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The COVID-19 pandemic has encouraged a deeper exploration about how people deal with crisis. This paper presents one of the first pre- and during-pandemic assessments of urban green infrastructure (UGI) use across the same individuals with the aim of better understanding how people's use of different types of urban green and blue spaces changed during the pandemic. A baseline Public Participation GIS survey (N = 1,583 respondents) conducted in August 2018 was followed up in May 2020 (N = 418 identical respondents) during the COVID-19 pandemic in Helsinki, Finland. We found that residents were more likely to visit UGI closer to their home during the pandemic compared with before the pandemic. Patterns of use of UGI were associated with the quality of residential green areas, for example, people sought out forests nearby one's domicile and tended to avoid parks and recreation areas in order to escape the pressures of lockdown, socially distance and avoid overcrowding. However, spatial cluster analyses also revealed that the places mapped by intensive users of natural recreational areas and more outdoor oriented users became more dispersed during the pandemic, suggesting their active search for new types of UGI, including use of agricultural land and residential areas with high tree density cover. Our results further highlighted that some types of UGI such as more distant natural and semi-natural areas and blue spaces serve as critical infrastructure both before and during the pandemic. Natural and semi-natural areas experienced very little change in use. The presented results have implications for how planners design and manage green spaces to enable residents to cope with crises like pandemics into the future.
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INTRODUCTION

Interaction with both people and nature is essential to humans. Urban green infrastructure (UGI) supports everyday individual and group recreation, physical exercise and mental health (see reviews by Konijnendijk et al., 2013; Kabisch et al., 2015; Collins et al., 2020), including opportunities to cope with urban life through stress reduction (Hartig et al., 2003; Jiang et al., 2014; Ibes et al., 2018) and improved mood (Huynh and Torquati, 2019; Nisbet et al., 2019). The benefits people enjoy from nature may have been even more vital during the COVID-19 pandemic and associated lockdown and social restrictions. Various studies from cities around the world have indicated that physical exercise, spending time outdoors and restoration from increased mental stress, anxiety and feeling of isolation during lockdown, were essential for citizens in order to cope with the crisis (Grima et al., 2020; Lopez et al., 2020; Venter et al., 2020). For example, in a global survey, Pouso et al. (2020) found that while the pandemic detrimentally affected mental health, contact with nature helped people to cope, particularly those subject to extreme lockdown. Urban green spaces also have the potential to mitigate some of the negative health effects of COVID-19 restrictions on mobility and social interaction when combined with social distancing (Kluge et al., 2020), and enhance resilience of urban populations during the pandemic (Samuelsson et al., 2020).

Despite these benefits, there is a lack of clear signals concerning the changes in the importance of green spaces during the pandemic and how this translates into changes in the recreational use of UGI. The most evident and frequently reported change relates to the general increase in green space use (e.g., Derks et al., 2020; Rice et al., 2020). Notably, studies have also identified mixed results in visitation patterns in terms of frequency, activity types, temporal distribution of visits and distances travelled to recreate. A global analysis of urban park visitation highlighted that overall visits increased during the pandemic compared with a baseline before the outbreak, and areas that restricted social contacts were most strongly associated with increased park visitation (Geng et al., 2021). However, some cities faced no restrictions but continued to see marked increases in green space usage. For example, Oslo, Norway, has seen a 291% increase in outdoor recreation activity during the pandemic relative to a three year rolling average for the same days, particularly for pedestrians (walking, running, hiking) and cyclists (Venter et al., 2020). While increases tend to be most marked on remote trails, urban green spaces also increased in pedestrian activity (Venter et al., 2020). Initial Google COVID-19 Community Mobility Reports revealed that while urban park visitation has changed, the nature of change varies across cities (Ritchie et al., 2020). In Bonn, Germany, Derks et al. (2020) found changing patterns in visitation in urban forests with emergence of novel visitors, usage peaks in the afternoons and less clear distinction between weekdays and weekends. Other cities in the US, Israel, Italy, Slovenia and Spain experienced reduced usage of urban green spaces measured as decrease in frequency, duration and distance travelled to recreate (Rice et al., 2020; Ugolini et al., 2020). In the United States, a preliminary survey of access and usage of outdoor spaces during the pandemic showed that respondents significantly reduced their time spent recreating and tended to recreate closer to home, often in a 2 mile radius (Rice et al., 2020). The desire to socially distance was cited as the main reason for changing usage patterns. At the same time, in some large urban areas, residents were willing to travel long distances to access urban natural areas (Derks et al., 2020; Ugolini et al., 2020). Behavior changes were also observed in terms of outdoor activities undertaken with relative increase in some activities (e.g., physical exercise, relaxing and walking) and decrease in others considered risky or non-essential activities (e.g., meeting people or observing nature) (Morse et al., 2020; Ugolini et al., 2020).

In addition to being dependent on the user and activity type, outdoor recreation can be affected by urban density structure (e.g., Baró et al., 2015; Liu, W., et al., 2017) and realized through different spatial patterns situated in and influenced by a specific time and place (Andkjær and Arvidsen, 2015; Korpilo et al., 2018). However, few studies exist that examine changes in outdoor recreation during the COVID-19 pandemic in relation to different green space types. For example, Ugolini et al. (2020) found that some citizens in Spain, Israel and Croatia started using more tree-lined streets and urban gardens as potential refuge during the pandemic. In addition, there is still a lack of understanding of the variations and complexity in use among different user groups. Results from a study in Vermont, the U.S. indicated that although nature plays an important role in coping with crisis, engagement with nature through different activities and perceived importance of these interactions differed among populations (Morse et al., 2020). Activity preferences and values were significantly affected by geographical area, gender, income and employment status. Further, closures of urban parks during the pandemic tended to affect vulnerable groups more than others. Another report from the U.S. showed that stay-at-home orders have affected vulnerable groups who live in highly dense areas more than less vulnerable groups who have access to urban nature close to their homes (Slater et al., 2020). People who live in lower socio-economic areas tend to be more sedentary and face greater issues with access to green spaces (see Spencer et al., 2020 for a review). Also, vulnerable populations tend to contract COVID-19 at higher rates than less vulnerable people (Slater et al., 2020) and are disproportionately dying from the disease (Centers Disease Control Prevention., 2020; Yancy, 2020). In Finland, young adults were more concerned about the effects of the COVID-19 pandemic on their mental well-being, career/studies and economic situation than older people, and females were more concerned about their mental well-being than males (Ranta et al., 2020).

Variation in green space use during the COVID-19 pandemic could be also the result of individual behavior change or it can be influenced by variations in environmental quality. Thus, there is a critical need for research that assesses visitation behavior across the same individuals before and during the pandemic, and its association with urban green space type or quality. In this article, we aim to contribute to the growing amount of empirical studies that examine urban green space use for understanding how residents have coped with the COVID-19 crisis under particular governmental restrictions and socio-ecological contexts. The focus is on UGI because of the diverse social benefits of nature exposure. We present an empirical longitudinal study from Helsinki, Finland, in order to help fill in this important gap. We examine changes in citizens' outdoor recreational behavior before and during the COVID-19 pandemic and how these changes are affected by green space type, socio-demographics and perceived health. We question not only if citizens use different types of green spaces more or less, but also if they use green spaces in new ways. Understanding such emerging behavior can help gain better insight into the complexity of human engagement with nature during pandemics or other abrupt events. This knowledge is also becoming crucial in order to co-design more resilient green spaces and societies in the face of future pandemics. For example, it has recently been argued that the COVID-19 pandemic is changing our relationship with public space and it is projected to initiate changes in temporal and spatial patterns of daily use, potentially leading to new designs, uses and practices in green spaces (Honey-Rosés et al., 2020).



MATERIALS AND METHODS


Study Area and COVID-19 Pandemic Restrictions During Data Collection

The Helsinki Metropolitan Area (HMA) consists of four independent municipalities, Espoo, Helsinki, Kauniainen and Vantaa (Figure 1). Helsinki is the capital of Finland and forms with its surrounding three cities the capital region with a population of 1.2 million inhabitants (Statistics Finland, 2021).
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FIGURE 1. Map of the study area (Helsinki Metropolitan Area) and green infrastructure types used in the analysis.


During spring 2020, the Finnish government started applying recommendations and restrictions based on a special Act in order to delay the spreading of COVID-19. Finnish residents were urged to restrain from social contacts and travel only within Finland for essential reasons, maintain over a 1.5-meter safe distance to other people, wash hands, stay home if sick, follow distant working and avoid using public transport. Finnish government declared emergency powers legislation and public places, such as libraries, swimming halls and other sport places were closed from March 17, 2020 onwards. All public gatherings were limited to 10 persons and the majority of the sport clubs were also shut down. Schools moved to distance education, excluding pre-school education. All 70 and above year old residents were advised to self-quarantine. The borders of the Uusimaa region, which HMA is part of, were closed to restrict travelling between Uusimaa and the rest of the country. Restrictive measures started to deregulate in stages from 14 May 2020 onwards.



Sampling and Survey Design

Data used in this study were collected in two consecutive Public Participation GIS (PPGIS) surveys. The first phase (baseline survey, before the COVID-19 pandemic) took place in August 2018. Participants were recruited using a random sampling technique by sending postal invitations and a postcard reminder to 10,000 adults aged 18–65 years and living permanently in the HMA (data provided by Finnish Population Register Centre). Altogether 1,583 respondents participated in the survey resulting in a response rate of 16%.

Respondents of the baseline survey were then invited to participate in a follow-up survey in May 2020 during the COVID-19 pandemic. Respondents in both the baseline and the follow-up study were requested to map places that they frequently visit in their leisure-time, their primary residential location, questions related to socio-demographics, perceived health and well-being, and the financial and mobility influences of the COVID-19 pandemic (see Supplementary Material; Table 1 for list of all items). Respondents were also asked three open questions regarding the effect of COVID-19 pandemic on their outdoor recreation and active transportation. Overall, 490 respondents completed both the baseline and the follow-up surveys. In this study, respondents who had not mapped their home location and respondents who had relocated between the two surveys were excluded, resulting in a final sample of 418 respondents. These respondents were 57% female compared to 50% of the same age group in the HMA (Statistics Finland, 2021). In addition, respondents with tertiary education were over-represented, comprising 66% of the study respondents compared to 46% in the HMA (Statistics Finland, 2021).


Table 1. Green infrastructure classification used in the analysis.
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Analysis

Initial data cleaning of the mapped points was conducted in ArcGIS Pro 2.5. Respondents mapped altogether 2,386 and 1,849 outdoor locations in the baseline (before the COVID-19 pandemic) and follow-up (during the COVID-19 pandemic) survey respectively. Points located outside HMA were excluded from the analysis (150 at baseline or 6.3% and 146 at follow-up = 7.8%). Then, data analysis was performed in three steps: overall spatial trends in changes in outdoor behavior, group-specific trends in changes in outdoor behavior and analysis of the qualitative data.


Analysis of Overall Spatial Trends

First, we examined changes in recreational behavior of all respondents (before and during the pandemic) including:

1) Change in use of green/blue spaces by examining the distribution of outdoor recreational points on different types of UGI

2) Change in network distance of recreational points to one's home in relation to UGI type.

To analyses change in green/blue space use, we classified the point data according to the urban green infrastructure type they are located in. The UGI classification included several categories adapted from Pauleit et al. (2019): Natural and semi-natural areas, Agricultural land, Parks and recreational areas, Residential green with low/high tree cover density (TCD), and Blue spaces (see Figure 1; Table 1). All categories were based on ready-made available datasets from Urban Atlas 2018 (EEA, 2021) and the Finnish Environmental Institute (2020) except the Residential green with low/high tree cover density (TCD), which was created to investigate in more detail the role of different types of residential green spaces during the COVID-19 pandemic. This category was derived using the Urban Atlas land use and Tree Cover Density data. From the Urban Atlas land use data, we extracted the “Urban Fabric” land use category, which includes polygons of urban areas with dominant residential use or inner-city areas with central business district and residential use. Furthermore, we used the TCD data, which is a raster product providing information on the proportional tree crown coverage per 10 * 10 m raster. We chose all the tree cover raster cells with value higher than zero and finally calculated the share of these raster cells within each Urban Fabric polygon. This category was then divided into two sub-categories of Residential green with low/high tree cover density (TCD) based on the 12.01% median value. Visual inspection of the data confirmed this threshold to be appropriate for the analysis since it was able to differentiate between residential green spaces with low vegetation and tree cover (e.g., street trees, urban gardens, grass lawns and other low vegetation spaces between and around residential areas) and larger nearby forests around apartment building-dominant residential areas (in Finnish “metsälähiö”), which are typical for Helsinki's peri-urban structure.

We further calculated frequencies of mapped points per UGI type and mean distances of mapped points to one's home using Network Distance Analysis in ArcGIS Pro. Euclidean distance from each point to the nearest road network (using the ArcGIS online HERE map as network data) was calculated and added to the measured network distances as a snap distance correction. Then, non-parametric Mann-Whitney U test in SPSS was used to compare frequencies of mapped points in UGI type and the network distances of mapped points to home between the baseline and follow-up surveys.



Analysis of Group-Specific Trends

As a next step, we explored if respondents can be grouped according to the above changes in recreational behavior using a K-means clustering analysis on the standardized values of change variables (see Supplementary Material; Table 2). The initial number of clusters (k = 2) was visually determined using a plot of WSS-vs.-k (Within-Cluster-Sum of Squared Errors (WSS) for different values of k). Other values of k were also tried in the clustering analysis and the k = 2 was verified as an appropriate number of clusters (i.e., groups of respondents). Following the identification of the two clusters (hereafter named as “groups”), we used Mann-Witney U tests to analyses differences in the mapping activity (i.e., number of mapped points) between the two groups and Wilcoxon signed-rank tests to analyses how this mapping activity changed before and during the COVID-19 pandemic. We also tested for differences between the two groups according to changes in the number of mapped points in the different types of green/blue spaces and the distance of these points to one's home using One-way ANOVA.


Table 2. Changes in distribution of mapped outdoor points and distances of mapped points to ones' home between baseline survey (before the COVID-19 pandemic) and follow-up survey (during the COVID-19 pandemic).
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We then used a N-1 Chi-squared test (Campbell, 2007) to examine how the two groups differ in terms of a variety of individual variables gathered in the PPGIS survey. These included a number of socio-demographic variables: age, gender, income, occupation, education, household type, car ownership and a number of situational variables: personal finances affected by COVID-19, being in quarantine, distance working, stated physical activity and perceived mental and physical health. We also tested if there are significant differences between the urban zone types at place of residence for respondents in the two clusters. The urban zone layer was derived from the classification provided by Finnish Environment Institute (YKR). This dataset includes a 250 × 250 m grid based classification that divides urban regions into zones according to their location in the urban form (e.g., in relation to the center), and travel-relevant variables, population characteristics, public transportation supply, building stock, and jobs (Söderström et al., 2015). Classes include: car zone, public transport zone, intensive public transport zone, fringe of central pedestrian zone, pedestrian zone, and center or sub center. Mann-Whitney U tests were used to assess median differences in perceived health outcomes between the two groups at baseline (before the COVID-19 pandemic) and follow-up (during the COVID-19 pandemic) and Wilcoxon signed rank tests—to identify median changes in health outcomes between baseline and follow-up for each group.

As a last step, we implemented a density-based clustering method in ArcGIS Pro to analyses and visualize differences in the spatial distribution of mapped places for outdoor recreation between the two groups of respondents. This method spatially locates areas where respondents had mapped the highest density of places (i.e., clusters), while showing trends in dispersion of all other points that do not fall within these clusters (Muñoz et al., 2019). To identify the clusters, a defined distance (DBSCAN) algorithm provided by ArcGIS Pro was used, which found clusters of points that are in close proximity based on a search distance of 500 m and a minimum number of 10 points per cluster. The search radius was selected based on the mean Euclidean distance between all points and a heuristic approach of testing different distances that provide the optimal visual representation.



Qualitative Data Analysis

To gain further insight into the reasons why some changes in outdoor recreation have occurred during the pandemic, we further analyzed the three open questions included in the survey: “Has the COVID-19 pandemic affected your leisure-time physical activity? If so, how, and why?,” “Has the COVID-19 pandemic affected your use of active transportation? If so, how, and why? and “Has the COVID-19 pandemic affected the way you perceived or use you near-by-green and nature areas? If so, how, and why?”. The majority of respondents, 308 out of 490 (62.9%) answered the two open questions by giving some information how their use of green spaces had changed during the COVID-19 pandemic. Using thematic analysis (Corbin and Strauss, 2008), we analyzed and classified the responses to these three open questions into the following categories:

1) Changed frequency of use: (Increased use/Use stayed the same level/Decreased use)

2) Changed relationships with other users (Avoid other people in green spaces/Meet people in green spaces)

3) Changed ways of use (Explore new types of green spaces/New recreational experiences).

We further compared the two identified groups from the K-means cluster analysis (see Analysis of group-specific trends) according to responses in these three categories (changed frequency of use, changed relationships with others and changed ways of use) and then tested for significant differences using a Chi-squared test.





RESULTS


Overall Changes in Outdoor Behavior Before and During the COVID-19 Pandemic

Several general trends in changes of recreational behavior during the COVID-19 pandemic could be observed among all survey respondents (Table 2). First, there was a significant decrease in distance of recreational points to one's home from 5.43 to 4.07 km (p < 0.001). Decrease in distances were found for all UGI categories suggesting that respondents were recreating in areas closer to home during the pandemic. In addition, use of Parks and recreational areas significantly decreased both in terms of number of mapped points (p = 0.001) and distances travelled (p < 0.001). The travelling distances to Blue spaces also decreased significantly (p < 0.001). Strong preferences for residential green areas with high TCD (i.e., nearby forests) were indicated by a significant increase of mapped points during the pandemic (p < 0.001). To the contrary, respondents mapped a significantly lower number of points in residential green areas with low TCD (p < 0.001).



Group-Specific Changes in Outdoor Behavior

The K-means clustering analysis (based on the place variables as in Table 2 in the Supplementary Material) identified two distinct clusters of respondents (hereafter referred as Group 1 and Group 2). Respondents in Group 1 (N = 98) mapped on average 6.45 (SD 4.46) places at baseline and 4.46 (SD 3.93) at follow-up, while Group 2 (N = 332) respondents - on average 2.91 (SD 2.56) at baseline and 3.12 (SD 2.62) at follow-up. Respondents in Group 1 mapped significantly more places than Group 2 both at baseline (U = 7890.50, p < 0.001) and at follow-up (U = 12784.50, p = 0.007). Respondents in Group 1 also mapped significantly fewer places for outdoor recreation at follow-up than at baseline (z = −3.92, p < 0.001), while there was no significant change in the mapping activity of respondents in Group 2 (z = 1.59, p = 0.111).

Group 1 showed high variation and an average decrease in green/blue space use (−0.200 of standardized score), except for Agricultural land and Residential green areas with high TCD. On the contrary, Group 2, which the majority of the respondents fell into, showed low variation and an average increase in green/blue space use (0.061), except for Agricultural land and Residential green areas with high TCD, similar to Group 1 (Figure 2). Results from the One-way ANOVA showed that these changes in recreational behavior between the two groups were significant for all green infrastructure categories, with the exception of residential areas with high TCD (both for number of mapped points and distances travelled) (see Supplementary Material; Table 2). The distance of mapped places in Parks and recreational areas category from respondents' home also did not differ significantly between the two groups (Supplementary Material; Table 2).
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FIGURE 2. (A) Changes in number of mapped places for outdoor recreation and (B) Changes in mean distances (in meters) of mapped places to one's home per group. X-axis refers to standardized scores of changes, where values <0 show decrease and >0 increase in numbers/distances during the COVID-19 pandemic.


In terms of socio-demographics, significant differences were found between the two groups in relation to several variables: age (30–39 years old = 3.967, p = 0.040; 50–59 years old = 9.463, p = 0.002; 60–66 years old = 4.917, p = 0.026), having children (6.97, p = 0.008), employment (3.811, p = 0.050), physical activity (Baseline) (4.63, p = 0.031), perceived health compared to the other in the same age group (follow-up) and overall physical health (baseline) (see Table 2; Supplementary Material; Table 3 for results for all variables). No statistically significant differences were observed for other socio-demographic variables or the urban zone type around one's domicile (Supplementary Material; Table 3).


Table 3. Differences in changes of self-reported health variables between the two respondent groups.

[image: Table 3]

Respondents in Group 1 were generally older than those in Group 2 (>50 years old = 51.5%, and 45.6% respectively), had higher proportion of employed individuals (69.4% compared to 58.4% for Group 2), and more often reported to live together with a partner and child/children (37.8 % for Group 1 and 24.4% for Group 2). In addition, respondents in Group 1 had higher median scores in all self-reported health variables both before and during the COVID-19 pandemic (Table 3). Significant differences were observed between self-rated physical health at baseline (U = 10588.50, p = 0.025) and self-rated general health compared to others of the same age at follow-up (U = 10028.00, p = 0.001). For both groups, life satisfaction decreased significantly between baseline and follow-up (Group 1: Z = −2.21, p = 0.027; Group 2: Z = −3.87, p < 0.001). Self-rated physical health decreased significantly for Group 2 (Z = 2.08, p = 0.037).

The density-based spatial clustering illustrated further the differences between the two groups of respondents. Overall, the spatial distribution of mapped recreational places for Group 1 was very dispersed both before and during the pandemic. For Group 1, eight clusters including one middle size cluster (N = 192 points) and seven small size clusters (N = 10–15) were identified based on the spatial data before the pandemic, while the total number of sparse, not clustered points contributed to 66.4% of all data (N = 552). During the pandemic, clustering decreased even further and only two small clusters (N = 11–12 points) were identified, while the number of not clustered points increased to 95.6% of all points (N = 502).

A higher number of density-based clusters were located for Group 2 compared to Group 1. In total 20 clusters of mapped places were identified before the COVID-19 pandemic including one large size (N = 461) and 19 small clusters (N = 10–28), while the number of points not in clusters contributed to 45.8% of all data (N = 643). Similar to Group 1, the spatial data during the pandemic showed higher number of sparse points N = 708 (60.1% of all points), while the number of clusters decreased to 15 including one medium size (N = 210) and 14 small clusters (N = 10–33).

Figure 3 below visualizes the result of the density-based clustering analysis with a close-up view of the central part of Helsinki. Mapped recreational places of Group 1 mostly clustered in the city centre before the COVID-19 pandemic, yet mapping and spatial clustering of places in the city centre decreased during the pandemic. A similar trend can be observed for Group 2 however, the spatial patterns are different. For example, during the COVID-19 pandemic there was more clustering of mapped points in Parks and recreational areas like in Helsinki's Central park (Figure 3). Such increase in use of Parks and recreational areas for respondents in Group 2 was also indicated from the results of the K-means clustering analysis (see Figure 2).
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FIGURE 3. A close up map of Helsinki's city centre showing the density-based clusters of mapped recreational places identified for the two groups of respondents. Different clusters and their sizes are represented by different colours. Points not in clusters refers to the number of sparse points, not part of any clusters.




Stated Reasons for Changes in Outdoor Behavior During the COVID-19 Pandemic

Table 4 summarizes the proportional differences among respondents in Groups 1 and 2 who reported changing use patterns during the pandemic related to the three identified categories (changed frequency of use, changed relationship with other users, changed ways of use). Significant difference was found only for changed ways of use of green spaces. Group 1 was more likely to search for new types of green spaces given that 18.8% of respondents reported this kind of behavior change. This further complements the results of the spatial and cluster analysis that indicated more variation in the types of green space used by Group 1 compared to Group 2 during the pandemic. On the other hand, respondents from Group 2 reported more often (11.0%) to have found new experiences in natural settings during the pandemic.


Table 4. Reported changes in green space use among respondents in Group 1 and Group 2.
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In addition, the increased importance of nature and especially nearby forests was often mentioned by respondents in both groups. For example, respondents stated:

“Covid pandemic has helped find new natural settings close to home. The importance of nature has also grown, because in addition to home, it is pretty much the only place where you can spend your free time.” (Respondent, Group 1)

“Nearby nature has become more familiar to me and enriched my life.”(Respondent, Group 1)

“Nearby nature gives a lot of strength and it is so calming to walk in nature. I have found many new paths” (Respondent, Group 1)

“I use and follow more intensively the nearby natural environment. I enjoy views from windows and birds singing more than normally.” (Respondent, Group 2)

“I visit almost daily the nearby forest” (Respondent, Group 2)




DISCUSSION

The overarching aim of this paper was to examine how, under particular governmental restrictions and socio-ecological context, residents in the Helsinki Metropolitan Area have coped with the COVID-19 crisis by using different urban green and blue spaces in terms of both distance from domicile and quality of space. The results suggest that residents were more likely to visit UGI closer to their home during the pandemic compared to before the pandemic, complementing previous research (e.g., Rice et al., 2020; Ugolini et al., 2020). However, unlike previous work, we found that patterns of use of UGI were associated with the quality of residential green areas (here measured by tree cover density [TCD]). Residents were more likely to visit residential areas nearby their home with high TCD during the pandemic compared to before the pandemic, highlighting the importance of forests nearby one's domicile to coping behavior. It supports recent wider studies were old-grown, tree-rich parks are used more frequently for experiencing nature while less tree-rich parks are used more for socializing and having barbeques (Kabisch et al., 2021). The qualitative results further suggest that nearby forests become focal points for recovery and escape during pandemics. People also tended to avoid parks and recreation areas in order to escape the pressures of lockdown, ensure social distance and avoid overcrowding that was reported by Finnish media during the pandemic, while also stated by many respondents in our PPGIS survey (Table 4). These findings expand prospect refuge theory which posits that people derive feelings of safety and pleasure from inhabiting environments that offer both views and a sense of enclosure (Appleton, 1984; Millward and Appleton, 1988; Ellard, 2015). This theory has been used in preference studies to justify why nearby nature is commonly found to be more preferred than primary or within refuge nature. In other words, edges are preferred (Ruddell and Hammitt, 1987). In our case, nearby nature, not necessarily edges of forests, are preferred in times of the pandemic.

Our results further highlighted that some types of UGI such as more distant natural/semi-natural areas and blue spaces serve as critical infrastructure both before and during the pandemic. Natural and semi-natural areas experienced very little change in use. This suggests their fundamental role for human well-being both in everyday life (Andkjær and Arvidsen, 2015) and under exceptional circumstances such as the global COVID-19 pandemic (Derks et al., 2020). Similarly, we found no significant difference between the number of mapped places for recreation in or near blue spaces before and during the pandemic. Both before and during the pandemic, the average distance travelled to recreate in/near blue areas was highest among all UGI types (8.55 and 5.16 km respectively), which is in line with previous research by Laatikainen et al. (2015), who found average road network distance (home to mapped places near water) of 6.29 km mapped by 2,151 Helsinki Metropolitan Area citizens. Both of these result highlight the importance of large public blue infrastructure like recreational coastal areas and the willingness of residents to travel to such areas, especially when owning a car (Laatikainen et al., 2015).

A significant strength of this study is the use of a longitudinal dataset capturing changes in UGI use across the same individuals. To analyses individual behavior changes, we developed a unique clustering approach to assess COVID-19 coping behavior and response to crisis, which considers the varying ways of use of UGI, socio-demographic factors, urban zone type and well-being indicators. The identified two groups were associated with a spectrum of differences in coping behavior and socio-demographics. The majority of respondents belonged to Group 2. These green space users showed no significant change in mapping recreational places before and during the COVID-19 pandemic, but started to find new ways to use UGI. Their recreational use was concentrated in popular places in Helsinki (such as the City Centre or Helsinki's Central park), although during the pandemic they also searched for green areas outside of them. The self-rated health of this group decreased during the pandemic.

Group 1 members were older, more likely to be employed and having a partner and children than members of the other group. Respondents in Group 1 mapped clearly more green places both before and after the COVID-19 pandemic. Their perceived health was also higher and it did not decrease during the pandemic. The members of this group were probably more intensive users of natural recreational areas and more outdoor oriented users. It was therefore somewhat surprising to see the number of mapped places of this group decline during the pandemic. The decrease in use might be due to social distancing and search for solitude nature experiences being more important for this group. Although both groups expressed concerns toward other users of UGI, Group 2 also used green areas for socialization. Whether the groups differ in terms of risk tolerance during the pandemic (see Landry et al., 2020) and crowding tolerance (Arnberger and Haider, 2005) would warrant further research.

The mapped recreational places of Group 1 were very spatially dispersed already before the pandemic and this tendency strengthened during the pandemic. This trend together with their active search for new types of green areas suggests a higher flexibility and variation in terms of using different types of UGI e.g., agricultural land and residential green areas with high TCD. Several potential factors may be associated with the higher “coping flexibility” of Group 1. Being generally in better mental and physical health could mean higher resilience to crisis, as supported by wider scholarship on social resilience. Social resilience is used as a way to measure the ability of groups or communities to cope with external stresses and disturbances as a result of social, political and environmental change (see Adger, 2000). Being resilient and having the ability to adapt contributes to positive life choices during the COVID-19 pandemic (Dorado Barbé et al., 2021). When faced with threats, stressors or adversity, resilient people can improve their adaptation and well-being strategies (Luthar et al., 2015).


Limitations and Future Research

Our study has several important limitations. First, in this article, the use of green space is analyzed only through the number of mapped recreational points and the distance of these points to one's home. However, we did not have data on actual time spent, the frequency of visits or the actual use of these places in terms of activity, all of which can contribute to deeper understanding of changes in individual and user group behavior. The lack of such data could also explain some discrepancies in findings between our quantitative and qualitative results. For example, most respondents in Group 1 stated that their frequency of recreational visits stayed the same or increased, while results of the UGI spatial analysis indicated that these respondents mapped significantly less recreational points. A possible explanation could be that people belonging to this group visited less places during the pandemic, but used them more frequently and more intensively.

Although we found no significant difference between the two user groups in terms of the urban zone type they live in, another important factor that is worth further investigation is green space accessibility and its role as a moderator of recreational use during the pandemic especially across different socio-demographic groups (see e.g., Kabisch and Haase, 2014; Kabisch et al., 2016; Kronenberg et al., 2020; Suárez et al., 2020). Future research also needs more longitudinal studies like the one we have presented here, possibly expanding beyond several years after the COVID-19 pandemic in order to examine whether changes in recreational behavior actually sustain, a key point for our own further work in this field.



Implications for UGI Management

The study suggests UGI's role as critical urban infrastructure during the COVID-19 pandemic providing opportunities of recreation, restoration and escape during the pandemic. UGI planning and management should take a nuanced and adaptive approach that caters for the diverse needs, activities and preferences of users that, similar to the two groups in our study, can be identified even in small geographies and among relatively homogenous populations (Morse et al., 2020). This would allow UGI to be better utilized to promote psychological restoration and a level of remoteness or solitude that could remain key priorities in future pandemics, but also to provide opportunities for social interaction and group activities as part of everyday life. Restoration and escape are often associated with spaciousness i.e., the feeling of being and moving in nature without feeling boundaries (e.g., Kaplan and Kaplan, 1989; Van Herzele and Wiedeman, 2003). Spaciousness could be sought for in large open spaces such as agricultural land for some users (Group 1 in this study) and water areas for others (Group 2). Similarly, Kajosaari and Pasanen (2021) found that in the Helsinki Metropolitan Area, restorative experiences took place most often near blue areas and in large (>30 ha) recreational forests. In the light of restrictions on everyday movement, the mental construction of forests as the recovery of agency and control plays an important role in high visitation of forests (Weinbrenner et al., 2021), and these factors may also play a role in higher rates of visitation to areas of high tree cover density.

Spaciousness could be also cognitive i.e., experienced as being away from everyday life (Kaplan and Kaplan, 1989) and forgetting about spatial and temporal limits even in large-treed forests (Grahn, 1991). However, urban fragmentation interrupts the perception of space as a whole and built infrastructure such as tall or large buildings can disrupt continuity in visual perception and the sense of place as a whole (Van Herzele and Wiedeman, 2003). It is therefore crucial from a planning and management perspective to maintain current or establish new corridors to enable both habitat and social connectivity between different types of UGI and blue spaces which are accessible by different user groups.

Accessibility and use of areas with different types of TCD may be influenced by other factors beyond the scope of this study including employment status, basic value orientations, childhood experience in nature, environmental conditions and socialization processes. Therefore, future work would benefit from the development of multi-level models for explaining green area visitation during times of shock, taking account of individual and collective processes that influence behavioral intentions and actual behavior. One option would be to further explore the role of multi-level values on green space visitation (building on van Riper et al., 2019). Another option would be to integrate individual, organizational, and interpersonal/relational factors in models of green space visitation in addition to environmental factors such as proximity of leisure facilities, road connectivity, population density, seasonal changes, altitude and traffic speed (see (Liu H. et al., 2017) for overview; Rice and Pan, 2021). Also, it would be worthwhile repeating this same study by exploring a range of different leisure activities, recognizing that park visitation is influenced by leisure motivation (Kabisch et al., 2021).

Our study also exemplifies the need to monitor the spatial-temporal aspects of recreational use to reconcile conservation of natural resources and high demand for recreation (Korpilo et al., 2018) also in exceptional circumstances such as future pandemics. For example, during the COVID-19 pandemic Helsinki's residents started to use nearby urban forests more than before the pandemic, but they were often perceived as overcrowded. This coupled with the fact that small urban forests generally experience heavy pressure from fragmentation and intense everyday recreational use (Lehvävirta et al., 2014; Korpilo et al., 2017) can exacerbate negative ecological and social impacts such as trampling, creation and spatial dispersion of informal paths, and overcrowding and conflicts among different users (Arnberger and Haider, 2005; Lehvävirta et al., 2014; Santos et al., 2016; Korpilo et al., 2017). Here, a connectivity approach that considers the quantity, quality and spatial organization of UGI and nature access can also play a role in relieving intense use from some areas under specific conditions, while also increasing overall social and ecological resilience in future pandemics (Lopez et al., 2020; Samuelsson et al., 2020).
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Group 1 Group 2 p-value Group 1 Group 2 p-value
Life satisfaction® (median) 8.08 7.88 - 7.68 7.48
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General health compared to others in the same age group® (median) 384 364 - 3.64* 333" p=0.001
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a*Overall, how satisfied are you with Ife as a whole these days?" Measured on a scale from 1 (‘not at alf) to 10 (‘completely satisfied’).

b*How would you rate your general health?” Measured on & scale from 1 (‘very poor’) to 5 (*very good).

“How would you rate your general health compared to that of others of your own age?” Measured on a scale from 1 (‘much worse’) to § (‘much better’).

9How would you rate your physical health?” Measured on a scale from 1 (*very poor’) to 5 (“very good).

*“Have you experienced feelings of loneliness during the COVID-19 pandemic?” Measured on a scale from 1 (‘much less than before the pandemic’) to § (much more than before
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*Bolded values are significant (o < 0.05).
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Natural and semi natural areas
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Description

Points located within natural and semi natural areas such as
forests, open spaces with little or no vegetation, and wetlands
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permanent crops, and pastures

Points located in urban parks and outdoor sports and leisure
fagiities

Points located in urban fabric areas (mostly residential and
commercial) with associated vegetation (in-between parks,
gardens and planted areas). This category s divided into two
sub-categories based on low/high tree cover density (threshold
derived from the baseline median 12.02%)

Points located within 50m of sea, river, or lakeside and not
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Dataset

Urban Atlas 2018, classes 31000, 32000,
33000, and 40000

Urban Atlas 2018, classes 21000, 22000, and
23000

Urban Atlas 2018, classes 14100 and 14200
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11220, 11230, 11240 and Tree Cover Density
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Shorelines 2020, The Finnish Environment
Institute
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Changed frequency
Decreased 3
Stayed the same 34
Increased 38

Changed relationship with other users

Avoid people 11
Meet people 1

Changed way of use

New types of green spaces 15
New recreational experiences 5

%

38

425

475

138

13

18.8*

6.3

Group 2 Pearson chi-square
N %

18 79 -

a3 41.0

90 39.6

32 141 -

7 34

28 123 29,df=1,p=0086

25

11.0*

Examples of respondents’ statements

“Covid hasn't really changed the ways | use nature except for
reduced number of evening walks.” (Respondent, Group 2)
“Not really changed, we go to forest more than going to
shopping malls or cinemas which might be potential hotspots
for spreading virus at the moment.” (Respondent, Group 2)
“lused to go to green areas a ot alreadiy before Covid but
now | really go even more.” (Respondent, Group 1)

“l avoid parks with a lot of people. Also in jogging routes | keep
distance to other people.” (Respondent, Group 1)

“Yes, usual nature areas are now packed with people so |
have to visit them outside the ‘rush hours” (Respondent,
Group 2)

“Walking outdoors is the only way to meet my parents, so we
take long walks in the nature every week.” (Respondent,
Group 2)

“Covid pandemic has helped finding new natural settings
close to home.” (Respondent, Group 1)

“lthink that | now observe more the progress of spring and
the singing of birds.” (Respondent, Group 2)

The percentages have been calculated based on the number of respondents in groups 1 (N = 80) and 2 (N = 227) who had responded to the open questions.

*Bolded values are significant (o < 0.10).
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