments Open Street Map

Distance to recreational attractions City masterplan
Distance to buildings Open Street Map

Distance to the center of the participant’s neighborhood Local administration
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2.5. Mapping Recreational Potential

Recreational potential was modelled using the distance indicators as explanatory variables and the
locations where participants reported high recreational values. We computed an index of recreational
potential by fitting a GLM (Generalized Linear Model) with a binomial distribution. The latter was
driven by presence/absence points (locations). As absence points were not recorded in our study,
we generated them by computing 150 random pseudoabsences (2 for each participant in the survey
based on the average number of locations specified by participants). These absence points were
considered as having no recreational value for participants. The method of assigning pseudoabsences
is described widely in the literature, e.g., by Lütolf et al. [58]. We then considered the perception of
recreational value as a response variable formed by a series of vectors of 0 and 1. The points where
participants indicated perceived recreational value in the landscape were assigned the value 1 and the
randomly generated points (the background), which were considered without perceived recreational
values, were assigned the value 0. We assumed that this response variable was binomially distributed
(Bernoulli distribution) [59]. The resulting dataset consisted of a layer of 341 points, either indicating
a recreational potential or a lack thereof.

The explanatory variables in our model were the same distance indicators as those used in the
PCA analysis. The fitted probability for occurrence at any selected point was interpreted as an index of
recreational potential. The model’s goodness of fit was evaluated by calculating the root mean-square
error (RMSE) and the mean absolute error (MAE) and by visually displaying the fitted values against
the observed ones [59]. The index of recreational potential had values between 0 and 1, with 0 signifying
no recreational potential and 1 signifying the highest recreational potential. Based on the the values
predicted by the model, which were computed using the “predict” function in R software, we mapped
the recreational potential. We used the “spline” function in ArcGIS software to interpolate the index of
recreational potential and to obtain a surface type map.

3. Results

According to the demographic data collected for our sample, both genders were equally represented
in the interviews with a slight majority of men (53%). Forty percent of the participants were young
people aged under 25, followed by the age group of 26–39 years old (29%). The age group 40–60 years
old represented 24%, and roughly 7% of participants were over 60 years old. Fifty-three percent of
the participants had studied at university, and 40% had completed high school educational programs.
Eighty-five percent of the participants had lived in Bras, ov for over 10 years, and 72% stated that they
do close-by recreational activities throughout the week, both on working days and at the weekend.
Most of them leave directly from home to go to recreational areas (80%), with the second most popular
origin for this trip being the workplace. In terms of the means of transport to recreational areas,
many participants preferred only walking (40%), 14% used their own car, 12% took public transport
and walked, and 10% reached recreational destinations using just public transport.

3.1. Recreational Profiles

A first, PCA was applied to the 16 variables which depicted people’s preferences for different
landscape elements on a Likert scale (ranging from 1 to 5). The Kaiser–Meyer–Olkin (KMO) test had
a value of 0.61 and the Bartlett’s test for sphericity χ2 (120 df) had a value of 389.7399 (p < 0.001),
indicating good analysis performance [57]. In this case, we chose to extract two components (P1 and P2)
based on their eigenvalues. These components explained 39% of the variance in the data regarding
preferences for landscape features. We interpreted these components as two profiles of recreation
based on landscape preferences: preference for an urban environment (P1) and preference for a natural
environment (P2). The loadings are displayed in Table 2.
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Table 2. Results of the principal component analysis (PCA) structure matrix for people’s preferred
landscape features; loadings are displayed for components P1 and P2.

Landscape Features Component P1 Component P2

Forests 0.82
Water 0.61

Sunny spots 0.35
Paths 0.70

Roads with stones 0.41
Paved roads 0.58

Bicycle infrastructure 0.53
Historic buildings 0.64

Restaurants 0.55
Parks 0.40

Barbeque areas 0.65
Adventure parks 0.76

Biodiversity 0.62
Sports infrastructure 0.74

Viewpoints 0.65
Cable cars 0.80

We used the PCA scores obtained for the two extracted components (P1—preference for an urban
environment and P2—preference for a more natural environment) to see if there were any significant
statistical differences between gender or age groups based on which component they scored higher on.
Both component scores presented a normal distribution, based on the Shapiro–Wilk test (P1: W = 0.969,
p = 0.06; P2: W = 0.976, p = 0.17). The Levene test showed that the component scores presented
similar variances for gender (P1: F = 2.50, p > 0.05; P2: F = 0.28, p > 0.05) and also for the age
groups considered (P1: F = 0.026, p > 0.05; P2: F = 2.77, p > 0.05). Women registered a mean score
of 0.13 for the first component (P1), while men had a mean of 0.11. The differences were, however,
not significant (t (64.6) = 1.07, p > 0.05) with a small size effect (r = 0.13). For the second component
(P2), men scored, on average, higher (mean of 0.07) than women (mean of −0.08); again, this difference
was not statistically significant (t (69.12) = 0.64, p > 0.05) with a small effect (r = 0.07).

A second PCA was applied on the remaining 10 distance indicators using an oblique rotation
method which allows correlation between factors. The KMO test for sampling adequacy recorded
a value of 0.68, which is higher than the acceptable limit of 0.5. Bartlett’s test for sphericity
(χ

2
(45 degrees of freedom, df) = 1107.954, p < 0.001) indicated that the correlations between the

distance indicators were sufficiently large to perform a factor analysis. We chose to extract three
components hereafter referred to as D1, D2, and D3, which explained 75% of the variance of data and
had eigenvalues higher than Kaiser’s criterion of 1. Table 3 shows the structure matrix with the highest
loadings for each variable.

Table 3. Results of the PCA structure matrix applied on distance indicators. The D1, D2, and D3
components and their highest loadings for each variable are displayed.

Distance Indicators Component D1 Component D2 Component D3

Distance to mixed-use areas 0.71
Distance to town management areas 0.88

Distance to urban green areas 0.77
Distance to recreational forests 0.76

Distance to paths 0.87
Distance to paved roads 0.83

Distance to historic monuments 0.77
Distance to recreational attractions 0.75

Distance to buildings 0.87
Distance to neighborhood of residences 0.85



Sustainability 2019, 11, 3620 10 of 19

By analyzing how variables clustered around the resulting components of the PCA, we interpreted
each component as a recreational activity profile on the selected locations. The first component (D1)
was characterized by a strong presence of urban structures (residential areas, paved roads, historic
buildings); hence, it was termed “urban recreation”, which means that the participants opting for these
sites consider urban structures to be ideal elements for recreation. These can be shopping activities
or activities of urban life. The second component (D2) was related to a more natural environment
(urban forest and paths), and we considered it as nature recreation, where the person perceives more
natural places to be adequate for recreation. These places, which are perceived as having high natural
value, are frequently at the city’s edge. Urban green does not load in this profile. The third component
(D3) was interpreted as a mixture of the first two profiles, as both distance to buildings and distance
to urban green areas had high loadings. We labelled this component ubiquity recreation, because it
combines urban features with more natural spaces.

We compared the PCA scores of the two profiles for each participant. The results are shown
in Table 4. The participants who scored high on component P2 (preference for natural environments)
correlated with a high score on component D2 (recreational activity profile “nature recreation”).
Their percentage (23%) was higher than in the other two activity profiles: D1 (urban recreation,
12.2%) and D3 (ubiquity recreation, 16.2%). Nonetheless, people who scored high on P1 (urban
preference component) also showed a considerably high share in the nature recreation profile D2
(18.9%), even higher than in the urban recreation profile (D1, 16.2%). This highlights the fact that
green infrastructures have high importance for recreation, even if people have a preference for a more
urban lifestyle (profile P1). The fact that the ubiquity recreational activity profile (D3, 28.7% of all
participants) and the nature recreation profile (D2, 41.9%) made up more than 60% of the respondents,
once again underlining the importance of green infrastructure for people’s recreation.

Table 4. A comparison of PCA scores on preference profiles is indicated in the two rows, and three
recreational activity-based profiles are shown in the columns.

Profiles
D1—Urban
Recreation

%

D2—Nature
Recreation

%

D3—Ubiquity
Recreation

%

Total
Participants

%

P1—Preference for urban environment 16.2 18.9 13.5 48.6
P2—Preference for natural environment 12.2 23.0 16.2 51.4

Total % 28.4 41.9 28.7 100

3.2. The Index of Recreational Potential

As described in Section 2.4, we fitted a GLM with a binomial distribution to model and predict
occurrence of places where participants express high recreational values. The GLM yielded regression
coefficients for every explanatory variable (see Table 5). Note that the explanatory variables represent
distances to landscape features (distance to paths, distance to recreational forests). Thus, a negative sign
of Beta indicates a positive effect on the index and vice-versa. Accessibility (distance to roads, paths,
buildings, residences) was shown to play an important role as well as close-by forests and recreation
attractions. This is well in line with [39] and confirms them as important drivers of recreation [60,61].
Urban green, historic monument mixed-use areas showed positive Beta values, indicating that their
influence on recreation is negative. This shows that, averaged over all respondents, nature recreation
outside the city is the preferred mode.
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Table 5. Multiple regression coefficients: B, SE, and Pr (N = 341).

Variable B (Beta) SE
(Standard Error)

Pr
(>|z|) Significance

Intercept 3.806 × 10+00 6.101 × 10−01 4.41 × 10−10 ***
Distance to mixed-use areas 1.300 × 10−03 4.652 × 10−04 0.005188 **

Distance to town management areas 3.357 × 10−04 2.554 × 10−04 0.188795
Distance to urban green areas 2.268 × 10−03 7.981 × 10−04 0.004490 **
Distance to recreational forests −1.218 × 10−03 3.927 × 10−04 0.001920 **

Distance to paths −1.961 × 10−03 6.313 × 10−04 0.001894 **
Distance to paved roads −2.115 × 10−03 5.611 × 10−04 0.000164 ***

Distance to historic monuments 3.869 × 10−04 1.715 × 10−04 0.024060 *
Distance to recreational attractions −1.854× 10−03 3.869 × 10−04 1.65 × 10−06 ***

Distance to buildings −2.778× 10−03 7.139 × 10−04 9.98 × 10−05 ***
Distance to neighborhood of residences −1.232 × 10−04 7.354 × 10−05 0.093757

Significance codes: 0 = ‘***’, 0.001= ‘**’, 0.01= ‘*’, 0.05= ‘.’, 0.1 =’ ‘.

Figure 3 graphically represents the goodness of fit for our model. This model had two random
factors: the age group and the gender of the participants. The model underestimated the small index
values (0.2–0.4), overestimated the medium values (0.4–0.5, 0.6–0.7), and fitted the higher values
(above 0.85) best. We interpreted these higher values as places which are perceived as having “high
recreational value”. The AIC (Akaike information criterion) value from the model was 266.03, the RMSE
(root-mean-square error) was 5.53, and the MAE (mean absolute error) was 2.91.

Figure 3. Fitted values of the model depicted as red points with bars representing standard deviations.
The dotted line represents a perfect prediction of the observed values. The dark points are observed
values—places where recreational value is perceived (value of 1 for the index) or where it is not (0 value).

Mapping the recreational potential highlighted the urban forest edge and areas surrounding it
as having the highest index value for recreation (Figure 4). Through applying GLMs, we obtained
an index of recreational potential, with high values indicating that we would expect many people to
consider the area as valuable for recreation, and low values indicating that only a few people would
select the area as having a high recreational potential for them. The map clearly shows an imbalance
between the north and the south parts of the city, caused by the absence of forests in the north and
a dominance of positively loading (Beta) elements such as management areas, mixed-use areas, etc.
The farther away these features are, the better for recreation.
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Figure 4. A map of the city of Bras, ov showing the spatial distribution of recreational index values.

4. Discussion

This is one of few spatially explicit recreational potential analyses that uses distance data from
landscape features and not the landscape features themselves to explain people’s preference patterns
for recreation activities. The interesting aspects of our model and how they relate to the current state of
knowledge are outlined below.

The distance decay indicators revealed three recreational activity profiles based on the preferred
locations when outdoors. The “urban” recreation profile (D1, see above) is linked to elements such as
historic buildings and developed infrastructure, characterizing mostly central areas where accessibility
is higher and urban leisure activities are present, e.g., shopping or strolling. The strong effect of
accessibility is also visible in the GLM and confirms other research suggesting that people’s route
choice for recreation is often based on a short path strategy inside the city and becomes a combined
strategy with trade-offs between quick access and a high quality route when distance increases [49].
On the other hand, the nature recreation profile (D2, see above) in our study is in line with other studies
focusing on the spatial locations of visited recreation areas [34,62]. This profile identifies a dominance
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of recreational activities in natural areas such as forests, woodlands, and open space areas around cities.
The third type of recreational profile, “ubiquity recreation”, was interpreted as a mixture of the first two
profiles—a way of satisfying the need to recreate in a more natural environment while remaining close
to urban life. Only in this profile does distance to green urban areas have a high influence, whereas for
the others, it does not play an important role. Based on these findings, we mapped the recreational
potential of the city of Bras, ov for the average user, creating a useful instrument for future planning.
The use of geodata and its connection with human perception is a popular method, as recent literature
shows. Like in our research, it leads to results that can support and influence GI policies in urban
areas. Our results provide useful insight for future urban development strategies by geographically
referencing how the local community assesses their environment from a recreational perspective.
This type of information can determine whether a project fits the landscape, or not or how well it is
received by people, to avoid potential future conflicts.

In a further part of the analysis, based on participants’ preferences for selected landscape
features—not places—we obtained two types of recreational preference profiles. The P2 component
(preference for natural environments) is linked to nature-based recreation such as walking and nature
observation in larger habitats such as forests. The first preference profile (P1—preference for urban
environments) is characterized by recreation which is concentrated in a specific area, requiring
infrastructure and often linked to socializing. These two profiles are completely in line with other
studies. Profile P2 confirms studies highlighting the recreational potential of forests, in particular,
urban forests [63–65] and natural areas outside cities used for walking, hiking, and mountain biking.
Profile P1 exhibits the growing number of people that enjoy city life in cities that try to improve,
e.g., pedestrian arcades or green infrastructure.

One of the major findings of our study is that the participants classified into the P2 profile
(preference for natural environments) do indeed seek places with more natural elements (D2 profile).
Surprisingly, the urban group (P1) with clear preference for city life also seeks places with nature
elements (D2), emphasizing the important role of green infrastructure, even for city people. This finding
becomes imperative when planning large residential areas at the edges of cities [66,67]. With increased
urban cover, nearby outdoor recreation areas might become a scarce resource with crucial impacts
on people’s well-being [43,48]. One of the challenges generated by the imbalance between urban
densification and the sprawling of cities is the decrease of “common” green infrastructure outside cities
such as agricultural fields, forests, meadows, etc. This decrease can increase the pressure on the existing
green spaces due to recreational demands [68,69]. Our analysis with the recreational profiles could
be used by city planners; they could develop demand-based development of green infrastructures,
where urban green for the “ubiquists” would be generated, forests for the nature-loving would be
maintained, and attractive urban centers for the “urbanists” would be planned.

In our study, participants who showed high preferences for urban features also preferred sites
with high nature potential. We do not know whether they are active users of these places or just
indicated where—in their opinion—“nature” could be found. If the latter is the case, it might indicate
that people can develop an attachment to a certain space, even though they have never visited it,
by giving it a symbolic value and transforming it into a place [25]. For this group, the outskirts of the
city, occupied by Bras, ov’s urban forests, could indeed play the role “longing for nature”.

When thoughtfully planned, GI can contribute towards urban development which takes nature
conservation into account and can also promote public health [9]. “Collaborative planning” [70]
implies that landscape changes must be precursors to added value, which may often develop into the
provision of multiple ecosystem services [71]. This aspect not only helps us to understand how the
urban community perceives and uses this recreational potential but also how this potential can be
easily integrated into tourism activities. Our findings support those of Gundersen and coworkers [63],
highlighting the necessity to develop multiple-use planning tools to provide good access to recreational
activities in urban forests which serve as “hotspots” for ecosystem services. Our results identified that
quite a large portion of people are "ubiquists" when outdoors. Old parts of the city and urban green
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space are important for them. These results confirm the fact that central areas must have a good supply
of cultural and habitat services to be attractive and that everything should be undertaken to maintain
these services and reduce the risk of well-being decreasing as a result of urbanization [72].

In cities, quality of life is directly related to cultural services and social benefits that are found
in the urban landscape. People involved in interactions with urban green spaces in the wider sense
have generally reduced stress factors, which has become an important indicator for assessing the
quality of urban areas [73].

These results provide a useful insight into the recreational potential of the urban area of Bras, ov.
This not only helps the city administration to develop urban strategies, but also helps the forest
administration to adapt forest management practices to the public’s expectations of recreational areas.

4.1. Limitations of the Study

We identified some limitations of our study that are important for future research which we
outline below:

(1) Our study is based on reported occurrence patterns and not on the real occurrences of people.
It is possible that participants did not actually use the places they highlighted for recreation,
although it is likely. Social media data could be used in the future to derive real occurrences [74],
presenting one solution to overcome this limitation [75,76].

(2) The landscape context (distance variables) was approximated with an array of landscape features
(attractors/inhibitors) which can be found within given distances from a point stated to have
recreational value. This follows findings of other research teams who found that accessibility to
known attractors such as water bodies [48], roads [56], and residences [34] is a key determinant
of recreational behavior. However, these contextual variables do not incorporate socio-cultural
aspects which also contribute to the landscape context [77,78].

(3) Our landscape features used as attractors/inhibitors originated from rather coarse geographical
data. It would be advisable for future studies to use a more detailed spatial classification at block
level or maybe even street level to give more accurate data. The city’s master plan was useful to
obtain a good city-level overview of urban planning, but further detail, such as information on
labor and business centers or public transport stations is needed to see how recreation relates to
these activities and features.

(4) In the data collection process, we used paper maps to perform the participatory mapping process,
which has shown to have a better response rate, even if all modes of collecting this type of
data have a decreasing trend in the response rate [79]. All the interviews (N = 75) took place
in an outdoor setting during one week in June 2016. We selected this time of the year because the
weather conditions are favorable for collecting data. However, we recommend that future studies
use applications based on Open Street Map or GIS applications with tablet support to give better
data accuracy. It is easier for participants to navigate and search for places using an application;
additionally, this should reduce the time spent in the interview.

4.2. Recommendations

Further research in the mapping of recreational potential should be directed toward linking the
perception of hotspots with high recreational values with information gathered from social media
(Facebook, Instagram). These data would indeed reveal real occurrences of recreation, and it would
be worth investigating whether the reported places in social media match the ones indicated by
participants in our survey. Knowledge about means of transportation (what type, when) could
also contribute to a better understanding of nearby recreation needs and could be used to improve
timetables. Moreover, the analysis of social statistics and the perception of recreational values on the
basis of a representative sample would provide useful information on whether there are specific areas
that are perceived as specific hotspots by social groups.
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5. Conclusions

This study aimed to evaluate the context in which recreation takes place and how this can be
used as a basis for mapping the recreational potential of an urban area. Using participatory mapping
techniques [48,80,81], we gathered spatial data regarding places where Bras, ov’s inhabitants reported
high recreational values.

Our study highlighted three recreational activity profiles: urban recreation, nature recreation,
and ubiquity recreation. The urban recreation profile was linked to the old town center and residential
areas, whereas the other two profiles were connected to forests and paths (nature recreation) and parks
and small gardens (ubiquity recreation). Understanding how well inhabitants’ desires for landscape
features correspond with the places they physically visit or envision is an important step forward
in recreation research and is helpful for developing a more adaptive urban landscape.

The fact that over 60% of the respondents mentioned places with large patches of green
infrastructure or urban green when recreating reinforces the idea that GI can be used as a strategic
planning approach; in this case, Bras, ov’s urban forest attained the highest values on the recreational
index. In post-communist countries, such as Romania, the use of GI in the planning process is not
common [82], despite the fact that the associated quality of recreation regarding green areas has
increased [1].

Our findings also highlight a discrepancy between the northern and southern parts of the city
in terms of the urban landscape’s capacity to fulfill the recreational demands. The use of GIS databases
and visual outputs such as maps helps to transfer knowledge from research into policy and planning
by providing a decision support system [40,83].

Recreation is considered an important ecosystem service and its assessment is important, not only
at the local level, but also at the regional [6] and even the European level [54]. The mapping of
recreational potential can help urban planning to achieve higher accessibility to areas providing
these ecosystem services and can improve the quality of life in urban areas by prioritizing areas and
identifying possible problems or conflicts.
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