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Abstract

:

Cities are becoming more vulnerable to climate change and need appropriate adaptation measures. Previous studies demonstrated that urban green spaces provide multiple ecosystem services, improving the health and well-being of urban residents. Yet different urban green spaces provide different services—provisioning, regulating, cultural, or supporting ones. This work aims first to understand if urban green space users perceive the different supplies of provisioning and regulating services offered by different types of urban green spaces. Second, this work seeks to determine if green roof type conditions, as well as vegetation type and access, affect the users’ perceptions of the cultural ecosystem services. This work presents the results of an image-based online survey performed among 376 Portuguese undergraduate students between March and April 2021. The survey is based on nine alternative urban space designs, varying the roof access type and vegetation types. The results show a general preference for urban green spaces with more vegetation, regardless of the type of roof, and a general preference for green spaces with better accessibility. In addition, users’ preference for no-roof conditions appears to be linked to the abundance of vegetation and quality of urban design and not to awareness of an existing roof structure and its influence on the natural processes.
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1. Introduction


Cities are major contributors to pollution, consumption, waste, and habitat loss, accelerating the loss of biodiversity around the world [1]. Dense urban areas usually have high overall soil sealing and lack of urban greening. In addition, biodiversity losses and soil sealing affect other ecosystem services as well as the quality of life of urban citizens, causing increased air temperatures and reduced water infiltration. Thus, cities are becoming more vulnerable to climate change and need appropriate adaptation measures. The Sustainable Development Goal 11 aims for cities and communities to become more sustainable, valuing the promotion of universal access to safe, inclusive, and accessible green and public spaces [2].



Previous research has explored strategies to link green spaces to promote biodiversity and ecosystem services [3]. As there are multiple classifications of ecosystem services, TEEB (2010) condenses them into four categories: provisioning, regulating, cultural, and supporting services.



Green spaces promote urban ecosystem services [4], namely to support biodiversity [5], ecological processes [6], or food production, e.g., urban farming [7]. At the same time, they help with climate adaptation [8] through their capacities to regulate urban temperature, improve air quality, reduce stormwater run-off, and mitigate other environmental risks [9].



Additionally, urban green spaces provide cultural ecosystem services [10], giving the opportunity to interact with nature while contributing to social cohesion and providing social, mental, and physical health [11,12] and well-being [13]. They help alleviate negative emotions and improve the users’ moods [14]. In addition, they offer greater restorative potential [10,12,13] compared to urban built spaces [15].



Different aspects contribute to cultural ecosystem provision. The qualitative features of urban green spaces have an impact on the promotion of users’ psychological well-being [16,17] and psychological stress recovery [18,19]. In fact, even small urban parks have restorative potential. Their components (e.g., benches), amount and types of vegetation [20], and presence of other people influence people’s preferences [21]. In addition, their access and use are also relevant. The active use of urban green spaces [22] influences citizens health and well-being more than their passive use [23]. The latest literature is acknowledging the importance of public [24] and private (e.g., green roofs) [25] urban green spaces for citizens health and well-being, namely after the restrictions on social interaction imposed during the COVID-19 pandemic [25].



Several studies present evidence on the potential ecosystem services provided by urban green spaces at the city level. For example, [26] created a methodology to quantify and map the ecosystem services of urban green spaces (e.g., lawn, short shrub, tall shrub, tree, and woodland) and applied it to the city of Rotterdam. [27] applied this ecosystem services quantification method by selecting alternative planting regimes to identify the residents’ ecosystem services priorities, showing a significant preference for supporting services. In summary, the ecosystem services assessment methods involve bio-physical models, geographical information systems (GIS), and valuation studies. Although few studies focus on the evaluation of multiple ecosystem services [28], a review on urban ecosystem services assessment demonstrates that almost 50% are regulating services, 20% are supporting services, 15% are cultural services, and 11% are provisioning services.



Users’ perception [29], preferences [30], and perceived benefits [31] are also analysed by different authors [32] among different urban green spaces. Few studies assess site specific trade-offs in the provision of ecosystem services in urban green spaces [33]. Research gaps were identified in the importance of understanding the stakeholders’ perceptions of the different ecosystem services provided by urban green spaces. In fact, this evaluation can be an important strategy to better design urban green spaces and identify potential directions for policy making.



Following [34], urban green spaces can be classified into 44 different categories, including different sizes and functions (e.g., street trees, street green, gardens, pocket parks, playgrounds, green roofs and green walls, large urban parks, community gardens, forests, and other natural areas). They include private and public urban land covered by vegetation of any kind. Recently, a review was developed to identify the functional linkages between urban green space types, ecosystem services, and human wellbeing [35]. In this study, urban green spaces are subdivided according to their level of naturalness, distinguishing natural green (less disturbed ecosystems), gardens, house green (walls and roofs), transportation green, and designed green (e.g., parks, ornamental green), showing that many studies focus on prominent green roofs and walls, as well as on the functional aspects of green roofs when greening different types of buildings (e.g., residential, administrative, or commercial). In fact, the United Nations recalls that urban citizens’ access to open public spaces is often limited, with 47% of the world’s population living within 400 m of an open public space. Thus, the integration of green roofs and green walls in buildings that allow the greening of grey spaces is crucial to increasing the green spaces of cities.



In summary, different urban green spaces provide different ecosystem services, depending significantly on their composition and configuration. Green roofs are urban green spaces built over a roof, on top of a building slab, and separate from the ground. Even though no specific research studies were identified on the differences between green roofs and other urban green spaces that are built directly in contact with the soil (e.g., gardens and parks), considering their ecosystem services delivery and provisioning. It is expected that characteristics of green roofs, such as substrate depth and vegetation types, influence the ecosystem services provided [36,37]. For example, extensive green roofs are limited in their substrate thickness, limiting their biodiversity provisioning and justifying their use for aesthetic enhancement. Intensive green roofs have a higher substrate thickness, allowing the installation of small trees and shrubs. Therefore, intensive green roofs have a higher potential to be used for recreational purposes while also contributing more to biodiversity and water retention. However, how are these differences in the provisioning of ecosystem services in urban green spaces perceived by their users? To better design green roofs and maximise their ecosystem services, it is important to understand the users’ perceptions of different ecosystem services, and which ones are more relevant to them.



The main research goals of this work are based on the differences of green spaces according to their type (elevated green roof, ground level green roof, and ground green space with no-roof), considering: (1) the identification of the perception of different ecosystem services—provision, regulation, and cultural; and (2) a more in-depth understanding of the perception of cultural ecosystem services, such as their restorative effects and recreational activities. Thus, the two questions we want to answer are whether there is a perception of the real limitations in the supply of provisioning and regulating services by different types of green roofs and whether the roof type affects the perception of cultural ecosystem services.




2. Materials and Methods


This study is supported by an image-based online survey performed among Portuguese undergraduate students. The online survey was performed using visual methodologies of photo elicitation as visual stimuli [38], evoking emotions and feelings, and encouraging reflection [39]. It presents different urban scenarios for the same location using digital imaging simulations.



A web survey was preferred to an on-site survey due to the current restrictions on social distancing. The advantage of using digital imaging simulation over photography is that it creates similar visual characteristics in all presented scenarios. Photographs would only allow for the capture of a specific moment without removing certain visual distinctions that may affect the respondent’s opinion. Additionally, the proposed simulations do not recreate a space already known, in order to exclude a sense of place that could be obtained by some respondents. Therefore, all answers were based on the visual characteristics of each simulated space. For this framework, the methodology presented by [40] using digital manipulation was developed to cope with the underlying fuzzy nature of landscapes in user preference studies. Previous research has also used digital simulations of urban green spaces to identify users’ preferences, applying different visual characteristics to the same locations, varying, for example, on the vegetation type (lawn, shrubs, and trees) and density [41,42,43]. For this purpose, simulations were created using the same focal point as high-rise residential buildings with typical identical architectural features containing a central courtyard. Additionally, simulations with a blue sky and no clouds are usually preferred by their users. In addition, green spaces suggest a summer atmosphere. The gardens designs include the same landscape patterns and composition, with fully grown vegetation and regular maintenance. Pedestrian use is identified by the integration of urban furniture and people walking.



Instead of using a representative sample, this study used a controlled sample based on students to avoid bias in sampling. A representative sample of society is often difficult to obtain and can be misleading, creating variables that are not easily identifiable. Students are frequently used in psychology studies as they are, on average, more homogeneous than non-student participants, excluding the effect of distinct preferences associated with age group and having no associated economic income. Additionally, students are considered to have a large demand for cultural goods and services [44]. Urban green spaces can provide different services to students, including areas to relax, carry out sports, or serve as a place for social gathering and interaction. Recent studies have been evaluating the students’ preferences and their perceived restoration of campus green spaces [23,42,43,45,46]. Therefore, addressing the preferences of an active and young population regarding the access, use, and vegetation characteristics of urban green spaces can help decision-makers in the planning process for urban spaces.



2.1. Survey Structure


The survey was based on previous research [12,41]. The participants were asked to state their level of agreement with a set of statements for each of the 3 simulations from a set of 9 simulations (Table 1).



The survey was divided into four sections (Figure 1). The participants were asked to focus on the characteristics of each simulation before answering.



Section I analyses the perception of ecosystem services provided by urban spaces, building on the literature on ecosystem service perception (i.e., [47,48]), including cultural services (contact with nature, education by nature, recreational activities, social interaction, aesthetic enhancement), regulating services (air pollution, local temperature regulation, and rainwater infiltration), and supporting services (biodiversity). To determine the perception of the ecosystem services provided in a site-specific context, different urban spaces are presented for the same area, and the users’ preferences are identified. All questions in Section I used a 5-point Likert scale, where each benefit is rated according to its importance to each space, with 1 being ‘not important’ and 5 being ‘very important’.



Section II analyses which are the main preferred activities for users to perform in the proposed UGS. The respondents are asked to focus on the image and imagine that they would be living in that area. After, they are requested to classify to what extent they would do certain leisure activities in that location, such as walking, meeting friends/family, doing physical exercise, reading, contemplating the landscape, sunbathing, walking the dog, or having picnics. All questions in Section II used a 5-point Likert scale referring to what activities would probably develop in each space, with 1 being ‘not probably’ and 5 being ‘very probably’.



Section III is based on [12]. This section identifies two aspects: the perception of restorativeness and the restorative outcome. First, the respondents are asked to imagine they are in that location and classify their perception of restorativeness according to the Perceived Restorativeness Scale (PRS). The PRS based on [49] includes 5 items, measuring: being away, fascination, coherence, compatibility, and scope (e.g., “This is a fascinating place that keeps my curiosity alive and stops me from getting bored”). The response scale ranges from 0, which means “Not at all” to 5, which means “Totally” the original scale obtained a Cronbach’s α of = 0.79. The restorative outcome is measured by the Restoration Outcome scale (ROS) as referred to in [12,50,51]. The ROS includes an eight item scale measuring the main aspects of a restorative experience: relaxation and calmness, attention restoration, clearing one’s thoughts, and reflection. In the [12], the scale has an α = 0.93.



Section IV includes the characterization of the sample, including sociodemographic characteristics (gender, age, current studies, year of frequency, location of residence, and classification as an urban/rural person) and urban green space frequency of use.




2.2. Methods


This survey was based on 9 alternative urban space designs (Figure 2), varying according to two main variables: the roof access types and the vegetation types. The vegetation types were divided into: no vegetation (simulations 1, 2, and 3); shrubs (simulations A, B, and C), including simultaneously grasses and shrubs; trees (simulations I, II, and III), including simultaneously grasses, shrubs, and trees. The types of roof access were divided into: elevated roof; street-level roof; and no-roof.



These two variables influence the resulting urban spaces, which can be an urban square (with no-vegetation) or a pocket garden (including several types of vegetation). The pocket garden could be in direct contact with the ground (no-roof) or could be a green roof (at ground level or elevated from street level). The vegetation types applied in each urban green space vary depending on the existence or inexistence of a built underground area (car park) below the public space. Therefore, the presence of larger trees can only be observed in the urban green space with no roof, which would not include a roof slab under the green area and would therefore be in contact with the ground (simulation Trees III in Figure 2). The visual access from the main road to the urban green area also varies, depending on two aspects: the existence of a roof or not, and its level, whether street-level or elevated, towards the main road.



The presence of an entrance to an underground car park was used to draw attention to the existence of a roof structure underneath the urban green area, creating the distinction between no-roof conditions and green roofs.



Two hypotheses were applied in this study considering the use of different urban simulations, as shown in Figure 2, and were applied to two levels of detail: ecosystem services in general and specifically cultural ecosystem services delivered.



Hypothesis 1 (H1). 

Considering the type of roof (elevated roof, street-level roof, and no-roof), there are no differences in the perception of provisioning, regulation, and cultural ecosystem services (ES).





Hypothesis 2 (H2). 

Considering the vegetation type (no vegetation, shrubs, and trees), there are significant differences in the perception of provisioning, regulation, and cultural ecosystem services (ES).





The survey included 30 questions and requested the participants rate each simulation in four different aspects: the perception of ecosystem services (Section I), the preferred activities (Section II), the perception of restorativeness (Section III), and the restorative outcomes (Section IV). Considering the number of questions, it would be very difficult for each participant to rate all 9 simulations. Therefore, the task was divided into nine application conditions, where each respondent rated only three simulations selected from Figure 2. Nine iterations of the same survey were created using three different urban simulations each (Table 1). Each iteration of the survey included three simulations with different vegetation types (i.e., A1I, B2II, C3III, IIIB1, IC2, IIA3, 1IIC, 2IIIA, and 3IB). The distribution of subjects over the conditions was randomised (see Table 1). To control possible order effects, the simulations were presented randomly in the nine conditions. An equivalent number of answers was obtained in each version of the survey, for a total of 1128 answers (Table 2). The survey was answered by 376 Portuguese undergraduate students from different universities in a classroom environment between March and April 2021. Statistical tests were performed using two-way analysis of variance (ANOVA) to evaluate each perceived ecosystem service and the activity preferences.





3. Results and Discussion


The results obtained in the survey are analysed and discussed in this section. The results are based on the data obtained in each section of the survey: Section I, analysis of the perception of cultural, provisioning, and supporting ecosystem services of each urban green space; Section II, identification of the preferred activities to be performed in each urban green space; Section III, analysis of the Perceived Restorativeness Scale (PRS) and Restoration Outcome Scale (ROS) obtained from the use of each urban green space; and Section IV, sociodemographic characteristics and urban green spaces frequency of use.



To simplify the naming of each simulation presented in Figure 2, these are further described in Figure 3, as follows: NoVeg 1, no vegetation on an elevated roof; NoVeg 2, no vegetation on a street-level roof; NoVeg 3, no vegetation and no roof underneath; Shrubs A, grasses and shrubs on an elevated roof; Shrubs B, grasses and shrubs on a street-level roof; Shrubs C, grasses and shrubs with no roof underneath; Trees I, grasses, shrubs, and trees with an elevated roof; Trees II, grasses, shrubs, and trees with a street-level roof; and Trees III, grasses, shrubs, and trees with no roof underneath.



As previously mentioned in the methodology section, the statistical analysis is based on two main variables: vegetation types (no vegetation, shrubs, and trees) and roof access types (elevated roof, street-level roof, and no roof).



3.1. Sample Characteristics


The sample characteristics were based on the results obtained in Section IV of the survey. The sample was composed of 62.5% females (N = 235), with an overall mean age of 21.21 years (SD = 4243). A total of 234 students (62.2%) described themselves as urban, and the remaining lived in rural areas. As for the frequency of use, 14 (3.7%) students mentioned visiting green spaces a few times a year; 43 (11.4%) a few times a month; 47 (12.5%) once a week; 168 (44.7%) a few days a week; and 104 (27.7%) every day.



The sample predominates among urban young students (around 21 years old) that visit urban green spaces on a regular basis.




3.2. Perception of Ecosystem Services


The perception of benefits from ecosystem services (cultural, regulatory, or provisioning) is based on the results obtained in Section I of the survey. This perception varies according to the vegetation type (no vegetation, shrubs, and trees), as shown in Figure 3.



The results shown in Figure 3 demonstrate an ill-understanding of the ecosystem services concept by dissociating services from the ecosystem. Meaning that there is an understanding that no vegetation (i.e., no ecosystem) is still providing ecosystem services. This is notably valid for cultural services, such as recreational activities and social encounters, but not for regulation or provisioning services.



There is an understanding that no vegetation (as in squares) can provide cultural services, such as recreational activities (physical use), social encounters, and an aesthetically pleasing environment, but not regulation or provisioning services.



Additionally, it should be noted that, in the presence of vegetation, generally lower importance is given to the delivery of regulating and provisioning services when compared with cultural services. This suggests a misunderstanding of the importance of vegetation in the basic biophysical processes and functions underlying the provision of the service. For instance, how vegetation contributes to climate regulation through shading or evapotranspiration or how it contributes to the regulation of the urban water cycle through retention or infiltration. It has to be noted that in this study we do not investigate the effects of biodiversity, single species, or functional traits that are considered relevant to the support provision of an ecosystem [52], but only the type of vegetation associated with to the level of biomass.
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Figure 3. Average value per simulation for each ecosystem service. 
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Nevertheless, the perception of benefits is favoured by the increased presence of vegetation. The situation with more biomass (Trees III) yields the highest value across all ESS, seemingly independent from the roof type. Across regulating and provisioning services, the delivery of services under roof conditions yields higher results than under non-roof conditions with less biomass. For cultural ESS, this relation is not that evident: no-roof conditions are perceived to benefit service provision (to be later explained, this might be related to an ill-understanding of the concept and/or to a perception of a lack of safety due to the presence of the entrance to the underground parking).



An ANOVA two-way analysis was performed followed by a Bonferroni post-hoc test in relation to each perceived ecosystem service, considering two variables (Vegetation and Roof Access) and the interaction of both variables (Veg* Roof access). Vegetation corresponds to the mean value of all types of vegetation, including no vegetation, shrubs, and trees. Roof access corresponds to the mean value of all types of roof access, including no roof, street-level roofs, and elevated roofs. As shown in Table 3, all variables were identified as significant with two exceptions only: social perception and aesthetic perception when both variables (Vegetation* Access) were combined.



Table 3 and Figure 4 show that the perceived pattern of results relating to vegetation type and roof access type is generally the same across all ESS.



Three main results can be observed: (a) having some vegetation (grasses and shrubs) has always been associated with a significant value increase over no vegetation, and the presence of trees has only a marginal increase in value; (b) in the situation of no vegetation on a roof, the type of access is not significantly relevant; and (c) no roof condition is always perceived to provide significantly more benefits, and in general, there is no significant difference between the street-level roof and the elevated roof, with the exception of water infiltration. In the case of the elevated roof, the perception of water infiltration is significantly closer to no roof conditions, which is not real due to the presence of the roof slab. This result emphasises the above-mentioned misunderstanding of the natural processes, both of which are missing to establish the link between imperviousness, rainwater infiltration, and the benefits arising from the increased ecological value of having more biomass (trees) when compared to smaller vegetation.



As previously referred to, the presence of an entrance to an underground car park was used to draw attention to the existence of a roof structure and its imperviousness. Based on the overall results, favouring the no-roof conditions may not be linked to the influence of a roof structure on natural processes, notably the water cycle and biomass development, but may be a mere preference for a situation where the parking entrance and the elevated wall are perceived as disturbing features.




3.3. Access Preference


To gain a better understanding of the access preferences obtained in this study, a second complementary qualitative study was conducted. Images A, B, and C from Figure 2 were shown to a sample of 18 students to capture preferences as well as the reasons for those preferences. The process was repeated for images I, II, and III. In the first set, results show a higher preference (67%) for image C. This preference was justified by the absence of the underground car park entrance, which promoted feelings of insecurity and noisiness. Image A was the least preferred due to the presence of a wall, which conditioned accessibility, as well as the previously mentioned insecurity and noisiness caused by the car entrance. In the second set of images (I, II, and III), image III yielded 78% of preferences by pointing out the presence of the big tree as a strong natural feature, promoting an enhanced contact with nature and shading.




3.4. Cultural Ecosystem Services


3.4.1. Activities


The analysis of the preferred activities is based on the results obtained in Section II of the survey. As shown in Figure 5 higher preference was given to walking, walking the dog, and meeting with friends and family, demonstrating the importance of green spaces in the promotion of social interaction and well-being in daily activities. Higher means were also obtained with increased vegetation, showing a higher interest in performing all activities in the presence of more vegetation.



A two-way ANOVA was performed followed by a Bonferroni post-hoc test to evaluate the activity preferences considering two variables (Vegetation and Roof Access) and the interaction of both variables (Veg* Roof access). As shown in Table 4, most variables are statistically significant, with exceptions only in walking, exercising, catching the sun, and walking the dog when both variables (Veg* Roof Access) are combined.



Table 4 and Figure 6 show that the perception pattern of results relating to vegetation type and roof access type vary depending on the activity.



The results indicate that: (a) the presence of vegetation has always had a significant value increase over no vegetation across all activities; (b) in situations with no vegetation, the type of roof is not relevant; and (c) under no-roof conditions, it is perceived to be more appealing to develop outdoor activities, especially in urban green areas, with an increased interest in the presence of more biomass. Exceptions were identified for walking, meeting with friends, and walking the dog, in which the street-level roof proved to be more appealing than the elevated roof, which might be related to the sense of security mentioned beforehand and the ease of level access (e.g., stairs). Occasionally, the elevated roof is more appealing than the ground-level roof when including more vegetation, especially for exercising, reading, catching the sun, and having picnics. This may result from the lack of physical and visual contact with the main road and the car park entrance.




3.4.2. Perceived Restorativeness and Restoration Outcome


The Perceived Restorativeness Scale (PRS) and Restoration Outcome Scale (ROS) are based on the results obtained in Section III of the survey. Table 5 and Figure 7 show the mean values of perceived restorativeness and restoration outcomes. These results demonstrate an increased perception of the restorative potential of urban green spaces compared to urban settings with no vegetation, with increased results in the presence of larger vegetation (Trees III). Higher perception of PRS and ROS is also identified in the no-roof condition with grasses and shrubs (e.g., Shrubs C) compared to the street-level and elevated roofs. These results relate to the general preference for urban green spaces with increased vegetation and to the restoration process resulting from its presence.



A two-way ANOVA was performed followed by a Bonferroni post-hoc test in relation to the perceived restorativeness and restoration outcomes, considering two variables (Vegetation and Roof Access) and the interaction of both variables (Vegetation* Roof Access). The results demonstrate statistically significant effects with high dimensions for PRS (Table 6) and ROS (Table 7).



As shown in Figure 8, the pattern of results relating vegetation type and roof access type is generically similar both in PRS and ROS.



From these analyses, three main results can be observed: (a) the presence of vegetation has always had a significant restorative potential over the absence of vegetation, and the presence of trees has only a marginal restorative increase; (b) in the situation of no vegetation, the type of roof access is not significantly relevant in the restoration process; and (c) no-roof conditions are always perceived as having a higher restoration potential, with no significant difference between a street-level roof and an elevated roof.



These results emphasize the value of being in contact with nature and its influence on citizens’ restorative potential, as well as how the design of urban green areas influences their well-being.






4. Conclusions


This work evaluated the urban green space users’ perceptions of different supplies of provision and regulation of services offered by different types of urban green spaces. Additionally, it determined how vegetation and roof access types affect the users’ perception of cultural ecosystem services.



In general, the results demonstrate that users give preference to urban green spaces with more vegetation (grasses, shrubs, and trees), independent of the type of roof access. Additionally, users give preference to urban green spaces with higher accessibility (urban green spaces without a roof). These preferences may not be linked to the recognition of the inexistence of a roof under the urban green space and its influence on the natural processes (the water cycle and biomass development). In fact, the results demonstrate a preference based on the quality of the urban design, considering the abundance of vegetation and the accessibility of urban green spaces.



There are two main aspects that can be concluded based on the results of this study. Firstly, there is a lack of awareness/knowledge of nature, natural processes, and their interdependencies, leading to a missing systems approach to ecology and an ill-understanding of the role of vegetation. Results show that quantity of vegetation prevails over quality, in line with the findings in [41,53]. Secondly, the results show that urban designs reflecting quality of design, ease of use, and accessibility are more valued. These findings are aligned with previous research work by [54], which states that the frequent use of urban green spaces is associated with their accessibility and level of naturalness. In fact, the results demonstrate that these characteristics are more valued than the provision of ecosystem services when assessing the preference for a green space. Thus, having green spaces on the ground or on green roofs presents no significant difference.



Overall, the results presented in this study have an upside and a downside. On the upside, people do not really care if the green space is located on-ground or on a green roof. This sustains urban development and investment in green spaces on rooftops. On the downside, it also shows that there is a progressive disconnection between people and nature, based first on an aesthetic appreciation of nature as a kind of “décor”, then on the functions of ecosystems and the dependency of humanity on the services provided. This ill-understanding of nature’s services to human well-being is not favourable to the transformative change of societies and expected sustainability goals. However, the results also demonstrate significant findings about citizens’ value of being in contact with nature and its influence on their restorative potential. Additionally, it reinforces the importance of well-designed urban green spaces to promote citizens’ well-being.



The sample size of this study is limited, preventing conclusions beyond its scope. This sample is not representative of society, as young adults have distinct preferences and activities than other age groups, and cultural characteristics may influence users’ perceptions and preferences. Nevertheless, today’s students are the adults and decision-makers of tomorrow. It is important to consider replicating this study in other contexts and with a broader sample. Further studies on urban settings could analyse other characteristics of urban green spaces, such as their different functionalities, accesses, dimensions, or expected population density. Additionally, site specific interventions could be presented to the respondents for further analysis on the scale and vegetation included in urban green spaces.



This study is a source of information on the users’ preferences and the restorative potential of urban green spaces. Considering the methodology used and the main findings, it is believed that this information can help urban planners and designers better design existing and new urban green areas.
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Figure 1. Survey structure. 
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Figure 2. Urban simulations developed with variations on the roof access type and vegetation types. 
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Figure 4. Estimated marginal means of ecosystem services depending on vegetation type and roof access type. 
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Figure 5. Mean values of activities per simulation. 
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Figure 6. Estimated mean values of vegetation type and roof type for each activity. 
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Figure 7. Mean values of the Perceived Restorativeness Scale (PRS) and Restoration Outcome Scale (ROS) per simulation. 
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Figure 8. Estimated marginal means of the Perceived Restorativeness Scale (PRS) and Restoration Outcome Scales (ROS). 
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Table 1. Survey iterations and number of respondents per condition.
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Simulation Combinations




	

	
A1I

	
B2II

	
C3III

	
IIIB1

	
IC2

	
IIA3

	
1IIC

	
2IIIA

	
3IB






	
N Total = 376

	
46

	
62

	
33

	
42

	
34

	
34

	
56

	
33

	
36
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Table 2. Number of answers per simulation (total: 1128).
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No

Vegetation

	
With Vegetation




	
Shrubs

	
Trees






	
Elevated roof

	
144

	
113

	
116




	
Ground-level roof

	
129

	
140

	
152




	
No roof

	
103

	
123

	
108




	
Total

	
376

	
376

	
376
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Table 3. Means and two-way ANOVA for ecosystem services.
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Ecosystem

Services

	
Variables

	
No

Vegetation

	
Shrubs

	
Trees

	
F

	
Sig

	
Power






	

	
Vegetation

	
1.12

	
3.03

	
3.57

	
487.424

	
0.000

	
1.000




	
Experience

	
Roof access

	
2.30

	
2.52

	
2.95

	
20.344

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
4.095

	
0.003

	
0.918




	

	
Vegetation

	
1.07

	
2.49

	
3.01

	
295.322

	
0.000

	
1.000




	
Education

	
Roof access

	
2.01

	
2.13

	
2.47

	
10.713

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
3.493

	
0.008

	
0.990




	

	
Vegetation

	
2.19

	
3.38

	
3.61

	
156.241

	
0.000

	
1.000




	
Physical Use

	
Roof access

	
2.94

	
2.98

	
3.30

	
7.090

	
0.001

	
1.000




	

	
Veg* Roof access

	

	

	

	
4.344

	
0.002

	
0.931




	

	
Vegetation

	
2.60

	
3.60

	
3.86

	
121.422

	
0.000

	
1.000




	
Social

	
Roof access

	
3.19

	
3.30

	
3.59

	
7.812

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
1.971

	
0.097

	
0.952




	

	
Vegetation

	
1.72

	
3.63

	
4.05

	
421.615

	
0.000

	
1.000




	
Aesthetic

	
Roof access

	
2.95

	
3.05

	
3.44

	
11.485

	
0.000

	
0.994




	

	
Veg* Roof access

	

	

	

	
1.568

	
0.181

	
0.488




	

	
Vegetation

	
1.18

	
3.09

	
3.57

	
353.725

	
0.000

	
1.000




	
Air Quality

	
Roof access

	
2.41

	
2.52

	
2.96

	
11.613

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
3.971

	
0.003

	
0.994




	

	
Vegetation

	
1.28

	
2.95

	
3.47

	
273.881

	
0.000

	
1.000




	
Climate

	
Roof access

	
2.41

	
2.44

	
2.89

	
11.217

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
2.379

	
0.050

	
0.992




	
Water

Infiltration

	
Vegetation

	
1.19

	
2.96

	
3.21

	
220.987

	
0.000

	
1.000




	
Roof access

	
2.43

	
2.23

	
2.76

	
13.073

	
0.000

	
0.994




	
Veg* Roof access

	

	

	

	
2.676

	
0.031

	
0.747




	

	
Vegetation

	
1.07 a

	
2.99 b

	
3.86 c

	
396.744

	
0.000

	
1.000




	
Habitat

	
Roof access

	
2.29 a

	
2.45 a

	
2.81 b

	
10.148

	
0.000

	
0.986




	

	
Veg* Roof access

	

	

	

	
2.743

	
0.027

	
0.759








a,b,c Different letters represent significantly different averages on the Bonferroni post-hoc test.
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Table 4. Means and two-way ANOVA for activities.
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Activities

	
Variables

	
No Vegetation

	
Shrubs

	
Trees

	
F

	
Sig

	
Power






	

	
Roof access

	
3.18

	
3.27

	
3.56

	
10.242

	
0.000

	
0.987




	
Walking

	
Vegetation

	
2.66

	
3.49

	
3.86

	
102.446

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
1.937

	
0.102

	
0.587




	

	
Roof access

	
3.26

	
3.30

	
3.49

	
3.967

	
0.019

	
0.712




	
Meeting friends and family

	
Vegetation type

	
2.81

	
3.46

	
3.80

	
72.202

	
0.000

	
1.000




	

	
Veg* Roof

	

	

	

	
2.031

	
0.088

	
0.610




	

	
Roof access

	
2.44

	
2.42

	
2.66

	
4.050

	
0.018

	
0.722




	
Exercising

	
Vegetation type

	
1.80

	
2.70

	
2.99

	
107.315

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
1.923

	
0.104

	
0.583




	

	
Roof access

	
2.71

	
2.70

	
3.04

	
7.584

	
0.001

	
0.946




	
Reading

	
Vegetation type

	
1.98

	
3.01

	
3.42

	
145.701

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
2.349

	
0.053

	
0.683




	

	
Roof access

	
2.34

	
2.46

	
2.80

	
11.604

	
0.000

	
0.994




	
Contemplate the

landscape

	
Vegetation type

	
1.57

	
2.69

	
3.30

	
242.245

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
6.220

	
0.000

	
0.989




	

	
Roof access

	
2.90

	
2.90

	
3.16

	
4.423

	
0.012

	
0.762




	
Catch the sun

	
Vegetation type

	
2.17

	
3.25

	
3.52

	
135.729

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
1.474

	
0.208

	
0.461




	

	
Roof access

	
3.34

	
3.58

	
3.75

	
6.201

	
0.002

	
0.893




	
Walking the dog

	
Vegetation type

	
2.73

	
3.89

	
4.03

	
124.790

	
0.000

	
1.000




	

	
Veg* Roof access

	

	

	

	
1.360

	
0.246

	
0.427




	
Have picnics

	
Roof access

	
2.02

	
1.97

	
2.27

	
6.800

	
0.001

	
0.920




	
Vegetation type

	
1.31

	
2.29

	
2.64

	
153.887

	
0.000

	
1.000




	
Veg* Roof access

	

	

	

	
4.271

	
0.002

	
0.929
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Table 5. Perceived Restorativeness Scale (PRS) and Restoration Outcome Scale (ROS).
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No Vegetation

	
Shrubs

	
Trees

	
F (sig)




	

	
1

	
2

	
3

	
A

	
B

	
C

	
I

	
II

	
III






	
PRS Mean N

	
2.0472

	
2.0217

	
2.0466

	
2.7681

	
2.7814

	
3.3057

	
3.1776

	
3.1566

	
3.6630

	
67.48 (0.000)




	
ROS Mean N

	
1.7266

	
1.7936

	
1.7330

	
2.4934

	
2.5670

	
3.1484

	
3.0560

	
2.8865

	
3.5278

	
67.74 (0.000)
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Table 6. Two-way ANOVA results for the Perceived Restorativeness Scale (PRS).






Table 6. Two-way ANOVA results for the Perceived Restorativeness Scale (PRS).














	
	No Vegetation
	Shrubs
	Trees
	F
	Sig
	Power





	Vegetation
	2.0383 a
	2.9489 b
	3.3085 c
	241.227
	0.000
	1.000



	Roof access
	2.6172 a
	2.6841 a
	3.0329 b
	20.793
	0.000
	1.000



	Vegetation* Roof access
	
	
	
	4.775
	0.001
	0.955







a,b,c Different letters represent significantly different averages on the Bonferroni post-hoc test.
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Table 7. Two-way ANOVA results for the Restoration Outcome Scale (ROS).
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	No Vegetation
	Shrubs
	Trees
	F
	Sig
	Power





	Vegetation
	1.7513 a
	2.7350 b
	3.1230 c
	239.294
	0.000
	1.000



	Roof access
	2.3723 a
	2.4454 a
	2.8346 b
	21.362
	0.000
	1.000



	Vegetation* Roof access
	
	
	
	6.830
	0.001
	0.994







a,b,c Different letters represent significantly different averages on the Bonferroni post-hoc test.
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