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There is a need for new tools in urban planning, design, and management (urban PDM) of green-blue infrastructure (GBI) to better support resilience and sustainable development. Virtual Reality (VR) emerges as a potential tool in this context. GBI provides a diversity of ecosystem services that increase the capacity of urban environments to absorb change while continuing to develop (adaptive capacity), a key factor in resilience and sustainability. However, there is a lack of tools capable of effectively capturing and communicating the designs, functions, and uses of GBI. Despite this need, research on the contributions of VR as a tool in urban PDM of GBI remains limited. To address this gap, an exploratory experiment using inductive qualitative data analysis was conducted. Participants of different ages and with different expertise viewed 360-degree video clips from urban areas through VR, completed a questionnaire, and participated in interviews. The results showed that the 360-degree video VR experience enhanced participants’ understanding of the viewed sites. Specifically, participants paid attention to details, captured the context, responded by generating emotional engagement, identified site development potential, and described an immersive experience. These results align with key principles for the sustainable management of ecosystem services, such as participation, learning, diversity, place-making, and stewardship; and adaptive capacity aspects such as processes and results grounded in complexity-embracing creativity. Our analysis shows that 360-degree video VR can increase the understanding of complexities, connections, and nuances in the urban environment. We conclude that 360-degree video VR could serve as a valuable complement to traditional tools in urban PDM, enriching decision-making with information that can support adaptive capacity, resilience, and sustainability.
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1 INTRODUCTION
Today’s interplay of biodiversity, climate, and social challenges is increasing the need to ensure sustainability and resilience of urban areas (Pascual et al., 2022). A vital aspect for supporting urban sustainability and resilience is the urban green (natural and semi-natural land) and blue (water) infrastructure, which in this article is referred to as GBI (Gill et al., 2007; Puppim de Oliveira et al., 2022). However, the usual tools applied in urban planning, design, and management (urban PDM) are limited in their capacity to deal with the complexity of urban GBI. Tools typically used include blueprints, photos, written documents, prototypes, online maps, and CAD programs (Bott et al., 2019; Zheng et al., 2017). These instruments lack the ability to include crucial details, functions, and different values of natural landscape objects. Presentations tend to mainly consist of selected visual information, and omit other vital information necessary for experiencing a place, e.g., the soundscape (Sällström, 2000). Expert knowledge is often required for using the tools. Meanwhile, co-creation and different perceptions in decision-making concerning GBI is widely regarded as important for GBI design, access, and interactions (Derkzen et al., 2017; van der Jagt et al., 2019; Zhang and Tan, 2023).
Novel, creative, and integrated approaches are needed to address the complexity of urban challenges, overcome the limitations of traditional tools, and meet requirements for sustainable development. New, systemic ways of thinking about urban PDM are essential (Chang et al., 2018; Elmqvist et al., 2018). In this study, urban areas are regarded as complex, adaptive, social-ecological-technological systems (urban SETS) (Wallhagen, 2016). The SETS continuously co-evolve and adapt to internal and external changes and stressors (Grimm et al., 2015). Planning, design, and management can be understood as processes that together and separately influence the characteristics, functions, and sustainability of the urban SETS.
Emerging digital information and communication technologies (digital ICTs) enable new opportunities for supporting sustainability in urban PDM (Nitoslawski et al., 2021). However, a systems perspective on these opportunities remains an under-studied field (e.g., Colding et al., 2020). Virtual Reality (VR) is a digital ICT that has been discussed as a promising complement to more traditional tools in urban PDM (Sanchez-Sepulveda M. et al., 2019; Suneson et al., 2008). In any VR session, the user wears a headset that enables full immersion in a 3D, 360-degree, multisensory experience (Sutherland, 1968). It is this sensory immersion that typically distinguishes VR from other, non-immersive technologies. For example, in Augmented Reality, another emerging digital ICT, digital objects are displayed overlaying the real world, in real time, on an external screen. This paper focuses on a subtype of VR, 360-degree video VR, which is created by special cameras that capture the entire, 360-degree, environment. The 360-degree video VR presents non-interactive, real-world video footage and audio. This VR differs from 3D VR, which presents digitally created, artificial, and sometimes interactive environments (Bowman and McMahan, 2007).
Both research and policy have increasingly highlighted the importance of considering resilience in urban PDM (Alberti et al., 2018; Elmqvist et al., 2021). In sustainability science, resilience is the capacity of a system to deal with change, and adapt or transform and continue to develop (Biggs et al., 2015; Holling, 1973). Resilience and sustainability of urban SETS can be supported by urban adaptive capacity. Adaptive capacity refers to the agility and reflexibility in governance, technology, and physical structures to continuously learn about, and respond to complex social and environmental changes (Chester and Allenby, 2021; Matthews et al., 2015).
The concept of ecosystem services refers to the benefits people derive from the world’s ecosystems. Ecosystem services provide the foundation for human existence and wellbeing (Bratman et al., 2019; MA, 2005), can increase the capacity to adapt to climate change (Gaffin et al., 2012), and build local and regional ecological resilience (Sassen, 2010). Urban GBI (e.g., trees, forests, lawns, flowerbeds, waterways, and wetlands), can provide ecosystem services such as air purification, temperature regulation, noise reduction, aesthetics, habitats, and spaces for recreation. Ecosystem services are also vital for securing and supporting biodiversity (Andersson et al., 2019; Bolund & Hunhammar, 1999; Ives et al., 2016). Multifunctional GBI refers to spaces and elements that can provide several different types of ecosystem services (Manning et al., 2018).
The concept of ecosystem services was included in the EU Biodiversity Strategy 2030 (European Commission and Directorate-General for Environment, 2021) and the preceding Strategy for 2020 (European Commission, 2011). The Swedish government also recognised the need for better integration of nature in cities to increase the prevalence of urban ecosystem services. The government’s Strategy for living cities – politics for sustainable urban development, Objective 2.2.1, mandates that “a majority of the municipalities, by 2025, safeguard and integrate urban nature and ecosystem services in planning, construction, and management in cities and densely built-up areas” (Regeringskansliet, 2018).
Urban PDM need new tools for supporting this mandate. These new tools must address multifunctional GBI, biodiversity, and the provisioning of ecosystem services (Seifert et al., 2020; Vainio, 2016). Thus, tools need to be capable of dealing with complexity. New tools also must be practical, locally adaptable (Khoshkar et al., 2020), and capable of involving stakeholders across sectors and between levels (Kabisch et al., 2016). Moreover, tools need to facilitate inclusion of groups whose participation in the processes and in urban landscapes is typically underrepresented and overlooked: women, children, and disadvantaged groups (Bosman et al., 2017; Maalsen et al., 2023).
Therefore, this study explores the question: How can 360-degree video VR as a tool support planning, design, and management of urban GBI and the provisioning of ecosystem services? It applies a complex adaptive social-ecological-technological systems approach (Grimm et al., 2015; Levin et al., 2012) and principles for enhancing ecosystem services (Berkes et al., 1998; Biggs et al., 2015).
2 METHODS
An exploratory, inductive, qualitative study was conducted to gain insights into how VR can influence the understanding of ecosystem services and urban SETS (Figure 1). An experiment was conducted in which participants used VR headsets. They watched 360-degree video clips of two housing areas with differing characteristics in the city of Gävle, Sweden. The participants were interviewed, observed, and asked to answer a questionnaire.
[image: Figure 1]FIGURE 1 | Illustration of the position of VR as a tool in planning, design, and management of urban natural and built infrastructure. The three parts of SETS are each presented with examples of their constituting elements.
A total of 25 professionals and students were selected and invited to participate in the experiment. The participants worked with or studied issues related to urban planning, and were connected to the City of Gävle, the University, or the then-ongoing project Augmented Urbans (Augmented Urbans, 2018). The participants in this study could be categorised as belonging to two groups. One group consisted of experts from academia, architecture, and urban planning with a background in sustainability studies, architecture, landscape architecture, biology, and urban planning. The other group comprised students from the University of Gävle participating in a bachelor’s level course in the Industrial Design program. The students were involved in design tasks linked to the Augmented Urbans project through the program. Seven of the participants were born between 1952 and 1969, five were born between 1970 and 1989, and 13 were born between 1990 and 1998. Ten were women and 15 were men. The expert group included six women and six men. The student group included four women and nine men. The responses from both groups are presented in the text.
The Augmented Urbans project developed Extended Reality (XR) applications and tested their capacities to support participatory planning for urban resilience in seven cities in four countries in the Central Baltic region. The project inspired the experiment.
2.1 Experiment design
The experiment was performed on two different occasions during the autumn season: the first with the group of experts, and the second with the students a month later. Participation was voluntary, and all participants were given information about the experiment and signed a consent form. The participants watched the clips in a room with groups of three to five people at a time. The experiment was sound- and video recorded, to capture how the participants reacted verbally and physically to the experience of using VR. After watching, the participants filled out questionnaires about their perceptions of the experience and how they could imagine using VR in their own work or studies.
2.2 The 360-degree videos and the areas
The 360-degree video clips (Supplementary Material Appendix A) were filmed in 5K pixel resolution, and non-interactive. The clips were filmed during the late summer, using a GoPro Fusion 360 video camera (GoPro, 2021). The camera was small enough to fit in one hand and lightweight, and thus easily portable. The 5K pixel resolution was at the higher end before approaching professional level equipment. A tripod was used for the camera during filming to stabilise the videos, ensure high-quality recording, and make the VR experience more comfortable for the participants in the experiment. The production included filming the 360-degree video clips and uploading them to a server, which required some technological expertise. Two Oculus Go headsets (Meta Technologies LLC, 2021) with an inserted Samsung Galaxy S5 mobile phone were utilised during the experiment. The headsets had buttons and a touch function for navigating the options in the view, and a wheel for adjusting the focus. Operating the headsets required some technological expertise. Each clip lasted approximately 30 s and was played in a loop. Each participant viewed between three and five different point locations.
The 360-degree video clips showed two different sites in Gävle, Hemsta (Figure 2) and Ulvsätersvägen (Figure 3). They were selected to represent two common Swedish housing area and greenspace typologies. The areas consist of blocks of flats built in different stages from the 1960s to the 1990s and associated shared greenspaces, such as courtyards and lawns. The company that owns the buildings had previously conducted a survey to local inhabitants. The results of the survey showed that the greenspaces could be improved for functionality, biodiversity, and aesthetic appeal. The greenspaces thus represented suitable sites for the experiment.
[image: Figure 2]FIGURE 2 | Screenshot from a 360 video clip of Hemsta, facing west. The communal greenspace is laid to grass and surrounded by car parks. The two-storey blocks of flats are in the background.
[image: Figure 3]FIGURE 3 | Screenshot from a 360 video clip of Ulvsätersvägen, facing south-south-east. The communal greenspace is mainly laid to grass, also hosting a tree grove and a playground with swings. The two-storey blocks of flats are seen in the background, separated from the greenspace by a paved surface.
2.3 The experiment questionnaire
The questionnaire (Supplementary Material Appendix B) entailed nine questions. The first set of three open-ended questions asked: 
a) how the participants experienced using 360-degree video VR, 
b) what tools they normally used to plan or get to know an area, and 
c) how 360-degree video VR compared to the tools the participants normally used. The subsequent three open-ended questions asked: 
d) what possibilities the participants could identify with using 360-degree video VR, 
e) what challenges or limitations the participants could identify with using 360-degree video VR, and 
f) if they could envision using it in their own work. The questionnaire further entailed three questions about the participants’ age, gender, and occupation.
2.4 Transcriptions and qualitative content analysis
The written questionnaire responses and the recorded verbal comments are from here on jointly referred to as the responses. The responses provided by the participants during the exploratory experiment were processed in an inductive qualitative data analysis (Graneheim and Lundman, 2004). The recorded videos from the experiment were put on a secure server, and the audio files from the interviews were transcribed. The responses were condensed into extracted meaning units, i.e., sentences and words that constituted the units of analysis (Elo et al., 2014). The meaning units were then translated to English, and coded into sub-themes and themes. Thematic saturation, when new information produced little or no change to the codebook (Guest et al., 2006), was reached when approximately 75% of the meaning units had been coded into sub-themes. The sub-themes were grouped into five themes designed to capture and describe common patterns and topics in the responses. A calculation of the distribution of meaning units across the themes was performed. The themes, sub-themes, and extracted meaning units were developed in dialogue between the authors and two additional senior researchers.
3 RESULTS
The results showed that all expert participants and most student participants saw potential in using 360-degree video VR for a variety of purposes (see Section 3.6) in urban planning, design, and management (urban PDM). Purposes included documentation, presentations, and communication of ideas, proposals, and preferences. No participant was against the idea of using 360-degree video VR.
Five over-arching themes were identified in the participants’ written and verbal responses: Attention to detail, Capturing the context, Generating emotional engagement, Identifying site development potential, and Providing an immersive experience. The distribution of responses associated with each theme is presented in Figure 4. This section presents each theme.
[image: Figure 4]FIGURE 4 | The numerical and percentage distribution of meaning units associated with each theme. The data labels include each theme’s number and name, the number of associated meaning units, and the proportion they represent out of the total 236 meaning units. Some meaning units are linked to multiple themes.
3.1 Attention to detail
The theme Attention to detail garnered the largest number of responses. The 64 individual responses accounted for 27% of the total of 236 responses. Nearly all participants noted numerous details while viewing the 360-degree video clips in VR (Table 1). Responses included identifications of ongoing activities on-site, such as: “There’s someone walking a dog,” and of individual objects: “A fence, a small swing, a barbeque.” Responses also included the colours and condition of objects: “This wood here has not been doing so well. The façade and such made of wood and planks. There was some growth on them, and you can see that here” and object details: “I’m standing with a streetlight right in front of me, where 5,676 is written.” Responses also included identification of the materials of objects: “Here’s bricks, with bright sealant. A concrete staircase and then a slightly longer building, with a pent roof.” 
TABLE 1 | Overview of Theme 1, Attention to detail, and Theme 2, Capturing the context. Samples of responses transcribed, translated, and condensed into meaning units, sub-themes, and themes.
[image: Table 1]Other responses pertained to the green infrastructure. They included identification of objects: “Newly added flowerbeds there,” species: “Beautiful willow, providing character,” and object details: “Cool trees. A birch what is it a rowan? It has red berries, at least.”
3.2 Capturing the context
The responses showed that the VR experience captured the context of the site (Table 1). The theme Capturing the context garnered 52 responses, representing 22% of the total of 236 responses. Sub-themes pertained to the physical properties of the sites, and to planning and design processes associated with the sites. Responses pertained to the physical context of the sites. They concerned objects’ individual and relative positioning, such as: “I begin by looking into a large plank. A grey plank, between a brightly painted shed and a pink lime cement house,” and scale and volume: “There’s one house taller, one lower,” and “These trees are surprisingly massive, actually.” Responses also concerned the lighting conditions: “I can see how much the trees shade,” the landscape topography: “There’s a small hill! Everything else was so flat,” and the density: “The courtyards must be crowded, with those fir trees.” Viewers noted that the VR experience provided them with a holistic understanding of the site, for example, by expressing that “this is incredibly good for generating context.”
Concerns raised in the responses focused on the design and intended use of sites: “It is clear how the lawn and the parking space destroy the entirety. This potential park is destroyed by the parking spaces.” Others focused on safety: “You would not want to have your children running back and forth over a parking lot.”
For some participants, the visual experience triggered memories from planning, design, and management dialogues: “We just talked about this” and of previous visits to the sites: “They were working on [the flowerbeds] when I was there.” The visual experience also triggered mental associations to ongoing planning and design processes: “These crowded outdoor places, we want to make them greener.” Suggestions were presented: “if digital objects, such as buildings or trees, could be inserted into a VR presentation, it might help with understanding suggestions for potential changes in the current, local context.”
3.3 Generating emotional engagement
Most participants reacted with emotional responses and subsequent inspiration to act (Table 2), when viewing the 360-degree videos in VR. The theme Generating emotional engagement garnered 47 responses or 20% of the total of 236 responses. Assessments of the aesthetics of the sites were made, such as: “That’s the most unwelcoming barbecue site I’ve seen,” and “the outdoors environment is sad looking.” Trees were deemed “beautiful,” a playground “prison-like,” and walls “large, empty” and “horribly ugly.” 
TABLE 2 | Overview of Theme 3, Generating emotional engagement, Theme 4, Identifying site development potential, and Theme 5, Providing an immersive experience. Samples of responses transcribed, translated, and condensed to meaning units, sub-themes, and themes.
[image: Table 2]During the experiment, while wearing the headset, participants expressed mood by exclaiming words, “Cool!,” “Great!,” and bursting out in surprised or excited laughter. Following the expressions of emotional responses, a range of ideas for taking action were generated, which are presented in the next theme.
3.4 Identifying site development potential
The results included responses regarding how VR could be used to Identify site development potential (Table 2). This theme garnered 17 responses or 7% of the total of 236 responses. Issues were spotted, e.g., impressions of dense outdoor spaces. Suggestions on adding GBI were presented: both for creating more appealing sites, such as: “You could do something here, put some climbing plants on it,” and designing for different purposes: “We have a pretty good surface here to make a large, collective meeting space with different activities.”
Responses associated with Identifying site development potential also pertained to the use of VR for presenting sites during different seasons, or for showing what sites could have looked like in the past. Some suggested that the VR experience could be further developed to help communicating ideas, e.g., by allowing for digital objects to be inserted in the 360-degree video view: “If I make a bench or something, I could put it there.”
Some made observations regarding the age and condition of materials and vegetation, potentially associated with management implications like repair needs: “I have a pole right in front of me that’s damaged from rot” and “a plank that looks like it is about to fall.” Other observations pertained to management requirements more directly: “The grass needs to be cut, that’s quite work intensive.”
Responses included identifications of the intended use of sites: “Ah, there is a pétanque field.” Idle sites that were not used were identified: “A lot of lawns that I can almost guarantee that no human has ever walked on.” Responses identified issues with existing green infrastructure and provided hints at how they could be improved: “There’s very little colour in the area, it is only green. There are no flowers anywhere.” Some suggested how sites could be redesigned: “It is amazing that this site is not better utilised, I think - a large parking lot instead of an appealing meeting site or a small playground.”
3.5 Providing an immersive experience
The results from the experiment showed that VR was Providing an immersive experience (Table 2). The theme garnered 56 responses, or 24% of the total of 236 responses. Responses simultaneously expressed emotions and observations of movement, such as: “It is a cool feeling … the leaves are moving in the trees.” They described a sense of depth: “Behind those trees is a busy road” and “Here’s windy, and cars on the other side of the hedge!.” Responses further highlighted the multisensory experience provided by the VR headset as sound in addition to the 360-degree video view: “I can hear traffic and the wind.”
While wearing the VR headset and viewing the 360-degree videos, several participants expressed a sense of presence at the site: “I’m standing on a lawn, inside a courtyard” and “I feel like I am at the site.” A couple of participants expressed that the VR experience could replace on-site visits: “We really would not have needed to travel out there to look.”
In one of the video clips, a person was recorded walking up towards the camera. A participant who was wearing the VR headset commented on the perspective: “I can imagine it is how cats and dogs see people, before they get picked up.” Another participant stated: “I feel like I stand higher up than I do in real life.”
Participants noted a flexibility in the viewer perspective when using VR: “I can look up at the underside of the roof beams that protrude in the eaves.” As for the 360-degree video’s 5K resolution, two of the responses were: “You see what it looks like … except for the resolution, which is better in real life” and “It is a bit grainy.” The possibility of experiencing a site in VR during a different season than what’s shown in the video, i.e., temporal flexibility was highlighted in the responses: “This is super nice, because it was a bit sad to be dealing with flora when there was not much around.”
The VR experience was described as providing a different, and possibly deeper, understanding of the site compared to other tools: “You get a different picture of how it looks at the site, from previously having seen it on a spatial plan” and “When we were [in the other room], we sat there with a blueprint, a coloured plan, and a photo. Here we got so much more.”
3.6 Respondents’ views on potential contributions and limitations of the 360-degree video VR as a tool
The written questionnaire provided the participants with an opportunity to further elaborate on their impressions of the experiment. The responses showed that a mix of digital and non-digital tools (Supplementary Material Appendix C) was normally used. The 360-degree video VR was commonly described as easy to use and easily providing a three-dimensional understanding of a site. All except two participants was trying VR for the first time. One of the participants who had tried VR before stated that the 360-degree video VR experience in the experiment was grainier than in gaming VR, but provided more depth than, e.g., Google Maps. The 360-degree video VR was described as differing from photos, for instance, and was suggested as a potentially suitable tool specifically in urban planning and design. Suggestions on uses of 360-degree video VR in the participants’ own professions included: for presentations, to facilitate dialogues, to generate an understanding, and to spark curiosity (Table 3).
TABLE 3 | Samples of responses to the questions of potential contributions of using 360-degree video VR in design and decision-making, and if and how participants could envision using VR as a tool in their own work.
[image: Table 3]Ideas on uses of 360-degree video VR further included: to present sites to others, to “visit” other sites, and to experience a site during different seasons and times of the day. A couple of participants responded that 360-degree video VR could minimise the need for physical visits, which was regarded as a possibility and a risk, respectively. The idea of combining 360-degree video VR with other digital tools, e.g., GIS and CAD, was presented. The aim would be to visualise design proposals in their environment and to enable rapid re-designs, but without the resources, e.g., time, skills, and money, needed in experiments that involve physical prototypes. Suggestions also included modifications to the experience: to enable written feedback in the VR view, create scenarios, present before and after-scenarios, and recreate historic environments.
In their written responses, 21 participants specified their perceived limitations of the 360-degree video VR (Table 4). Each perceived limitation occurred between one to four times. Perceived limitations pertained to the technology, encompassing the hardware and the production. Specifically, using the headset requires technological expertise, filming is required prior to using the VR headset, production and equipment could be costly, and the experience is limited to the extent of the battery life. At least one participant responded that the use process was time consuming. Other limitations pertained to the presentation of the video clips: the view was perceived as less detailed compared to real-life visits, and a couple of responses even described it as blurry. A couple of participants responded that repeat visits over time is crucial for understanding how sites change over time through, e.g., seasons and weather. However, the video clips only showed the sites from one occasion. Perceived limitations also pertained to the user experience. These included feelings of dizziness and discomfort, and that users needed time to get used to the headset before they could absorb the presented information. The experience was described as individual, which could prevent discussions, the 360-degree video VR could prevent on-site visits. Additionally, one respondent expressed concern that the screen’s close proximity to the eyes might cause eye damage.
TABLE 4 | Keywords from the responses to the question: “What limitations, obstacles, or difficulties associated with using the VR technology do you perceive?” The answers are grouped and presented in categories that reflect aspects of the VR process, from production to presentation.
[image: Table 4]It took between 1.5 and 4 min for each user to put on the headset, get used to operating it, and navigating the playlist. Around 15% of the users accidently left the playlist and ended up elsewhere on YouTube or in the Oculus VR app library. A couple of the participants expressed in their responses that it was valuable to have a skilled VR person present during the trials to facilitate with the technology.
4 DISCUSSION
4.1 VR has potential to mitigate known limitations of traditional tools
We set out to explore the question: How can VR as a tool support planning, design, and management of urban GBI and the provisioning of ecosystem services? The results from our explorative, qualitative study show that 360-degree video VR technology can complement the usual tools traditionally used in urban planning, design, and management (urban PDM) (blueprints, physical models, texts, photos, online maps, CAD, etc.). The results further show that 360-degree video VR provided a feeling of immersion and supported absorption of multi-sensory information through a combination of audio and visual input. The technology was described as intuitive to use, and the presented information meaningful and easy to absorb. Results show that 360-degree video VR has the capacity to capture and present: important characteristics of the built environment, human-nature interactions, and the complex, continuously evolving, dynamic, multi-scalar networks of different living organisms that produce ecosystem services. The capacity can increase the understanding of the social-ecological complexities and nuances at a site, and as such support informed decision-making associated with urban GBI, an area where research has identified existing limitations (Cook et al., 2024).
Traditional tools in urban PDM tend to be limited in their capacity to embrace the complexity of urban challenges. Physical and digital models present selected information, largely lacking context and detailed information on vegetation or animal life, and can limit designs to simple, rectilinear shapes that are easy to copy and replicate. Understanding written documents and blueprints typically require specialised expert knowledge. Such requirements give rise to the participation paradox, in which access to information in the early stages of planning, when important decisions are made, is limited to selected experts (Wolf et al., 2020). Furthermore, urban PDM processes have been found to risk exacerbating social inequalities, and to be dominated by and limited to primarily male participation and perspectives (Maalsen et al., 2023; Meerow et al., 2019). In our study, we found that the 360-degree video VR showed potential to address and mitigate such limitations.
4.2 Implications for building urban adaptive capacity
Earlier research has indicated that VR might strengthen adaptive capacity aspects of planning, design, and management processes, focusing on capacities like empathy building, flexibility in perspective taking, collaboration, and learning (Barbot and Kaufman, 2020; Hanzl, 2007). The following sections discuss how the results may be understood in terms of support for adaptive capacity in the processes, and in built-up and natural urban landscapes. The discussion is structured according to the themes and sub-themes.
4.2.1 Attention to detail
The theme Attention to detail includes identification of activities on-site, and the colours, conditions, and materials of built infrastructure objects. The theme also encompasses the condition, location, and design of green infrastructure objects such as flowerbeds, lawns, and trees, and plant and animal species. The properties of 360-degree video VR that enable users to identify these elements link to several of the principles for supporting PDM of urban ecosystem services as identified by Biggs et al. (2015). Examples of principles include: maintaining diversity and redundancy, encouraging learning, and broadening participation.
The presentation of objects through visual and audio data, and with high spatial accuracy, can be useful for a range of users. For example, planners, designers, managers, and others, who cannot travel to a physical site, are experts on different tools or topics, or are new to a site. Attention to detail enabled by 360-degree video VR could support planners and designers with preparations for different scenarios, and suggestions on alternative designs or management plans. It could also inform managers on the volumes, materials, and colours of buildings that need maintenance work and so on. As planning, design, and management processes are increasingly digitalised, the presentation of details could also be useful if 360-degree video VR were combined with data in augmented information models to visualise projected local changes, e.g., temperature, rain, or drought, new or invasive species, or population density.
4.2.2 Capturing the context
Where Attention to detail focused on individual objects within an area, Capturing the context connects different objects and their surroundings. Capturing the context facilitates the contextual understanding of an area, e.g., how urban objects, both built and natural, relate to each other in terms of scale, volume, and positioning; and how they relate to topography, light, and shade conditions.
VR-enabled contextual understanding could inform planners, designers, and managers in design and decision-making on heights and densities of spatial objects, and the combinations of materials, textures, colours and so on in the area. It could also inform on the shapes, extents, and functions of vegetation, and the assemblages of plant and animal species in the local and the surrounding area. By providing this kind of understanding of the properties of the urban infrastructure and SETS, 360-degree video VR can help decision-making on suitable heights, shapes, and placements of new constructions to maintain flows of ecosystem services, for instance, to allow for sunlight to enter, and to prevent wind corridors. Contextual understanding could facilitate identification of social concerns such as safety, light pollution, and noise issues. It could also inform on how differently people experience and perceive contexts, and how their capacities of utilising an area might be impaired.
Other studies on VR support the result in our analysis that 360-degree video VR could prompt participants’ memories of places and experiences (e.g., Subramanian et al., 2017). Prompting memories can generate feelings of attachment to places, assign meanings, and support place-based agency and long-term management (Stedman, 2002). In urban PDM, prompting memories could contribute to dialogues: with new ideas, spatially exact information about a site, and relevant knowledge from other places K regarding species, their use, or ecological management practices (e.g., Tengö et al., 2014).
Capturing the context also relates to fostering complex adaptive systems thinking. Complex adaptive systems refer to people’s capacity (and that of our governing institutions) to understand ourselves and the world around us as linked, continuously evolving, and adapting systems. The 360-degree video VR shows promise in both capturing and revealing the complexity of urban SETS. This capacity could support adaptive systems understanding and inform decision-makers on prerequisites, needs, and potentials for GBI in the local SETS context.
4.2.3 Generating emotional engagement
The capacity of VR to generate emotional engagement was demonstrated by the participants as expressions of mood, i.e., laughing, amazement and, for some, slight discomfort. Emotional engagement was also expressed as immediate responses to the viewed information, pertaining, for instance., to aesthetic qualities of trees and buildings as pleasant, beautiful, or ugly. The result supports those in other studies, where a closely related concept to emotional engagement, empathy, is identified as a strong feature in VR use (Sanchez-Sepulveda M. V. et al., 2019; Stauskis, 2014). Emotional engagement has been found to increase creativity, a key aspect of innovations, even lasting past the period of immersion (Houzangbe et al., 2022). It is also important for spurring motivation to act to maintain or enhance valued attributes of a site (Stedman, 2002), by participating in activities in the landscape or in planning and design processes.
Engaging participants and inspiring responses between and within groups of experts and non-experts, can facilitate inclusion and combinations of multiple fields of expertise and knowledge: Inclusion of diverse sources of knowledge is a key element in building adaptive capacity (Kabisch et al., 2016). It can deepen the understanding of prerequisites, challenges, needs, and interests nested in different groups and individuals, and contribute to creative ideas for new solutions.
Emotional engagement is also a fundamental step towards feeling a sense of responsibility for a site and taking action to support its wellbeing and functions. In resilience research, this connection is known as stewardship (Andersson et al., 2014; Chapin III et al., 2010) and sense of place (Masterson et al., 2017). Urban planners often work with other experts, e.g., internationally renowned architectural firms, who can be in other countries and lack prior experience of the sites. Emotional engagement through 360-degree video VR can be one way of strengthening experts’ emotional connection to a site and their sense of responsibility towards the planning and design processes.
4.2.4 Identifying site development potential
In our study, participants were inspired to present new ideas regarding site designs, e.g., turning a parking space into a green site offering a meeting space for different activities.
This result shows how the 360-degree video VR experience could help in identifying used or idle space by capturing activities (e.g., dog walking), details (e.g., graffiti), or a lack of activities (e.g., unkempt spaces). The identification could guide decision-makers to suitable sites for interventions; prioritising where interventions could be needed to improve ecosystem services or reduce maintenance costs, e.g., an empty lawn; and identifying appropriate types of intervention. Collaboration, creativity, and experimentation are important elements in planning, design, and long-term management of ecosystem services-based solutions, and in building urban adaptive capacity (Elmqvist et al., 2018).
Identifying site development potential connects to problem identification and creative solution ideation, processes that are known to benefit from multi-stakeholder collaborations. This theme also connects to two approaches in urban PDM, known as safe-to-fail, and urban tinkering (Ahern, 2011; Elmqvist et al., 2018). Focus is on design that allows for failure, of supporting creativity, including different sources of knowledge, and enabling experimentation in the processes of designing resilient and potentially multifunctional solutions, e.g., GBI that can deal with flooding and drought conditions.
4.2.5 Providing an immersive experience
The multisensory experience provided when both audio and visual information are received created a feeling of immersion, as observed in other studies (e.g., Slater, 2009). Participants felt as though they were physically present at the site displayed in the VR view and were engaged with the experience. For a planner or designer, the immersive experience can provide important information in bundles, e.g., the sounds, lights, reflections, and wind conditions at a site; details like what butterflies and other insects move through an area; and the speeds at which people travel as pedestrians, cyclists, and drivers. Participants responded that the 360-degree video VR provided them with an understanding of the depths at the site, which they had not experienced with other tools. For example, they could hear the sound of cars behind hedges, and notice movements, e.g., people walking their dog. The effects contributed to deepen the understanding of the site.
Filming from different heights and locations can represent the perspectives of different people, such as children and individuals with health conditions or impairments (Götzelmann and Kreimeier, 2020) and of animals (Steel et al., 2015). Representation of different perspectives could support social inclusion and diversity in planning, design, and management, and support ecosystem-based management. In both cases, heights, distances, obstacles, users and uses can be better identified, expressed, and understood. The immersive experience in 360-degree video VR could furthermore support better understanding of other important aspects that influence greenspace usage, such as perceptions of greenspace safety, resource quality (Rigolon, 2016), and comfort (Vukmirovic et al., 2019).
The VR headsets are easily transported, enabling users to experience geographical sites without having to travel. Users can experience a site as it was when the 360-degree video was recorded, at any season of the year or any time of the day. Potential benefits include experts in different cities or countries sharing knowledge or ideas for a site, saving on travel-related costs, carbon emissions, and other environmental impacts.
For urban GBI managers, the 360-degree video VR could provide detailed, spatially accurate information on the changing state of the GBI, informing about when, where, and which vegetation might appear; or when and where interventions should be done or avoided. Many other studies establish that efforts to enhance the adaptive capacity of urban social-ecological systems must be supported by continuous learning and experimentation (e.g., Biggs et al., 2015; Elmqvist et al., 2018).
4.3 Limitations
Although this study shows the 360-degree video VR experience has widespread application, the technology relies predominantly on the user’s ocular capacities. It could thus be of limited use for the visually impaired. The risk of discomfort or nausea, as some participants experienced, could limit or exclude participation by people with vestibular issues. The need for data storage could also constrain the usefulness of 360-degree video VR: at around 0.5 gigabyte per 30 s, the 360-degree video files required ample data storage resources.
The study was conducted in Sweden, but it could be replicated in different SETS contexts in terms of ecosystems, technological resources, governance systems, demographics, urbanisation rates, projected climate change effects and so on. The study explored aspects related to the potential use of VR and did not include an analysis of why VR was not already being used. The study was conducted as an experiment, in which each participant tried the VR experience once in a spatial and social context that was not part of their usual work or study environment. All participants had backgrounds within urban PDM. A different emphasis in responses might be expected from participants specialised in the development or use of digital ICTs. Similarly, if conducting a more extensive study, it could preferably engage an even more socially diverse group of participants to better align with sustainability commitments as outlined in, for example, the Sustainable Development Goal 11, Sustainable Cities and Communities, and Agenda 2030 (United Nations, 2015).
4.4 Recommendations for use of VR, and suggested topics for research
Based on the results of this study, we have formulated the following recommendations for the use of 360-degree video VR in urban planning, design, and management:
- Complement other tools with 360-degree video VR. The 360-degree video VR should be regarded as a complement to other tools, providing capacities to accessibly present rich, specific, and accurate information. The capacities can facilitate dialogues, knowledge sharing, and creative ideation between experts in different fields, and between experts and non-experts. Dialogues are important for supporting informed decision-making in complex systems, and for identifying novel solutions for dealing with often escalating and unpredictable change.
- Consciously design equitable use processes. Planned VR use is a process in which each step can influence participation and equitability: the identification and invitations of participants, selection of location, the information and response provisioning and processing, and transparency in decision-making and implementation. Participation is a vital aspect of building agency, a strong contributor to sustainable long-term GBI management. Consciously designing the steps of the VR use can widen the inclusion and meaningful participation of groups, knowledge, and ideas.
- Keep exploring potential digital evolution pathways. As digital ICTs are developing, the digitalisation of urban PDM proceeds, and challenges to urban areas grow in complexity, there are many opportunities to explore how as a tool and its use can evolve to support dealing with SETS complexities.
Our suggestions on future research on VR and other digital ICTs as tools in planning, design, and management of urban ecosystem services and resilience include:
- What other ICT tools and frameworks, beyond VR and adaptive capacity, could be useful for assessing resilience of urban landscapes?
- How can VR be used to visualise scenarios of projected future turbulence in and of urban SETS caused by climate change?
- How can the visualisation capacities of VR be combined with the computational powers and artistic capacities of Artificial Intelligence? Specifically, to present augmented digital scenarios of greener urban futures, or models of the effects of GBI on the local provisioning of ecosystem services?
- What factors are enabling or limiting the use of 360-degree video VR in urban PDM in different contexts, e.g., in developing and in developed urbanising areas?
5 CONCLUSION
This study demonstrates that the capabilities of 360-degree video VR make it a potential complement to existing tools in urban planning, design, and management (urban PDM) for supporting the ecosystem services provided by green-blue infrastructure (GBI). Urban GBI and its ecosystem services are considered part of continuously developing, complex adaptive social-ecological-technological systems (SETS) and are crucial for urban resilience and sustainability. However, traditional planning, design, and management tools are often limited in their capacity to capture the details, functions, and uses of GBI. An exploratory experiment and inductive qualitative data analysis identified five themes linked to 360-degree video VR capabilities: 1) Attention to detail, 2) Capturing the context, 3) Generating emotional engagement, 4) Identifying site development potential, and 5) Providing an immersive experience. The results showed that 360-degree video VR provided participants with a detailed and nuanced understanding of the sites, and participants were overall positive about using 360-degree video VR in their work. Potential contributions of 360-degree video VR include enabling spatially precise and contextually rich input; inspiring dialogue among experts across different cities or countries; fostering communication between experts and non-experts; facilitating the inclusion of citizen groups that use GBI but traditionally play a minor role in urban decision-making; and supporting decisions related to GBI management interventions and long-term planning. The results relate to key aspects of social-ecological adaptive capacity theory, particularly in promoting experimentation, creativity, and the multifunctionality of GBI. The findings also align with established principles for building resilience in SETS, such as promoting diversity (both biodiversity and inclusion of different sources of knowledge), stewardship, sense of place, participation, and learning. We conclude that 360-degree video VR displays promising potential as a tool in urban PDM for managing GBI as part of complex adaptive systems.
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Meaning units, samples

- There’s someone walking a dog
- There's someone bicycling!

Sub-themes

Activities on-site

Theme

1. Attention to detail

- A grey plank Colours
- The condition is visible. I have a pole straight ahead of me that is damaged from rot. And then there's some algal growth on | Condition

this pole next to the garage driveway

- It's some form of mexi brick fagade. Probably aluminium doors Materials

- Here's bricks, with bright sealant. A concrete staircase and then a slightly longer building, with a pent roof

- I'm standing with a streetlight right in front of me, where 5,676 is written Objects.

- Beautiful willow (Salix) providing character

- Newly added flowerbeds here

- Cool trees. A birch ... no, what is it ... a rowan? It has red berries, at least

- I begin by looking into a large plank. A grey plank, between a brightly painted shed and a pink lime cement house Positioning 2. Capturing the context

- There’s a tree grove to the right here

- One house taller, one lower
- These trees are surprisingly massive, actually

Scale and volume

- T can see how much the trees shade Lighting conditions
- There’s a small hill! Everything else looked so flat Topography

- The courtyards must be crowded, with those fir trees Density

- You would not want to have your children running back and forth over a parking lot Concerns

- They have planted some new plants ... they were working on them when I was there Memory

- We just talked about this
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Meaning ul

samples

- Beautiful trees
- That was the most unwelcoming barbecue site I've scen
- The “beautiful”, prison-like playground

Aesthetics

- [Laughter]
- Coolt
- This is super nice, because it was a bit sad to be dealing with flora when there is not much around

Expressions of mood

Theme

3. Generating emotional
engagement

- You could do something here, add some climbing plants Inspiration
- Wehavea good surface here to make a large, collective meeting space with different activities. These crowded

outdoor places, we want to make them greener

- The grass needs to be cut, that’s quite work intensive Management
- A plank looking like it's about to fall implications

- It is possible to enter here with car and fire trucks, and drive to the door with deliveries

- It’s amazing that this site is not better utilised - a large parking lot instead of an appealing meeting site or a
playground
- A lot of lawns that I can almost guarantee no human has ever walked on

Used or idle space

4. Identifying site development
potential

- Behind those trees is a busy road Depth
- Here's windy ... and cars on the other side of the hedge!
~Its a cool fecling ... the leaves in the trees are moving Movement

-1 am standing on a lawn, inside a courtyard
- I'm standing at the car park. It is interesting, because we just talked about it
- We really would not have needed to travel out there

Sense of presence

- You get a different picture of how it looks at the site, from previously having seen it on a spatial plan
-1 could ot quite expect that this is how it would look when I saw the blueprint

Understanding

5. Providing an immersive
experience
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What possibilities do you see in using VR in design and decision-making processes?

Could you envision using VR in your work? How?

For planning processes and different kinds of communication. A good way of communicating different designs in a decision-making process. You can collect several peoples’ or
groups impressions of an area.

It can enable experiencing a site with more senses, without spending time at the site.

Help people to experience environments before or after decisions.

You get a better understanding of what it really looks like, and everyone receives the same information. Edited video provides important information, especially for everyone who
has difficulties imagining what a drawing depicts.

Huge possibilities! It s difficult to communicate a visual vision, so it would facilitate the communication if you can text, e.g, restoration suggestions via VR.

You can see what places that you have not visited look like.
Present to others what areas look like.
Show different “alternatives” of the same place.

It was interesting to “take in” the site that well through the means of VR. Can become a good tool in planning.

Its convenient not having to travel to physically visit a site.
To be able to quickly put people in a situation or an area.

It can be used to view areas during different times of the year and days.
It provides a holistic view.

“This tool s very straightforward. It is difficult not to understand the environment.
Intuitive.

‘This is much better than still pictures.
‘The 360-degree video VR is a good instrument for visualising artefacts.
It easy to use in the planning and design process.

VR gives a holistic view and makes you understand the surfaces three-dimensionally.
‘The possibility of placing 3D objects in this view could support a better understanding of the object and the vision.
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Categories of the 360 video

production and VR use

Technology

Presentation

Keywords and their occurrence, regarding
perceived limitations, from a total of 21

participant responses

Requires technological expertise

Insufficient site details, comprehension
of changes over time

Dizziness and discomfort

Requires filming Blurred view Requires getting used to
Costly Feels static Individual experience
Battery life ‘Time consuming Risks preventing on-site visits

Risk of eye damage?
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