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A B S T R A C T   

As cities become more densely populated, urban green spaces (UGS) are increasingly important due to the 
environmental and social benefits they provide. Cities are confronted with the challenge of equitable supply of 
high-quality urban green that meets the demand of residents. This is particularly relevant in lower-income 
neighborhoods, which tend to suffer from the lowest supply of (high quality) UGS. In this paper, we perform 
spatial analysis on the responses of an online user survey to explore how UGS frequency of use, choice, and 
satisfaction differ by use pattern and place of residence in the Brussels Capital Region. Additionally, we identify 
the “push-pull” factors of individual UGS by identifying the desirable (pull) and undesirable (push) qualities that 
may attract or repel the use of a UGS. We find that use pattern is related to choice and experience of UGS. 
Compared to people who use UGS for social purposes, those who use UGS for nature-oriented reasons more often 
choose to visit UGS that are substantially farther from their home but are more often satisfied with the UGS they 
use. Our findings also show that respondents living in areas with higher proportions of disadvantaged groups 
tend to travel substantially farther to reach their UGS and are more often dissatisfied with the UGS they visit. 
Finally, our push-pull analysis indicates that characteristics that are important to nature-oriented users, such as 
quietness and calmness, are often more negatively experienced in dense city center UGS. Our research thus 
demonstrates the need to bring more green, particularly green that elicits a feeling of “naturalness”, to areas of 
the city where low green space quality and quantity overlap with areas inhabited by vulnerable populations.   

1. Introduction 

Urban green spaces (UGS) play an important role in the well-being of 
residents in increasingly densifying cities. They provide environmental 
benefits, such as water and air filtration, buffering noise pollution, of-
fering habitats for animals, and reducing heat stress (EEA, 2020). At the 
same time, UGS offer opportunities for recreation, improve mental and 
physical health (Groenewegen et al., 2006; McCormack et al., 2010; 
Toftager et al., 2011; Nutsford et al., 2013; Keniger et al., 2013), and are 
notable sites of aesthetic value, inspiration, spiritual experiences, and 
education (Millennium Ecosystem Assessment, 2005). 

Because space for nature is limited in cities, UGS must address the 
needs of a diverse range of users. As such, much research in recent years 
has focused on understanding public use and perceptions of UGS to 
identify whether the supply of UGS meets public demand (Hegetsch-
weiler et al., 2017; Krajter Ostoić et al., 2017). Improving understanding 
of public preferences for UGS can help to inform policymaking, plan-
ning, and management of UGS that better cater to the needs of users 

(Krajter Ostoić et al., 2017). 
Several factors have been found to influence how people use and 

experience UGS. Users’ individual preferences and motivation for use of 
UGS lead to distinct use patterns and experiences. Studies have identi-
fied two main groups of UGS users: those who use UGS for less utili-
tarian, or “nature-oriented” purposes and those who use UGS for more 
recreational, or “social” reasons (Plieninger et al., 2013; Rall et al., 
2017; Phillips et al., 2021). In research by Rall et al. (2017), 
nature-oriented users were found to more often visit UGS for inspiration, 
to experience pleasant sounds, and for nature and spiritual experiences. 
Conversely, social users were more likely to visit UGS to exercise, spend 
time with friends, play with children, or walk a dog. Research finds that 
older inhabitants more often use UGS for nature-oriented, restorative 
purposes, while younger populations tend toward social uses (Ode Sang 
et al., 2016; Riechers et al., 2018; Phillips et al., 2021). Motivation for 
use has also been linked to frequency of use. People with greater 
nature-orientation more often spend time in nature (Nisbet et al., 2009) 
and, more specifically, in urban parks (Lin et al., 2014; Flowers et al., 
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2016). While there are several studies assessing the relationship be-
tween greater nature-orientation and patterns of UGS use, there is a lack 
of research that focuses on assessing these same dynamics of social users. 

In addition to motivation for use, the characteristics of UGS play a 
role in how UGS are used and experienced. They are linked to the 
perceived benefits provided by the space, while the activities performed 
in UGS are largely dependent upon the infrastructure available 
(Hegetschweiler et al., 2017; McCormack et al., 2010; Schipperijn et al., 
2013; Zhang et al., 2013). For example, lower noise levels are associated 
with fewer feelings of fear and irritability in UGS (Gozalo et al., 2018), 
while tall tree canopies have been linked to feelings of unsafety (Dade 
et al., 2020; Hegetschweiler et al., 2017). Wooded areas, walking/cy-
cling routes, and water features are associated with more frequent 
physical activity in UGS (Kaczynski et al., 2008; Schipperijn et al., 
2013). Depending on an individual’s preferences, the presence or 
absence of certain UGS characteristics may encourage or discourage use 
of specific UGS (Misiune et al., 2020). While there is much research on 
the relationship between use of UGS in relation to the presence or 
absence of UGS characteristics, there is less on the subjective perception 
of UGS characteristics and their quality (Hegetschweiler et al., 2017). 

Many studies assessing the accessibility of UGS in urban contexts 
focus only on access to the nearest UGS or the provision of UGS within a 
buffer from each residence, implying that proximity is the greatest 
predictor of use (Schindler et al., 2022). However, Schipperijn et al. 
(2010) observe that nearly half of urban residents do not most often visit 
the nearest UGS. Similarly, in a comparative urban study, Schindler 
et al. (2022) find that residents travel between 1.4 and 1.9 km to the 
UGS they most frequently visit, with large variations between cities. 
Their findings suggest that longer travel distance is more often related to 
the quality of the visited UGS rather than its size. As longer travel time to 
UGS is associated with less frequent use (Maat and de Vries, 2006; 
Schipperijn et al., 2010; Zhang et al., 2013; Žlender and Ward Thomp-
son, 2017), improving perceptions of nearby UGS may increase UGS use 
and benefit (Akpinar, 2016; Schindler et al., 2022). 

Further influencing the dynamics between use and experience of 
UGS is the unequal distribution of UGS in cities. It is widely acknowl-
edged in environmental justice literature that affluent communities 
more often benefit from more and higher quality green provisions 
nearby (Wolch et al., 2014; Kabisch and Haase, 2014; Ferguson et al., 
2018). This disparity disproportionately impacts vulnerable groups. 
Research in the United States found that neighborhoods with higher 
concentrations of African American and Hispanic residents tend to have 
significantly worse access to UGS (Dai, 2011; Wen et al., 2013). Other 
studies have found that UGS in poorer neighborhoods tend to be of lower 
quality (Li and Liu, 2016; Hoffimann et al., 2017; Stessens et al., 2017). 
It is therefore essential to consider neighborhood-specific socio-demo-
graphic inequalities in assessments of UGS provision and quality (Li and 
Liu, 2016). Understanding inequalities in access to and experience of 
UGS can enable interventions that help to reach a more equitable dis-
tribution of UGS that meet users’ needs (Ferguson et al., 2018). 

In this paper, we explore how frequency of use, choice, and satis-
faction of large UGS differ by users’ motivation for use and by place of 
residence. We also examine the “push-pull” factors of individual large 
UGS by identifying the desirable (pull) and undesirable (push) qualities 
that may attract or repel the use of a UGS (Misiune et al., 2020). While 
UGS of all sizes provide benefits, large UGS play an essential role in cities 
because they provide benefits and opportunities that are not supported 
by smaller UGS. Compared to smaller UGS, larger spaces attract more 
and more frequent visitors (Schipperijn et al., 2010; Gozalo et al., 2019). 
Larger UGS are also associated with more frequent physical activity and 
better physical health (Schipperijn et al., 2013; Akpinar, 2016; Gozalo 
et al., 2019). Because they support a wider range of activities than 
smaller UGS, urban residents are typically willing to travel farther to 
reach larger UGS (Van Herzele and Wiedemann, 2003; Stessens et al., 
2017). As such, accessibility standards defining maximum distance 
thresholds to UGS assign larger distances to larger UGS (Gupta et al., 

2016). To gather data for our research we ran an online map-based 
survey on use and experience of large UGS in the Brussels Capital Re-
gion (BCR). In our research, large UGS were defined as public green 
spaces of at least 6 ha, corresponding to the definition of “quarter green” 
UGS and larger (Stessens et al., 2017). 

In our research we pose three main questions: (1) Do frequency of use 
and choice of large UGS differ based on residents’ use pattern and do we 
observe any differences in our observations depending on the physical 
and social characteristics of the neighborhood in which people live?, (2) 
Does UGS satisfaction differ by use pattern and choice of UGS, and, if so, 
do we notice any differences between different types of neighborhoods?, 
and (3) What are the main push and pull factors for individual UGS in 
the Brussels Capital Region and how satisfied are respondents with 
specific characteristics of these UGS? Based on previous research, which 
finds that nature-oriented and social users make use of UGS in distinct 
ways (Nisbet et al., 2009; Lin et al., 2014; Phillips et al., 2021), we 
hypothesize that use pattern will play an important role in UGS fre-
quency of use, satisfaction, and choice. Additionally, distance traveled 
to UGS has been found to relate to the amount of local provision as well 
as the quality of UGS. For instance, while lower local UGS provision is 
associated with increased travel distances to visited UGS (Hoffimann 
et al., 2017; Schindler et al., 2022), the perception that nearby UGS is of 
high quality is related to shorter travel distances to UGS (Flowers et al., 
2016; Schindler et al., 2022). Due to the BCR’s concentric pattern of 
UGS, with more and higher quality green in the urban periphery (Stes-
sens et al., 2017; Van de Voorde, 2017; Texier et al., 2018), we therefore 
expect that respondents living in the city center will travel farther to 
reach UGS, will make less frequent use of UGS and, if they utilize city 
center UGS, will be less satisfied with their UGS compared to those in the 
urban periphery. Further, because city center UGS often suffer from 
overcrowding (Lo and Jim, 2010; Kabisch et al., 2016; Rall et al., 2019), 
this dissatisfaction will likely be more strongly felt among 
nature-oriented users, for whom calmness and quietness are important 
characteristics (Phillips et al., 2021). Finally, the BCR is segregated, with 
less affluent populations mostly living in the inner city and wealthier 
populations in the green periphery (Dujardin et al., 2008; Costa and De 
Valk, 2018). Due to the spatial distribution of green in the BCR, we 
expect that populations in less affluent communities will be less satisfied 
with UGS and will be inclined to travel farther to reach UGS better 
fulfilling their needs. Insights from this research will therefore enable us 
to better understand socio-spatial inequalities in access to UGS. 

With this study, we aim to contribute to the body of literature on UGS 
use and experience by further exploring the complex relationships be-
tween UGS preferences, frequency of use, choice, and satisfaction. We 
further the literature exploring how use pattern relates to distinct use 
and experience of UGS, particularly in different types of neighborhoods 
with unequal UGS provision and socio-demographic composition. We 
also propose a method to identify the perceived push-pull factors for 
individual UGS and calculate a satisfaction score for various UGS 
characteristics using map-based survey data. This enables us to not only 
identify common push and pull factors across all UGS but to identify 
spatial inequalities in the provision and satisfaction of UGS character-
istics in different parts of a city. The push-pull analysis may also help to 
nuance understandings of UGS choice by different types of UGS users in 
different parts of the city. While understanding why and how people 
make use of UGS is challenging, it is important for urban planners to 
provide UGS that meet the needs of inhabitants. 

2. Study area 

The BCR has a population of 1.2 million inhabitants and is located in 
the center of Belgium. It is made up of 19 communes, which span 161 
km2 and vary considerably in terms of population density – from 249 
inhabitants/ha in the densest commune to 19 inhabitants/ha in the least 
dense commune (Brussels Environment, 2018). Access to green is un-
even in the region, with less and lower quality green in the city center 
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and more, higher quality green in the periphery (Stessens et al., 2017; 
Van de Voorde, 2017; Texier et al., 2018). 

Fig. 1 presents a physical neighborhood typology (PNT) of the BCR at 
street block level based on variables describing building density, street 
green and street block greenness, and access to large UGS. Variables 
included in the PNT aim to highlight differences in greenness and the 
built environment around the region. A measure of green within and 
surrounding each street block is included because the amount of green in 
one’s environment is associated with better mental and physical health 
(Lovasi et al., 2008; van Dillen et al., 2012; Gascon et al., 2015; Taylor 
et al., 2015). Built-up area characteristics were incorporated based on 
urban form indicators defined by Vanderhaegen and Canters (2017): 
building adjacency, mean building size, and amount of the perimeter of 
a street block that is built up. Finally, we incorporated distance to large 
UGS in the PNT. We consider that urban residents should have a large 
UGS of at least 6 ha within 800 m distance, or approximately 10 min by 
foot, which has been used as the upper threshold of accessibility to 
“quarter green” UGS by Van Herzele and Wiedemann (2003). 

The PNT shows that street blocks in the city center (PNTs 1 and 2) are 
characterized by higher building densities and lower street block green 
and street green. Conversely, street blocks in the periphery (PNTs 3 and 
4) have lower building densities and higher green provision. Only street 
blocks in PNTs 2 and 4 have access to large UGS within 800 m. 

3. Methods 

3.1. Survey design 

An online survey of BCR residents was run between September 2019 
and July 2020. Elements included in the survey were based on a liter-
ature review of similar research, such as Bertram and Rehdanz (2015) 
and Rall et al. (2017). The survey was conducted using Maptionnaire, an 
online public participation geographic information system (PPGIS) tool. 
PPGIS tools have been used previously to gather spatially explicit 

information from people about their environment (Brown and Kyttä, 
2014; Luz et al., 2019) and are particularly relevant for studying spatial 
variations in the experience of UGS in urban contexts. Ives et al. (2017) 
used PPGIS in four urbanizing suburbs in Australia to understand where 
participants felt particular green space characteristics (e.g. aesthetic 
value, social interaction value) were present or missing. Similarly, Rall 
et al. (2017) explore cultural ecosystem service assessment around 
Berlin with the help of a PPGIS tool. Due to the spatially explicit insights 
they provide, PPGIS can highlight variations in UGS use and preferences 
across the city and between individual UGS (Rall et al., 2019). 

The objective of our survey was to understand people’s use and 
experience of UGS around the BCR. Respondents were first asked to 
provide basic background information, such as age, gender, household 
composition, the highest diploma obtained, income, nationality, and 
cultural roots, and to locate the street block where they live on a map. 
They were then asked to rate the importance of different characteristics 
and amenities in their ideal UGS (e.g. water features, paved paths, 
playgrounds) on a five-point Likert scale from “Not Important” to “Very 
Important”. In the next section of the survey, respondents indicated the 
large UGS (i.e. public green spaces of >6 ha, or “quarter green”) that 
they most frequently used, either by selecting the UGS name from a list 
or by locating the UGS on a map. Geodata delineating the boundary and 
size of UGS in the BCR were taken from the open-source data repository 
of the regional environmental authority, Brussels Environment. 
Following UGS selection, respondents were presented with a series of 
closed-ended questions about their selected UGS, including how often 
they visit the UGS, what they do in the UGS, and liked and disliked 
characteristics of the UGS. Respondents could select up to three moti-
vations for UGS use and three liked and disliked UGS characteristics. 
Similar to previous research (Žlender and Ward Thompson, 2017; 
Schindler et al., 2018), we chose to focus our research on the large UGS 
respondents most frequently visit. Because we asked several follow-up 
questions about why and how respondents use their most frequently 
visited UGS, doing so for multiple UGS would likely have led to survey 

Fig. 1. Physical typology based on the green within each street block, street green within a 400 m radius of each block, building characteristics within the block, and 
whether or not the block has access to a large UGS within 800 m. Large green spaces (>6 ha) are indicated in grey. Green spaces included in the push-pull analysis 
have been highlighted. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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fatigue, reducing the completion rate of the survey (Fan and Yan, 2009). 
The focus on only the most frequently used UGS can be seen as a limi-
tation of this research that we will reflect on further in the discussion. 
After a round of piloting, the survey was put online in English, Dutch, 
and French. A list of the survey questions included in this study is pro-
vided in Appendix A. 

Several channels were used to disseminate the survey. A link was 
shared through the social media pages of several environmental orga-
nizations in the BCR and to Facebook pages dedicated to each of the 
Brussels municipalities and to expats. Flyers advertising the survey were 
delivered to the residents of 32 street blocks located in neighborhoods 
around the region with distinct physical characteristics and socio- 
demographic composition. Advertisements were also displayed in pub-
lic places like libraries and universities. Additionally, survey links were 
shared with several community centers and were included in articles 
published in several Dutch, French, and English news outlets. Targeted 
Facebook ads were sent to groups underrepresented in the survey. 

In total, we received 1862 survey responses, of which 1216 were 
complete and 646 partial. Once respondents had been screened to 
include only the respondents who identified their most frequently used 
UGS > 6 ha, who visited their UGS from home (rather than, for instance, 
their place of work), and provided the location of their street block, 945 
responses remained. Just over two-thirds of respondents are female 
(67.7 %), an overrepresentation compared to the BCR (51.0 %). Re-
spondents in the age group 30–44 are overrepresented as well (42.2 % of 
survey respondents, compared to 23.9 % of inhabitants of the BCR). 
Respondents are overwhelmingly well-educated, with 91.5 % of re-
spondents having or working toward a higher education degree, 
compared to only 40.8 % of the BCR population. Table 1 presents a 
complete list of the demographics of survey respondents compared to 
the population of the BCR (Brussels Institute for Statistics and Analysis, 
2019). In terms of access to private green, 57.5 % of respondents report 
having access to a private garden (excluding access to a small balcony 
space). Due to the observed biases in the survey population, the findings 
of this research should be interpreted with these statistics in mind, and 
cannot be considered representative of the entire population of the BCR. 

3.2. Identifying socio-demographic clusters 

To examine differences in UGS use, choice, and satisfaction in 
different neighborhoods, a social neighborhood typology (SNT) was 
created, which characterizes the BCR in terms of its socio-demographic 
makeup. Similar map-based typologies have been used to visualize 

social segregation in other contexts (Delmelle, 2016; Niembro et al., 
2021). Data from the 2011 Belgian census at the statistical sector level 
were used. This is the most detailed territorial level for census statistics 
in Belgium. Variables in the SNT include average income, education 
(percentage of the population who have obtained a secondary degree), 
percent unemployed, and nationality (percentage of people of a certain 
nationality present in each statistical sector). K-means cluster analysis 
was conducted in R to identify groupings of similar statistical sectors. 

3.3. Differences in frequency of use and choice of UGS 

To explore variations by use pattern, we divided respondents into 
two groups based on their motivations for using UGS. These groupings 
were identified in a previous analysis of data from the same survey (see 
Phillips, Khan and Canters, 2021). User groups were determined 
through a multiple correspondence analysis, which included re-
spondents’ motivations for use and the characteristics that contribute to 
a positive experience of the large UGS they selected. This analysis 
identified two groups of green space users: those who visit UGS for 
“nature-oriented” purposes (e.g. for peace and quiet, to be around trees, 
plants, and animals) and those who visit UGS for “social” purposes (e.g. 
gathering with friends and family, attending events, bringing a child to 
play). Nature-oriented users make up 29 % of all respondents of the 
survey and social users 26 % of respondents. Respondents who use UGS 
for both nature-oriented and social purposes (11 %) were excluded from 
analyses where differences in use patterns are explored, as were re-
spondents who did not use UGS for reasons defined as nature-oriented or 
social based on the multiple correspondence analysis (34 %). All users, 
regardless of use pattern, were included in analyses that do not look at 
differences in use pattern. 

Next, we identified how frequency of use and choice behavior relates 
to use pattern in different parts of the city. To examine choice behavior, 
we identified which respondents travel substantially farther beyond 
their nearest large UGS to reach the large UGS they most frequently use. 
The nearest UGS was identified using the Network Analysis tool in 
ArcGIS Pro, by calculating the distance of the closest large UGS entrance 
to each building block centroid. “Substantially farther” was defined as 
being both 400 m farther and at least twice as far as the nearest UGS. The 
threshold of 400 m corresponds to approximately 5 minutes of walking. 
If these criteria are not met, the respondent was considered to travel to a 
nearby UGS. We did not take into consideration respondents’ modes of 
transportation. For each SNT, we first looked at frequency of use and 
choice behavior for different use patterns (nature-oriented and social 
users). Then, we examined how choice behavior relates to frequency of 
use. Mann-Whitney U-Tests and chi-squared tests for independence were 
conducted to determine whether differences in response between SNTs 
(for nature-oriented versus social users, respondents who visit a nearby 
versus substantially farther UGS) are significant. 

3.4. Differences in satisfaction of visited UGS 

Next, we aimed to understand how UGS experience differed by use 
pattern and choice of UGS for each neighborhood type. Satisfaction was 
measured as the number of positive UGS characteristics indicated by 
each respondent minus the number of negative characteristics. We 
applied a weight to the positive and negative characteristics if the 
respondent also indicated that the characteristic was important in their 
ideal UGS. If the characteristic was “important”, it received a double 
weight (2) in the satisfaction score. If it was “very important”, it received 
a triple weight (3). If the respondent did not indicate that the charac-
teristic was important in their ideal UGS, it received a weight of one (1). 
The final satisfaction score ranges from − 9 to + 9, where − 9 corre-
sponds with a highly negative experience and + 9 with a highly positive 
one. We then classified the satisfaction scores into seven categories from 
very dissatisfied to very satisfied, as delineated in Table 2. Mann- 
Whitney U tests were used to determine if differences in satisfaction 

Table 1 
Summary of demographic characteristics of survey respondents as a percentage 
of the total survey population, compared to statistics from the BCR.   

Survey population Brussels population 

Gender   
Female 67.7 % 51.0 % 
Male 32.3 % 49.0 % 

Age   
Under 18 0.4 % 22.9 % 
18 – 29 18.9 % 17.1 % 
30 – 44 42.2 % 23.9 % 
45 – 64 27.4 % 23.0 % 
65 – 79 9.7 % 9.0 % 
80 + 1.3 % 4.1 % 

Belgian nationality 74.0 % 65.0 % 
Education (15–64)   

Lower (primary/none) 0.9 % 32.2 % 
Secondary school 7.6 % 27.0 % 
Higher education 91.5 % 40.8 % 

Occupation   
Employed 73.1 % 70.5 % 
Unemployed 6.7 % 5.4 % 
Retired 11.6 % – 
Student 8.5 % –  
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between SNTs for different groupings (nature-oriented and social users; 
respondents visiting a UGS nearby or substantially farther) are statisti-
cally significant. 

3.5. Push-pull factors and user experience for individual UGS 

As an indicator of attractivity of individual UGS, we identified, per 
UGS, what percentage of those living nearby use the UGS compared to 
the percentage that chooses instead to visit a UGS farther away. This 
provides a first indication of satisfaction with individual UGS. Then, we 
explored the push-pull factors of selected UGS. Push factors are the 
negative characteristics that may dissuade use of a UGS, while pull 
factors are the positive characteristics that encourage use of a UGS. 
Misiune et al. (2020) describe push factors as the undesirable qualities of 
a UGS, as well as hindrances to use of a UGS (e.g. perceived distance, 
barriers to entry of the UGS, unpleasant surroundings). In this study, we 
focus on undesirable or missing characteristics of UGS and not on hin-
drances of use. A list of push and pull factors included in the analysis is 
presented in Table 3. In our analysis, we looked at the push-pull factors 
for several large UGS for which we had a sufficient number of re-
spondents (n > 30) indicating the characteristics that contributed to a 
positive or negative experience of the UGS. To calculate a satisfaction 
score for each factor, characteristics again received a double or triple 
weight if a respondent identified the characteristic as important or very 
important in their ideal UGS. We first calculated the average push and 
pull score per characteristic, which ranged from 1 to 3 due to the weights 
applied. This average push (pull) score was multiplied by the percentage 
of respondents who indicated that the characteristic contributed nega-
tively (positively) to their experience of the UGS. A final satisfaction 
score per characteristic was then calculated for each UGS by subtracting 
the response-weighted negative score from the corresponding positive 
score. A satisfaction score below zero indicates that a characteristic has a 
net negative contribution to our respondents’ experience of the selected 
UGS and vice versa. 

4. Results 

4.1. Socio-demographic clusters 

From the cluster analysis, four distinct SNTs were defined. Fig. 2 

shows the final SNT, represented at the street block scale to facilitate 
comparison with the PNT in Fig. 1. SNT 1 consists of street blocks with a 
relatively high proportion of Turkish and North African inhabitants and 
the lowest income levels, highest unemployment, and lowest levels of 
education. SNT 2 is comprised of relatively high proportions of in-
habitants with EU15 nationalities, higher education levels and income 
than SNT 1, and lower unemployment than SNT 1. SNT 3 is character-
ized by a relatively high proportion of Belgian inhabitants with similar 
income and unemployment levels to SNT 2 but lower education levels 
than SNT 2. SNT 4, primarily comprised of EU15 and Belgian residents, 
has the highest income and education levels and the lowest unemploy-
ment of all SNTs. When overlaid with the PNT, we find that SNTs 1 and 2 
largely make up the dense, less green city center (PNTs 1 and 2), while 
SNTs 3 and 4 are located in the less dense, greener periphery (PNTs 3 
and 4). 

4.2. UGS choice and frequency of use 

4.2.1. Self-reported travel time to most frequently used UGS 
We first look at travel time to UGS in each of the SNTs. More than half 

of all respondents in SNTs 3 and 4 reach their most frequently used UGS 
in less than 10 min, while respondents in SNTs 1 and 2 travel the longest 
to reach their selected UGS. Only 28 % of respondents in SNT 1 reach 
their selected UGS in less than 10 min. Respondents in SNT 1 are also 
more likely than respondents in other SNTs to travel more than 20 min 
to their selected UGS (Fig. 3). 

4.2.2. Differences in choice behavior and frequency of use in relation to use 
pattern and neighborhood 

Next, we looked at frequency of use and UGS choice as they relate to 
use pattern and neighborhood. Nature-oriented users in SNT 1 use UGS 
significantly less frequently than nature-oriented users in any of the 
other SNTs, while those in SNT 4 use their UGS of choice with the 
greatest frequency. Among social users, respondents in SNT 1 also use 
their most visited UGS least frequently, however, differences in fre-
quency of use between SNT 1 and other SNTs are less outspoken than for 
nature-based use. Visiting frequency for social users is the highest for 
SNT 3 (Fig. 4). 

The majority of respondents visit a UGS nearby their place of resi-
dence. In all SNTs, nature-oriented users are more likely than social 
users to travel beyond a nearby UGS. This is most pronounced in SNT 1, 
where 45 % of nature-oriented users travel beyond their nearest UGS, 
compared to 27 % of social users in SNT 1. The fraction of nature-based 
users visiting a UGS nearby is significantly smaller in SNT 1 than in SNT 
4, where residents have good access to high-quality green spaces. 
Additionally, social users in SNT 4 use a nearby UGS significantly more 
often than respondents in the other three SNTs (Fig. 5). 

In Fig. 6, we show the frequency of use by respondents in each of the 
SNTs who visit a UGS nearby their place of residence versus a UGS 
substantially farther away. We find that respondents who visit a nearby 
UGS and live in SNT 1 use their UGS significantly less frequently in 
comparison to respondents in the other SNTs. For respondents who visit 
a UGS substantially farther than their nearest, we again see lower fre-
quency of use in SNT 1 compared to SNTs 2 and 3. Respondents in SNT 4 
visit UGS farther away less often than respondents in SNT 3 as well, but 
at about the same frequency as respondents in SNT 2. In general, re-
spondents who visit a UGS farther away tend to use UGS less frequently 
than respondents who visit a nearby UGS. 

4.3. UGS satisfaction 

Next, we explored respondents’ satisfaction with the UGS they most 
often visit. In Figs. 7 and 8 numbers above the bars summarize the 
percent of respondents who were very dissatisfied/dissatisfied (red) and 
very satisfied/satisfied (green). The percent neutral is indicated in grey. 
We find that, compared to nature-oriented users, social users are less 

Table 2 
Regrouping of satisfaction scores into a seven-point scale.  

Satisfaction score Likert class 

− 9 to − 7 Very dissatisfied 
− 6 to − 4 Dissatisfied 
− 3 to − 1 Somewhat dissatisfied 
0 Neutral 
1–3 Somewhat satisfied 
4–6 Satisfied 
7–9 Very satisfied  

Table 3 
Negative and positive UGS characteristics included in the push-pull 
analysis.  

Push factor Pull factor 

Noisy Quiet 
Dirty Clean 
Too busy Not too busy 
Unsafe Safe 
Missing facilities Sufficient facilities 
Insufficient shade Sufficient shade 
Missing water features Water features present 
Does not feel natural Feels natural 
No lawns Lawns present 
No paved paths Paved paths present  
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often satisfied with their selected UGS. This is most evident in SNT 2 and 
SNT 3. For nature-oriented users, dissatisfaction is slightly greater 
among respondents in SNT 1 and the lowest among those in SNT 4. 
Among social users, dissatisfaction is also lowest in SNT 4, followed by 
SNT 1, and greatest in SNT 2 and SNT 3 (Fig. 7). Satisfaction of re-
spondents who visit a nearby UGS is lowest in SNT 2, followed by SNTs 
1, 3, and 4 respectively. For users of a UGS farther away, satisfaction is 
similar in all SNTs (Fig. 8). 

4.4. Push-pull factors and user experience for individual UGS 

Fig. 9 shows for each UGS the percentage of respondents living 
nearby that mostly make use of this space compared to those that more 
frequently use a UGS farther away. The size of the pie chart indicates 
how many of the respondents live nearest to each of the UGS. We see 
that percentages clearly differ from one UGS to the other. To determine 
why this may be, we explored the push-pull factors that encourage or 

dissuade the use of particular UGS. 
We therefore looked at the experience of different UGS characteris-

tics for nine UGS. Fig. 10 shows, per UGS, the percentage of respondents 
who identify a given characteristic as contributing negatively (left of 
axis) or positively (right of axis) to their experience of the space. 
Naturalness is an important pull factor, but it is also a significant push 
factor in certain green spaces, namely Parc Royal-Bruxelles and Parc du 
Cinquantenaire, both of which are located in the city center. Clear push 
factors include dirtiness and busyness. Water appears as both a pull 
factor when it is present in a UGS and a push factor when it is lacking. 
The presence of shade is clearly a pull factor for all parks. Lawns are 
positively experienced in all parks where they are present. Paved paths 
do not often appear as either a pull or push factor. Although safety is 
more often mentioned as a pull factor, it does not seem to be a charac-
teristic that strongly contributes to the experience of users. 

Fig. 11 shows the satisfaction score for the different characteristics 
for each of the UGS. Green indicates that, among all users, the charac-
teristic tends to contribute more often to a positive experience of the 
UGS, while red indicates that the characteristic more often contributes 
to a negative experience. The size of the circle corresponds to the degree 
to which the characteristic contributes to a negative or positive expe-
rience. An overview of the satisfaction scores for each UGS can be found 
in Appendix C. 1. In general, UGS in the eastern and south-eastern pe-
riphery tend to score better than UGS closer to the city center. Charac-
teristics important to nature-oriented users (quietness, calmness, and 
naturalness) tend to be more negative or have a weaker positive influ-
ence closer to the center. On the other hand, the presence of facilities, 
important for social users, is positively experienced in UGS closer to the 
city center and negatively in parks in the urban periphery. 

5. Discussion 

Our research has explored the relationships between use pattern, 
UGS frequency of use, and choice behavior, and how choice and use 

Fig. 2. Social typology based on nationality, education, income level, and unemployment. The typology is displayed at the street block level.  

Fig. 3. Self-reported time taken for respondents in each SNT to reach their 
selected UGS. 
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pattern are related to UGS satisfaction. We have examined how these 
relationships differ in neighborhoods with distinct socio-demographic 
characteristics. Additionally, we identified the push-pull factors for a 
set of large UGS located in or near the city center and in the periphery of 
the BCR. Below we describe the main findings of this research along with 
their implications for urban planning. 

5.1. UGS frequency of use, choice, and satisfaction are strongly 
associated with use pattern 

We have shown that UGS frequency of use and choice are related to 
accessibility, but are also associated with the individual’s motivation for 
use of the UGS. In our study, nature-oriented users seem to be willing to 
travel substantially farther to reach a UGS that matches their needs. This 
is in contrast to social users who mostly seem to choose a nearby UGS. 
Yet we also notice that nature-oriented users in SNT 1, close to the city 

Fig. 4. Frequency of use by nature-oriented and social UGS users in each of the SNTs. Among nature-oriented users, the difference in frequency of use between SNTs 
1 and the other three SNTs are statistically significant (Appendix B. 1). For social users, the difference between SNTs 1 and 3 and 2 and 3 are significant (Appendix 
B. 2). 

Fig. 5. Frequency of use by users who visit a UGS nearby their place of residence and users who travel substantially beyond the nearest UGS, divided into each of the 
SNTs. For respondents who visit a nearby UGS, the difference between SNT 1 and the other three SNTs is significant (Appendix B 5). Among respondents who visit a 
UGS substantially farther away, the difference between SNTs 1 and 3, 2 and 3, and 3 and 4 are significant (Appendix B 6). 

Fig. 6. UGS choice of nature-oriented and social users in each of the SNTs. Nature-oriented respondents in SNT 1 most often visit a UGS that is substantially farther 
away. This difference is significant between SNTs 1 and 4 (Appendix B. 3). Among social users, the differences between SNT 4 and all other SNTs are significant 
(Appendix B. 4). 
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center, use UGS less frequently than nature-oriented and social users in 
any of the other SNTs. In other words, having to travel farther to reach a 
UGS that matches one’s needs seems to have a negative impact on UGS 
use. This confirms research findings that UGS use is explained in part by 
the interaction between the provision of UGS and user attitudes (Lin 
et al., 2014; Schindler et al., 2018) and suggests that offering UGS 
nearby that serve particular user needs may have a positive impact on 
UGS use. While our results show that, in contrast with nature-oriented 
users, social users mostly seem to choose a nearby UGS, regardless of 
their place of residence, this does not necessarily imply that social users 
are more satisfied with UGS nearby. That is why, in addition to UGS 
choice, we also looked into UGS satisfaction in different parts of the city, 
and for different types of users. 

While Krajter Ostoić et al. (2017) found in their study on Southeast 
European cities that, in general, people were not satisfied with the state 
of the UGS they use, we find that respondents are more often satisfied 
with their selected UGS than not. Yet, similar to frequency of use and 
UGS choice, we find that satisfaction varies by use pattern. Compared to 
social users, nature-oriented users are more often satisfied with the UGS 
they visit and are also willing to travel farther to reach their UGS. These 
findings may nuance research showing that people are willing to travel 
farther to UGS of higher perceived quality (e.g. Schindler et al., 2022) by 
indicating that this is particularly true for nature-oriented users and less 
for social users. On the other hand, the association between use pattern 
and satisfaction could be linked to mobility limitations that hinder users’ 
opportunities to travel to UGS farther away. For instance, social users 

include those who use UGS to bring a child to play, while transporting a 
child serves as a limit to mobility (Schipperijn et al., 2010; Wright 
Wendel et al., 2012). The inability to travel farther may mean that social 
users are limited in their choice of UGS and therefore more often visit 
UGS with which they are less satisfied. Considering that our survey 
sample is biased toward relatively privileged populations, those in more 
vulnerable positions may face additional limitations that deter move-
ment to desirable UGS. Further research is needed to understand the use 
patterns and experience of UGS by vulnerable populations in different 
neighborhoods. 

It is clear that UGS choice is not simply a question of the availability 
of or accessibility to UGS, but is linked to the needs of individuals, the 
qualities of the UGS, and the opportunities they provide (Schindler et al., 
2022), as well as the users’ ability to make use of these spaces. Decisions 
on the planning of UGS should take into account that, should a UGS not 
fulfill the needs of users, they will either utilize UGS farther away or 
otherwise will visit nearby UGS but remain dissatisfied, that this deci-
sion will be affected by motivational factors as well as by constraints on 
mobility, and that it may likely have an impact on frequency of use. 
Continuous inclusion of inhabitants in the design and management of 
UGS, together with periodic surveying of the experience of UGS by lo-
cals, can help to ensure that the supply of UGS better meets the changing 
needs of users. 

Fig. 7. Satisfaction of users by SNT, divided into respondents who visit a nearby UGS or a UGS substantially farther away. Differences in satisfaction between 
respondents who use a nearby UGS in SNTs 2 and 3 and 2 and 4 are statistically significant (Appendix B9). For social users, none of the differences between SNTs are 
statistically significant (Appendix B. 10). 

Fig. 8. UGS satisfaction of nature-oriented and social users in each of the SNTs. None of the differences in satisfaction of nature-oriented users between the SNTs are 
significant (Appendix B 7). For social users, the differences between SNTs 1 and 2 and SNTs 2 and 4 are statistically significant (Appendix B8). 
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5.2. Identifying push-pull patterns can uncover spatial inequalities in 
access to UGS and provide guidance to urban planners 

The push-pull analysis proposed in this paper can help to identify 
which characteristics are missing from particular UGS and which are 
highly valued in others. Similar to existing research on important 
characteristics of UGS, we find that naturalness is an important pull 
factor in all UGS (Wan and Shen, 2015; Bertram and Rehdanz, 2015; Ode 
Sang et al., 2016). Other characteristics, such as noisiness, cleanness, 
busyness, and a lack of facilities, stand out as push factors across several 
of our case study UGS. As these characteristics have been identified in 
previous research as being particularly of value to UGS visitors (Van 
Herzele and Wiedemann, 2003; Giles-Corti et al., 2005; Fongar et al., 
2019; Rall et al., 2019; Misiune et al., 2020), negative perception or 
absence of these important characteristics may therefore stand out. We 
find that in UGS where water features are present (e.g. Parc Josaphat, 
Bois de la Cambre, Parc Roi Baudouin), they are strongly appreciated 
and where they are not present (e.g. Parc du Cinquantenaire, Parc de 

Forest, and Parc Duden), they are missed. This aligns with previous 
research findings, which show that water features in UGS are highly 
appreciated by users (Nordh and Østby, 2013; Ives et al., 2017; Donahue 
et al., 2018; Rall et al., 2019). 

Push-pull analysis may also provide an indication of characteristics 
that are considered less important in UGS. In this case, we see that paved 
paths are infrequently identified as contributing either positively or 
negatively to UGS. We may therefore conclude that the presence or lack 
of paved paths does not strongly contribute to the experience of UGS. 
Although safety is often mentioned as an important determinant for UGS 
use (Van Herzele and Wiedemann, 2003; Giles-Corti et al., 2005; Mis-
iune et al., 2020), it stood out less as a distinct push or pull factor in our 
research. This may suggest that safety is not a universal concern for UGS 
users but may depend on the general threat of crime in a city (Wan and 
Shen, 2015). Additionally, it is of note that for the same UGS, a char-
acteristic may be identified as both a push and pull factor (e.g. noisiness 
in Bois de la Cambre; naturalness in Parc Royal-Bruxelles and Parc du 
Cinquantenaire). This could relate to user profile (nature-oriented or 

Fig. 9. In this map, we visualize the UGS choice of respondents based on the UGS they live nearest to. The pie graphs show, per UGS, what percentage of those living 
nearby use the UGS compared to the percentage that chooses instead to visit a UGS farther away. The size of the circle indicates the number of survey respondents 
who live nearest to the UGS. 
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Fig. 10. Percentage of respondents in each UGS who identify a certain characteristic as contributing positively or negatively to their experience of the UGS.  
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Fig. 11. Satisfaction score per characteristic in each of the case study UGS. Red indicates a negative satisfaction score and green a positive score. The size of the circle 
gives an indication of the strength of the satisfaction score.(For interpretation of the references to colour in this figure legend, the reader is referred to the web version 
of this article.) 
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social) or other characteristics and expectations of the users themselves. 
Further research may explore why the same characteristic may be both 
positively and negatively experienced in the same UGS. 

In identifying negative characteristics and comparing these to the 
demands of certain users, push-pull analysis helps us understand not 
only where certain UGS characteristics are lacking but also for whom. 
For instance, characteristics that were previously identified as being 
important for nature-oriented users, like quietness, calmness, and 
naturalness (Phillips et al., 2021), tend to be perceived more negatively 
in UGS closer to the city center. This may explain why nature-oriented 
users living in the city center more often travel beyond the nearest 
UGS and is likely a result of the tendency of overcrowding in city center 
UGS (Lo and Jim, 2010; Rall et al., 2019). On the other hand, the strong 
pull of naturalness of peripheral UGS may attract nature-oriented users 
to UGS further from their place of residence (Shanahan et al., 2015). The 
findings of this research, indicating that UGS in the city center are 
lacking in terms of quality and quantity, are in line with previous case 
studies (Sanesi and Chiarello, 2006; Kabisch et al., 2016; Wen et al., 
2020). Even in cities where UGS provision is higher in the city center 
(Zhang et al., 2020), unequal UGS distribution is often prevalent. In-
equalities of use and experience of UGS, as observed in the BCR, are 
therefore also likely to be found in other urban contexts. 

By addressing the strongest push factors of UGS, planners and park 
managers may improve the overall experience of UGS, thereby resulting 
in more frequent use. This may maximize the benefits provided to people 
by UGS and heighten environmental stewardship and advocacy (Mis-
iune et al., 2020). Additionally, it may provide insight into not only 
where push factors should be addressed but how. For example, planners 
may look to the commonalities between UGS with high-scoring pull 
factors to inform changes in UGS for which the same characteristic is a 
strong push factor. Further, a push-pull analysis that includes specific 
types of greenery (e.g. tree species, shrubs, flowers), paths (e.g. paved, 
natural), water features (e.g. fountains, lakes, ponds), etc. could provide 
planners with a more detailed understanding of where and how to 
improve UGS. Finally, planners should prioritize interventions in UGS 
located in low socio-economic areas where push factors are more often 
or strongly expressed. This will help to reduce inequalities in access to 
high-quality UGS. 

5.3. Poorest access to high-quality green in neighborhoods that need it 
most 

If we confront the social and physical typologies for the BCR (Figs. 1 
and 2), we see that respondents living in the most impoverished part of 
the region (SNT 1) have the worst access to green. Similar to previous 
studies, residents living in less affluent areas less often benefit from 
access to UGS that meet their needs compared to residents of wealthier 
neighborhoods (Wolch, Wilson and Fehrenbach, 2005; Ferguson et al., 
2018). 

Our findings in the BCR align with much of the literature on envi-
ronmental justice and UGS access and provision (Dai, 2011; You, 2016; 
Hoffimann et al., 2017; Wüstemann et al., 2017; Ferguson et al., 2018). 
In the case of the BCR, there is a clear need to bring more high-quality 
green to the area within SNT 1 to ensure that the most vulnerable 
benefit from UGS. In other urban contexts, such as Rome (Lelo et al., 
2019) and Stockholm (Rokem and Vaughan, 2019), the city center is 
inhabited by wealthy populations. Spatial dynamics of UGS use and 
experience will likely differ in these contexts. 

While in many cities it is important to increase city center green, it is 
unlikely that the introduction of small, isolated UGS will replace the 
function of larger UGS, mostly present in the periphery. As discussed in 
the push-pull analysis and supporting previous research in other urban 
areas, we find that peripheral UGS play a unique role to residents from 
around the region, likely because they are often larger and more 
attractive than city center green (Zhang et al., 2021). With this in mind, 
it will be necessary to identify ways to reinforce green networks in the 

city connecting larger and smaller green spaces and creating a sense of 
being in nature within the city. 

5.4. Limitations and future research 

This research is not without its limitations. Limiting respondents to 
indicate only their most frequently used UGS does not represent reality, 
as many respondents probably use more than one large UGS regularly. 
Similarly, the threshold of 6 ha for large UGS may exclude slightly 
smaller UGS that provide similar benefits to large UGS. Additionally, in 
our push-pull analysis, we did not ask respondents about the UGS they 
do not use and why they do not use them. We could therefore only assess 
the push factors of UGS based on the negative characteristics identified 
by those who utilize these spaces. Future research may incorporate 
perspectives of non-users of specific UGS. Our findings point to a lower 
quality of city center UGS but could also indicate that neighborhood 
characteristics (e.g. densely built surroundings versus green, less dense 
surroundings) influence the experience of and satisfaction with UGS, as 
was the case in research conducted by Kothencz and Blaschke (2017). 
Further research is needed to determine the influence of UGS sur-
roundings on the experience of the space itself. 

Finally, despite attempts at wide dissemination, our survey responses 
are not representative of the BCR population. This is often the case with 
PPGIS tools, which tend to bias data with majority perspectives, thereby 
potentially reinforcing existing power imbalances (Brown and Kyttä, 
2014). Due to the limitations of PPGIS surveys, these should be used to 
complement other participation tools to ensure a comprehensive strat-
egy by planners (Rall et al., 2019). Future research should seek to 
improve the representativeness of this survey. Additionally, qualitative 
methods are needed to determine what types of green infrastructure and 
design elements would improve the experience of social and 
nature-oriented UGS users in the city center. 

6. Conclusion 

In this paper, we have explored UGS frequency of use, choice, and 
satisfaction in different neighborhoods within the BCR. We find that 
people’s choice and satisfaction of UGS is strongly associated with use 
pattern. Our analysis also shows that characteristics of UGS located in 
the central areas of the city are more often negatively perceived. This is 
particularly true for characteristics important to nature-oriented users. 
Finally, we find that areas with higher proportions of disadvantaged 
groups, tend to be the most lacking in UGS that meet user demand. 

Our findings fit into an often-reported narrative: experiences and 
distribution of UGS are unequal and inequalities disproportionally affect 
those with a greater need for public UGS. In surveying UGS frequency of 
use, choice, and satisfaction as they vary by use pattern and per neigh-
borhood, we can further build upon this picture to better address 
inequality in green provision. Additionally, the push-pull analysis pro-
posed in this study provides a framework for mitigating the factors that 
discourage people from using nearby UGS, but can also contribute to our 
understanding of spatial variations in UGS use and experience, partic-
ularly among different user groups. The push-pull analysis, together 
with the framework proposed for deriving satisfaction scores for indi-
vidual UGS characteristics, can be a useful tool to identify where in the 
city UGS characteristics do not meet demands and for whom. 
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