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Abstract: This paper reports the results of an exploratory study carried out in Birjand, Iran, during the
first year of the COVID-19 pandemic. The aim of the study was to explore the behavioral change in
the use and the motivation to visit a green space (public or private) during the pandemic as compared
to the pre-pandemic period, the effect of green spaces (private and public) on users’ feelings, the
relations between the extent to which the access to green spaces was missed, and characteristics of
respondents and the place they live. A survey was carried out through an online questionnaire in
winter 2020 and about 400 responses were collected. The results showed a decrease in visitation
of public green spaces during the pandemic, and higher visitation of private green spaces such
as gardens or courtyards by those with access. In addition, both public and private green spaces
enhance positive feelings and decrease the negative ones. Respondents missed access to green spaces,
especially when their visitation before the pandemic was high, and women missed them more than
men. Therefore, private green spaces might represent an opportunity for psychological respite in
time of a pandemic, but also for socialization. The study reports respondents’ useful suggestions
for urban landscape planning for the city of Birjand that might also be useful for other cities in dry
lands; improving the quality of green spaces beyond the quantity may play a role in enhancing the
connection to nature in the time of a pandemic, with positive effects on mental health, and this can
also can improve recreation opportunities and reduce inequalities.

Keywords: feelings; green areas access; private greenery; public greenery; landscape planning;
urban planning

1. Introduction

1.1. COVID-19 and Urban Green Spaces

The emergence of the COVID-19 pandemic as a global crisis deprived people world-
wide of many usual activities, due to governmental restrictions set to limit social gatherings
and crowding and to avoid contagion. People experienced to some extent measures of
lockdowns, with some governments specifically preventing also possibility of visiting
public green spaces for a prolonged period of time [1,2], while in other countries visiting
green spaces was allowed. Although many people were afraid to use them [3], in general
there was a great demand for urban green space [4]. In the US the public health authorities
recommended to design and implement social distancing guidelines specifically for visiting
parks and closely monitor people’s behaviors and travel patterns to parks [5]. Indeed,
the pandemic changed the way many people viewed and interacted with the natural
environment and UGS [6]. For example, in Europe going to UGS for reasons that could be
considered as non-essential, such as observing nature or meeting people-which could pose
a risk for possible contagion, decreased dramatically, while UGS were used for physical
activities, passing through them to reach a destination or for taking kids outdoors and by
dog walkers [1]. In a study carried out in Tokyo (Japan), the use of UGS changed according

Land 2021, 10, 1085. https://doi.org/10.3390/land10101085 https://www.mdpi.com/journal/land
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to lifestyles and user typologies, who visited specific green spaces depending on their
characteristics and their stress-reducing functions [7].

In general, it seems that in the countries where access to UGS was allowed, the use of
UGS increased [8], although there were also evidences that UGS use was influenced by the
perception of contagion risk. For instance, in New York City, Lopez et al. [9] found that
most surveyed users declared to visit UGS less often than before the pandemic because
of the crowds and low social distancing. This can be obviously exacerbated by the UGS
density and accessibility within a town or neighborhood, and the presence of a private
green space [10]. For example, UK and US parks and gardens remained open, although in
many big cities this evidenced the inequalities in UGS access between neighborhoods–with
communities characterized by socio-economic disadvantages such as lower income, and
often with higher ethnic diversity, suffering inadequate quality, functionality and location
of UGS [11,12]. Similar results were found in Mexico City [13], where low access to UGS
has prevented their use especially in low-income neighborhoods and by women who were
also scared by the risk of contagion.

This situation highlighted the significant role that urban nature can play in the health
and wellbeing of urban dwellers [14–17]. It is acknowledged how urban green spaces
(UGS) in both private and public forms have positive socio-ecological benefits: they provide
opportunities for social interactions [18–20], improve numerous health and well-being
indicators [14,21–26], and enhance the air quality and thermal comfort in the urban envi-
ronment [27–29]. Thus, UGS represent a social right that public policy should guarantee,
by enhancing equity in access to nature, especially on public lands [30–34]. Also residential
yards provide access to nature, and in other studies have been demonstrated as having an
important role [35–37] in providing moments of respite, especially during such crises. Ma,
Lam, Cheung, & Fok [38] highlighted the importance of accessible natural green areas as
they represent an opportunity to withstand the detrimental psychological effects of the
pandemic (fear for contagion, anxiety), facilitating the adaptation and resilience of people
in term of both mental and physical heath, with consequences in both the short and long
run. Maintaining physical activity also has a potential buffering effect against COVID-19
related consequences, and on increasing the immune vigilance [39–42]. In contrast, the
restrictions on movement and consequent reduction of physical activity resulting from
governmental decisions induced further consequences: in Canada, the majority of children
and youth decreased their outdoor activities during the COVID-19 pandemic, increased
their screen time on digital devices and other sedentary behaviors [43]; in Brazil, those who
reduced their level of physical activity revealed higher levels of mood confusions [44].

The COVID-19 crisis presents an exceptional opportunity for policy makers to take
transformative actions regarding appropriate behaviors and adaptative rules to counter
the spread of the virus [32] in relation to the use of public spaces, particularly urban green
spaces. COVID-19 is also an opportunity to reflect about the spatial distribution of the
urban fabric in terms of urban planning [45], urban greening policy and UGS design [46].
Knowing more about the usage and perception of the urban spaces during such a crisis
can help define strategies to mitigate the effects of the pandemic [46] and develop urban
planning approaches aimed to decrease the inequalities towards poor, marginalized, and
vulnerable groups, and it is even an impetus to start a green revolution in terms of green
mobility (i.e., cycling and walking) [47], and to rethink the nature of urban space for safer
and more sustainable cities [48,49].

1.2. The COVID-19 Pandemic in Iran

Iran was the second country to experience fatalities due to COVID-19, declaring
two deaths on 18 February 2020 (less than 50 days after the first fatalities in China), and
during the first wave of the pandemic (February 2020–April 2021) it counted the highest
number of cases and deaths among the Eastern Mediterranean countries [50]. The situation
was exacerbated by the political and economic sanctions imposed on the country [51].
In response to COVID-19, from February to April 2020 the government cancelled public
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events, closed schools, universities, shopping centers, bazaars, and holy shrines, and
banned festival celebrations. Government restrictions were gradually eased from late April
2020, although the number of new cases increased again in May with new peaks reported
in July and December 2020 [52]. During the whole year of 2020, theatres, swimming
pools, saunas, beauty salons, schools and universities were closed most of the time, and
cultural and sports gatherings were banned, though most of the mosques remained open.
In contrast, urban parks, gardens and other types of green infrastructure remained open to
the public, though access was defined by health protocols, such as social distancing and
other rules [51].

1.3. Context of the Study

During the recent decades, urban expansion in Iran has caused a dramatic decrease
in UGS [53–55], especially in cities located in a dry climate zones, where urban planning
has been occurring without an appropriate consideration of public green space [56]. This
has yielded high disparities in the distribution of urban parks and contributed to citizens’
unequal access to UGS [57].

In this study, the authors focused on the city of Birjand, located in a highly strategic
position in the East of the country, at an elevation of 1491 m. It is characterized by a
cold desert climate with extreme drought: an average of 150 mm annual rainfall and
temperature extremes of 44 ◦C in the summer and −15 ◦C in the winter.

Birjand has a limited number of newly-established contemporary urban parks, but
counts many tree-lined streets with pine trees (mostly Pinus nigra) which have been planted
since the 1940s, forming the green landscape of Birjand. The first city park, called the Na-
tional Garden, was established in those years while the city entrance park was established
in the early 1970s [58].

In the last 30 years of urban development, several new neighborhoods have been built,
but only a few small parks have been established in these areas. Moreover, between 1997
and 2020, the population increased from 133,474 inhabitants to about 200,000 people (an
annual growth rate of 1.49%), the city surface expanded from 1690 hectares to 3630 hectares
(becoming 2.14 times larger) (Figure 1), while in contrast, UGS increased by only 1.6 times
(from 160 to 253.54 hectares) [59] (Table S1). The absence of an urban greening policy
permitted neighborhoods to grow denser without incorporating green spaces in any mean-
ingful way. Additionally, despite an enhancement of the green space per capita from about
12 m2 to 13.8 m2 during the mentioned period, even the access to private green spaces has
decreased. People used to have access to nature through the private yards, but the mass
construction pattern especially in the last decade has favored housing without private
green space, greater building density and the transformation of yards into parking lots [60].
This caused UGS to be insufficiently accessible to urban dwellers, as large urban are parks
are usually too far away.

At the same time, many historical gardens such as the landscape heritage gardens
have been restored and opened to the public, and they represent the most visited green
spaces together with the parks (Figure 2).
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Figure 1. Map of Birjand, old town (grey), urban expansion (light yellow), parks and green spaces
(dark green), and planned green spaces (light green) [61].

Today, the city is divided into two districts and counts 57 neighborhoods: 24 located in
District 1, and 33 in District 2. District 1 has an area of 1798 hectares, 88,846 inhabitants and
33.02 ha of green spaces while District 2 has an area of 1831 hectares, 111,091 inhabitants
and 47.63 ha of green spaces (Table S2). In general, green space per capita, per capita
income, property prices and preference for living are higher in District 2 than in District 1
(Table S3) [62].

1.4. Hypotheses and Aims of the Current Study

The benefits of green spaces in a harsh climate are well acknowledged [34,61,63].
However, despite the possibility for Iranian citizens to visit UGS during the pandemic,
we hypothesized that the COVID-19 crisis and related government measures may have
fundamentally changed the public’s use of UGS, with consequent questions about the
general public’s appreciation of UGS services and benefits [1,64] and the role of public vs.
private green spaces. Knowing more about it can aid policy making to design green spaces
as a form of “spatial medicine” [65,66] by ensuring safe and unrestricted use of green areas
during the next predictable crises [67–69].

The study aimed at exploring the following aspects concerning visitors of public and
private green spaces in the town of Birjand: (i) the behavioral changes in the use and in the
motivation to visit a green space during the pandemic, as compared to the pre-pandemic
period; (ii) the feelings (positive/negative) perceived in a green space; (iii) the extent to
which access to a public green space during the pandemic was missed by users; and (iv) the
perception of meaningful ecosystem services and benefits connected to green spaces. This
was done through an exploratory survey targeting the inhabitants of Birjand.
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Figure 2. Photos of cityscape (a,b), city parks (c,d), district parks (e,f), neighborhood parks (g,h) and private large (i) and
small (j) courtyards in Birjand.
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2. Materials and Methods

2.1. The Questionnaire

The exploratory survey was done through an online questionnaire the using Google
Modules online platform. Compared to other types of distribution, online forms are
generally more efficient and easily allow for complex patterns of question branching and
skipping. In this specific case, the choice of an online survey was also made on the basis
of the following considerations: affordable and less time-consuming method for both
administrators and respondents, the characteristics of the Iranian population, largely urban
and young (32 years old is the average age, with 67% between 16 and 64 years old), with a
rather high rate of literacy (85% of adult population) and making extensive use of digital
devices and the internet. Statistics show an increasing trend of those using the internet
(currently 70% of the population) and a 155% rate of mobile connections with respect to
the population [70].

Nevertheless, the fact that online surveys do limit the respondents to those who have
internet access and use online communication (such as email and social media) raises the
probability that the sample is non-representative of the actual population, and thus limits
the generalization of the findings.

The minimum sample size (n = 384) was calculated according to the equation:

n = N × X/(X + N − 1)

where N is the population size and X = Zα/2
2 × p × (1−p)/MOE2, and Zα/2 is the critical

value of the Normal distribution at α/2 (for a confidence level of 95%, α is 0.05 and the
critical value is 1.96), MOE is the margin of error (set at 5%), p is the sample proportion
(expected number of respondents visiting green spaces = 50%).

The questionnaire was structured in six main sections and contained between 20
and 31 questions (see Supplementary Materials), depending on whether respondents self-
identified as those who usually visit a public urban green space or those who do not, and on
whether they had access to a private green space or not. The first section asked respondents
for information about the characteristics of the place where they live (i.e., type of housing,
presence of public green spaces near the residency, and size of the accessible private green
space, if any. In order to characterize the neighborhoods of the respondents, respondents
were asked to write down the name of their neighborhood in Birjand (as optional) in order
to associate it with territorial municipal information. This included the price of urban lands
(class rank from 1–most expensive, to 7–cheapest) taken from the Atlas of Spatial Divisions
of Birjand [62], the preferred area for residency (class rank from 1–most preferred, to 6–least
preferred) taken from the Comprehensive Plan of Birjand [65,71], and the greenery per
capita (class rank from 1 to 8 classes of green e.g., class 1 = 61–70 m2 per capita; . . . ; class
8 = 0–10 m2 per capita etc.) taken from the official Database of the Organization of Birjand’s
Urban Parks & Green Spaces [72] (Table S3). This information was used for regression
analysis (see Section 2.3).

The second section was about the pre-pandemic usage of public green spaces (A) i.e.,
frequency of visitation, distance, type of green space and motivation to visit it, and/or
of private green spaces (B) i.e., size of the private green space, if it is shared with other
people, frequency and motivation of visitation; the third section was about the usage (i.e.,
frequency and motivation of visitation) and an assessment of the feelings (i.e., happiness,
pleasure, excitement, physical energy, anxiety, depression, fear, tension, anger, sadness) in
public green spaces (A) and/or in private green spaces (B) during the pandemic (the period
which started in February 2020 and it was ongoing at the time of the survey, characterized
by diverse types of restrictive measures e.g., lockdowns, social distancing etc., although
the access to public green spaces was always allowed). The fourth section was about the
level to which respondents missed having access to urban green spaces and “what” was
mainly missed in relation to a green space, as an open question. Finally, the fifth section
was about personal details (i.e., gender, age, occupation).

6
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The questionnaire included closed questions in order to reduce the probability of
errors, some of which allowed multiple selection (up to two) among different options (e.g.,
reason of visitation of green spaces), and some others included a 4 (or 5)-point Likert scale
(e.g., feelings in green spaces, missing level of a green space, and perception of benefits
and services of green spaces).

One open question, about what the respondents missed most during the pandemic
regarding the visitation of a green space, aimed at leaving respondents the freedom to
express their thoughts. For the analysis, the responses were interpreted, simplified and
coded according to a common meaning. For instance, we coded as “nature” all texts such
as “enjoying nature”, “listening to birds and water”, “connection to nature”; as “breathing
in open air” the sentences related to “breathing outside”, “breathing without masks”; or
“quiet” those sentences or words related to “calm green areas”, “quiet”, and “peace”. The
same coded-answers were further aggregated into a smaller number of categories for the
regression analysis (see next chapter). For instance, when respondents expressed concepts
like missing “meeting people”, “children playing” and “staying together with the family”,
these were coded “sociality” as they are related to social aspects of green spaces. The new
code “Relax and quiet” aggregated answers connected to “relaxation”, “quiet green spaces”
and “no stress”.

The survey was pilot-tested by a small group of people who checked the translation
into Persian and identified any words or phrases that were not clear in order to revise them
and increase the reliability.

2.2. Administration of the Questionnaire

The questionnaire distribution and data collection took place from the 5 January 2021
to the 14 February 2021, just after the peak of COVID-19 contagions of the previous fall.

Initially, the link to the online survey questionnaire was sent via email to the first
author’s networks of professional and personal contacts living in Birjand and posted on
social media (WhatsApp, Telegram, etc.). The people contacted were kindly invited to
forward the link of the survey to their contacts. This created such a snowball effect so that
it was difficult to track its distribution and the people invited to participate in the survey.

The introduction to the questionnaire reported a brief explanation about the purpose
of the study, the target group (inhabitants of Birjand without any specific characteristics),
the time needed to fill it in and information regarding data handling and the responsible insti-
tutions and persons. This information had to be checked before accessing the questionnaire.

The questionnaire was anonymous and took approximately 15 min to complete and
responses were collected without identifiers via Google Spreadsheets, and downloaded
for analysis.

2.3. Statistical Analysis

All the responses were checked if they were fully filled for the analysis.
Among the respondents (n = 401), 7 were not considered for the analysis because

they did not live in Birjand. Due to the fact that most questions were mandatory–except
the one about the neighborhood, we did not have uncompleted questionnaires, since all
respondents indicated their neighborhood.

Descriptive statistics (with the frequencies and percentages) were performed for all
valid answers. We identified two groups of respondents: those with only access to public
green spaces and those with access also to private green spaces.

To assess if the frequency and motivation to visit a public or private green space in the
period before the pandemic, were related to the type of green, the Chi Square goodness of
fit test was used, assuming as null hypothesis that the visitation does not change with the
type of green space.

To assess if the pandemic influenced the frequency and the motivation to visit a green
space (public and private), the Wilcoxon signed-rank test was applied for the comparisons
of the variables between pre-pandemic and during the pandemic at p < 0.05.
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The feeling connected to staying outdoors in a green space (private and public) was
assessed through a 5-point Likert scale, with the nominal value scale transformed into an
ordinal scale (1 = Much less, 2 = Less, 3 = No change, 4 = More, 5 = Much more).

To assess if having access to a private green space changed the frequency and the
motivation for visiting a public green space, the Chi Square goodness of fit test was used,
assuming as null hypothesis that having access to a private green space would not affect
the visitation of public green spaces.

When the frequency in a cell was <5, the Fisher exact test was applied.
In addition, multiple regression analysis with forward stepwise selection method was

performed specifying an alpha significance level 0.05, to find any relationship between
dependent and independent variables in the two groups, separately: visitors of public
green spaces and visitors of private green spaces. Categorical variables such as occupation,
type of house, and presence of a private green space were coded as dummy variables
(0 not in the category, 1 within the category). The analysis was also performed to check if
the visitation of public green spaces was related to the presence of private green spaces
and other variables (i.e., type of house, access to private green space–as respondents with
private green spaces could visit public ones, frequency of visitation of private green space
and distance of a public green space), pre-pandemic and during the pandemic (for the latter,
we included also the frequency of visitation of public green spaces before the pandemic).

Regarding gender, male (M) was set to 1, female (F) to 0. Variables with categorial
scales such as age, education, frequency of visitation, and the classes related to municipal
information of the neighborhood (greenery, urban land price and preference for residency)
were used as ordinal value scales. For this reason, age classes ranged from 1 (less than
20 years old) to 8 (more than 80 years old), education ranged from 1 (mandatory) to 4
(post-graduate), frequency of visitation from 1 (Never) to 6 (Every day), distance of the
closest public green space from 1 (closest) to 4 (farthest), missing a green space from 1 (not
at all) to 4 (a lot) and classes of greenery, urban land price and of preference for residency
as indicated in Section 2.1. The following relationships were investigated:

(i) feelings in a public and private green space (dependent variable) and gender, age,
education, occupation, municipal information of the neighborhood, in addition to spe-
cific variables for the visitors of public (frequency of visitation during the pandemic)
or private green space (size of the private green space and frequency of visitation
during the pandemic as independent variables.

(ii) perceived benefits or services and other aspects of public and private green spaces
(each item as dependent variable) and the above-mentioned independent variables.

(iii) extent to which a green space was missed (dependent ordinal variables) and gender;
age; education; occupation; access to private green space (Yes = 1); frequency of
visitation pre and during the pandemic, distance of public green space.

3. Results

3.1. Characteristics of the Respondents

The survey collected 394 valid responses, mostly represented by women, mainly
ranging from 20 to 39 years old, while males represented 39% of the sample, mainly
ranging from 20 to 49 years old (Table S4). A large majority of respondents (91%) had
higher education degree. In addition, most respondents (45%) were employees in public or
private companies and self-employed, especially men, while among females, students and
housewives were also represented (Table S4).

Regarding the type of house where respondents live, 55% declared to live in a flat in
a condominium (n = 218) and 45% in a single house (n = 176) (Table S5). Approximately
half of all respondents (n = 185) did not have any private green space available nearby the
house. This occurred especially for those living in a flat, while 88% of those living in a
single house had access to a private green space. The most frequent size of private green
space was between 30 and 100 m2, especially linked to single houses. Big green spaces
(more than 100 m2) represented 10% of all responses and they were more typical of single
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houses. Only 5% of respondents living in a condominium declared to have access to a big
(more than 100 m2) private green space.

The large majority of respondents without access to a private green space had a public
green space available within 300 m (Table S6), mainly represented by a park (indicated
by 40% of those living in flats and 37% living in single houses). Only 8% of respondents
declared that they did not have any public green space nearby the residence, the majority
of which also did not have a private green space to enjoy.

3.2. Use of Public Green Space before the Pandemic

Before the pandemic, the use of public green spaces was fairly good as 96% of respon-
dents (n = 379) declared to visit a public green space. About one third of them (33.8%) used
to go to the closest public green space and altogether, 60% visited green spaces no farther
than 500 m (Table S7). The most visited green space typology was the urban park (55.1%),
followed by green areas out of the town (about 20%) (Table S7). The frequency of visitation
was quite high, as 65.2% went many times in a single month (Table S7).

The highest frequency of visitation of public green spaces was related to the lack
of a private green space by respondents, although the majority of those with a private
green space demonstrated to be habitual visitors of public green spaces, going at least
several times a month (Table S8). In addition, the frequency was positively related to the
motivations to visit the green space such as physical exercise (p < 0.05) and walking (p < 0.05)
and to the distance of the public green space (Table S9).

Among the most selected reasons to visit a public green space were: taking the kids
outdoors and walking (Table S7), regardless of access to a private green space (Table S8).

Those respondents who declared to visit a private green space before the pandemic
(n = 209), did so pretty often as 52% of them declared to visit it many times a week (and
much more everyday as compared to visitors of public green spaces) and 22% several times
a month (Table S7). Activities performed in the private green space were various, mainly
used for staying outdoors and relaxing but also gardening or passing through the space to go
somewhere else, as compared to the reasons for visiting public green spaces. Observing nature
and taking the kids outdoors we also selected (Table S7).

3.3. During the Pandemic

During the pandemic, the visitation of green spaces in general was much reduced,
especially regarding the public green spaces (p < 0.0001) with respect to the pre-pandemic
time (Table 1), even by respondents who did not have access to a private green space
(Table S8). 42% respondents never visited a public green space during the pandemic and
40% did it at most once a month (Table 1). 10% of those with access to private green space
never visited it during the pandemic and in general the visitation occurred less frequently
(Table 1). The frequency of visitation of public green spaces was positively related to the
motivations physical exercise (Table S9).

As well as before the pandemic, the main common reasons for visiting a public green
space were walking, observing nature, and taking the kids outdoors (strongly decreased with
respect to pre-pandemic though, p < 0.001) and to a minor degree meeting people, which
increased (p < 0.01) (Table 1). These were especially selected by respondents without access
to a private green space; instead, those with access to private green space significantly
reduced the visitation of public green spaces for taking the kids outdoors (p < 0.001) (Table S8).
The motivations to visit a private green space were mostly taking kids outdoors and observing
nature (which increased, p < 0.001 and p < 0.01, respectively), but also relaxing and staying
outdoors (Tables 1 and S10).
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Table 1. Frequency (1) and motivation (2) of visitation of public green spaces (n = 379 respondents, upper part in each block)
and private green spaces (n = 209 respondents, lower part in each block) before and during the pandemic.

Pre-Pandemic During the Pandemic

(1) Frequency of visitation Count Percentage Count Percentage p-value

Public green
space

Every day 33 9% 14 4% **
More than once a week 97 26% 25 6% ***
Several times a month 117 31% 33 8% ***

Once a month 74 19% 37 9% ***
Less than once a month 58 15% 122 31% ***

Never 15 4% 164 42% ***
Total 394 100% 394 100%

Private green
space

Every day 58 28% 41 20% *
More than once a week 50 24% 45 22% ns
Several times a month 45 22% 46 22% ns

Once a month 18 9% 21 10% ns
Less than once a month 31 15% 35 17% ns

Never 7 3% 21 10% **
Total 209 100% 209 100%

(2) Motivation of visitation a

Public green
space

Gardening 3 0.5% 2 1% ns
Meeting people 34 5% 38 10% **

Observing nature 110 17% 61 16% ns
Passing through it 35 5% 43 11% ***
Physical exercise 31 5% 23 6% ns

Reading 3 0.5% 1 0% ns
Relaxing 52 8% 14 4% **

Staying outdoors 32 5% 39 10% ***
Taking the dog out 0 0% 0 0.0% -

Taking the kids outdoor 185 28% 56 15% ***
Walking 175 26% 105 27% ns

Total 660 100.0% 382 100%

Private green
space

Gardening 45 13% 30 6% ***
Meeting people 2 1% 21 4% ***

Observing nature 46 13% 97 19% *
Passing through it else 41 12% 37 7% *

Physical exercise 13 4% 24 5% ns
Reading 12 3% 7 1% *
Relaxing 65 19% 82 16% ns

Staying outdoors 75 21% 76 15% *
Taking the dog out 0 0% 1 0% -

Taking the kids outdoor 39 11% 97 19% ***
Walking 13 4% 38 8% *

Total 351 100% 510 100%

The Chi Square goodness of fit test was used to compare the items between pre- and during pandemic at p < 0.05. Significant differences are
showed with * at p < 0.05; ** at p < 0.01; *** at p < 0.001; “ns” for non-significant differences. a Respondents could select up to two choices
among the given options.

3.4. Green Space Effect on Feelings

Being in a green space (Table 2) resulted in an enhancement of positive feelings,
such as happiness and pleasure and physical energy (although rated to a minor extent),
without difference between public or private green spaces. In addition, a large majority of
respondents indicated that green spaces contribute to reducing a series of negative feelings
such as anxiety and tension and sadness and depression. Private green spaces contributed
more to the reduction of anxiety and fear than the public green spaces.
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Table 2. Feelings of people who visited a public (upper part) or a private (lower part) green space.
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Public
green
spaces

(n = 231)

More 65% 59% 31% 57% 24% * 11% 10% 13% * 22% 10% 9% 10%
No change 17% 22% 36% 23% 21% 25% 27% 30% 27% 28% 27% 25%

Less 19% 19% 33% 20% 54% 63% 63% 57% 50% 62% 65% 65%
Avg. 3.5 3.4 2.9 3.4 2.5 2.2 2.2 2.3 2.6 2.3 2.1 2.1

Private
green
spaces

(n = 188)

More 65% 62% 28% 55% 14%* 11% 15% 4% * 14% 14% 12% 10%
No change 17% 19% 43% 25% 19% 23% 17% 30% 26% 17% 21% 19%

Less 18% 19% 29% 20% 66% 66% 68% 65% 60% 69% 67% 71%
Avg. 3.6 3.5 2.9 3.4 2.1 2.1 2.1 2.0 2.3 2.1 2.1 2.0

Percentages are reported for each point of the Likert scale and the weighted average (avg) is calculated associating each point a score
(1 = Much less; Less = 2; 3 = No change; 4 = More; 5 = Much more). The percentages of the positive scores (much more and more) and the
negative scores (less, much less) were added. The Chi Square goodness of fit test was used to compare the feeling in the two types of green
spaces at p < 0.05. Significant differences are showed with * at p < 0.05; ** at p < 0.01; *** at p < 0.001; ns for non-significant differences.

The regression analysis also showed some interesting results (Table 3): the positive
feelings (i.e., happy, pleased) were correlated to the higher price of urban lands (p < 0.05)
but also to the lower amount of greenery per capita (higher classes), while negative feelings
such as anxiety, fear and hanger were more typical of males and greater in less preferred
neighborhoods for residency, and tension, hanger and sadness (depression, feeling blue)
were greater in neighborhoods with higher greenery per capita.

Table 3. Feelings in a private (left) or public (right) green space in relation to some independent variables.

Private Green Space (n = 209) Public Green Space (n = 231)

b Std. Err. p-Value b Std. Err. p-Value

Happy
Intercept 3.101 0.252 0.000

Greenery class a 0.087 0.029 0.003
Price of urban lands a −0.076 0.037 0.038

Pleased
Intercept 3.048 0.225 0.000

Greenery class a 0.078 0.030 0.010
Price of urban lands a −0.096 0.037 0.010

Excited
(ecstatic)

Intercept 2.165 0.367 0.000
Education 0.417 0.102 0.000

Age −0.210 0.060 0.001

Physically
energetic

Intercept 2.526 0.449 0.000
Greenery class a 0.072 0.035 0.042

Anxious
Intercept 3.116 0.300 0.000 Intercept 2.460 0.247 0.000

Visit frequency of
private green space
during pandemic

−0.119 0.048 0.014 Preferred for a residency 0.606 0.282 0.033

Preferred for residency a 0.428 a 0.212 0.045 Student 0.446 0.182 0.015

Nervous

Intercept 1.970 0.376 0.000 Intercept 2.375 0.394 0.000
Age −0.123 0.057 0.031 Preferred for residency a 0.665 0.252 0.009
Male 0.344 0.126 0.007 Greenery class a −0.069 0.034 0.042

Employee −0.271 0.135 0.046 Price of urban lands a −0.533 0.240 0.027

Tense

Intercept 1.937 0.395 0.000
Male 0.344 0.132 0.010

Employee −0.307 0.142 0.031
Price of urban lands a 0.081 0.040 0.045

Greenery class a −0.063 0.032 0.049

Upset

Intercept 2.190 0.197 0.000 Intercept 2.536 0.214 0.000
Student 0.364 0.148 0.015 Preferred for residency a 0.120 0.045 0.009

Greenery class a −0.079 0.031 0.011 Greenery class a −0.086 0.034 0.012
Preferred for residency a 0.100 0.041 0.015
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Table 3. Cont.

Private Green Space (n = 209) Public Green Space (n = 231)

b Std. Err. p-Value b Std. Err. p-Value

Frightened
Intercept 2.518 0.269 0.000 Intercept 2.834 0.275 0.000

Preferred for residency a 0.097 0.038 0.011 Age −0.143 0.059 0.017
Male 0.249 0.119 0.037

Depressed

Intercept 2.128 0.424 0.000 Intercept 2.406 0.245 0.000
Male 0.343 0.127 0.007 Preferred for residency a 0.122 0.044 0.006

Price of urban lands a 0.090 0.039 0.020
Greenery class a −0.085 0.031 0.006

Blue

Intercept 1.941 0.416 0.000
Male 0.265 0.123 0.032

Greenery class a −0.087 0.030 0.004
Employee −0.322 0.131 0.015

a for this variable, the higher the class the smaller the value (for instance, class 1 means greater green surface per capita/higher price of the
land/most preferred area; class 7 means smaller green surface per capita/cheapest price of the land/least preferred area for residency).
Male was the reference (=1), b: non-standardized beta coefficient, Std. Err.: standard error of b; p-value: statistical significance. Only
statistically significant results are shown.

Regarding the feeling connected to the visitation of public green spaces (Table 3),
younger people and with higher education level felt more ecstatic; respondents feeling
more anxious and nervous were those living in neighborhoods with greater greenery per
capita and those living in less preferred areas.

3.5. Appreciation of Ecosystem Services and Other Aspects Relative to Green Spaces

As Table 4 shows, respondents mostly appreciated the clean air and the comfortable
climate that in general green spaces provide, regardless of the type of green space. Public
green spaces were also more appreciated than private ones for cleanliness (p < 0.01), natural
value (p < 0.01), biodiversity (p < 0.001) and socialization (p < 0.001). In contrast, private green
spaces were appreciated to a greater extent for the privacy (p < 0.001). Safety from contagion
in green spaces was appreciated by about 83% of respondents in both groups, with no
differences between public or private green space.

Table 4. To which extent ecosystem services and management aspects of public (top) and private (bottom) green spaces are
appreciated by respondents.
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Public green space
(n = 231) Appreciated 92% 84% 97% 95% 83% 62% 94% 68% 73% 86% 83%

Avg. 3.5 3.3 3.6 3.6 3.3 2.8 3.6 3.0 3.0 3.4 3.3

Private green space
(n = 183) Appreciated 86% 73% 93% 94% 86% 49% 90% 93% 45% 84% 84%

Avg. 3.3 3.0 3.6 3.6 3.3 2.5 3.4 3.4 2.5 3.3 3.3

p value ** *** ns ns ns ** * *** *** ns ns

Percentages represent the sum of positive appreciation (very much appreciated and appreciated) of each item related to public (upper rows)
and private (lower rows) green spaces, the latter evaluated by those with access to a private green space who responded the question.
The weighted average (Avg) was calculated associating each point of the 4-point Likert scale a score (1 = Not at all appreciated; 2 = Little
appreciated; 3 = Appreciated; 4 = Very much appreciated). The Chi Square goodness of fit test was used to compare the appreciation for the
items in the two types of green spaces at p < 0.05. Significant differences are showed with * at p < 0.05; ** at p < 0.01; *** at p < 0.001; “ns” for
non-significant differences.
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The regression analysis (Table S11) evidenced how the appreciation of natural value
and biodiversity was linked to people living in single houses and in areas with lower price
of land (p < 0.05) when referred to a private green space, and to females (p < 0.05) and
respondents living in areas with lower green surface per capita (p < 0.01) when referred
to a public green space. Housewives (p < 0.05) and respondents with higher education
level (p < 0.01) appreciated the quiet of a private green space (p < 0.05, p < 0.01 respectively)
while socialization was particularly appreciated in public green spaces, especially when
the visitation before the pandemic was greater and the green surface per capita in the
neighborhood was lower (p < 0.05). In general, women felt less safe than men for the
presence of bad people in green spaces (p < 0.01) and security of a private green space was
appreciated by respondents living in the least preferred place for residency.

Finally, females and those who did visit private green spaces to greater extent during
the pandemic felt safer from COVID-19 contagion in private green spaces.

3.6. How Much the Green Area Visitation Is Missed

When respondents were asked to what extent they missed going to a green space, 66%
said they missed it very much and 22% rather much. Only 10% missed it only to a small
extent. The regression analysis (Table 5) evidenced a positive relationship between the
extent to which a green area was missed and the frequency of visitation of public green
spaces pre-pandemic (p < 0.001) and the distance of public green space (p < 0.05), and a
negative relationship with male, which means that women (p < 0.01) suffered more than
men. Having access or not a private green space did not influence the deprivation feeling.

Table 5. Relationship between “Missing of a green space” and independent variables related to
private (resulting not significant) and public green spaces.

b Std. Err. p-Value

Intercept 3.67 0.13 0

Male −0.2 0.07 0.006

Frequency of visitation of public green
space pre-pandemic 0.11 0.03 0.0002

Distance of public green space −0.06 0.03 0.032
Multiple regression analysis between the dependent variable “Missing a green space” and independent variables
related to users of green spaces before the pandemic (n = 379). Only statistically significant results are reported.
b: non-standardized beta coefficient, Std. Err.: standard error of b; p-value: statistical significance.

What respondents missed (Table S12) was mainly related to nature (19%) (staying in
connection with nature, observing and listening the sounds of nature), meeting people (18%)
and staying with the family (10%).

Nature was especially missed by women (Table S13) while the “social aspect” (meeting
people, family togetherness, children’s play) was especially related to males (p < 0.05) and
younger people (p < 0.05) and to the distance of the public green space (p < 0.01) or lesser
per capita greenery (p < 0.05).

Physical activity including walking and doing physical exercise (e.g., running) was
especially missed by students (p < 0.05) and older people (p < 0.01).

Those who declared not to miss anything, were mostly respondents who declared
low visitation frequency of public green spaces before the pandemic (p < 0.01) and those
living at shorter distance from a public green space (p < 0.001) or near a square with trees
(p < 0.01).

4. Discussion

The study revealed how green spaces are important elements for the respondents. It
should be noted that respondents were mostly young citizens, less than 49 years old, with
a large majority of people with higher level education. Despite the inherent bias due to
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the snowballing approach, which makes it impractical to achieve a truly representative
sample of the overall population, the exploratory study reports that the public green
spaces are frequently visited by the respondents, although the accessibility of nearby public
green spaces (distance set at 300 m) is limited to only one third of all respondents. Also,
approximately half of the respondents did not have any private green space available
nearby their residence, especially those living in a condominium, and a few did not have
any public green space in the surroundings. This depends on the characteristics of the
urban fabric, whose urban expansion during the last decades put little attention on the
provision of green spaces to urban dwellers. The urban fabric and the harsh climate amplify
the importance of green spaces in such a dryland and invited reflection on how the COVID-
19 pandemic affected behaviors and perceptions of green spaces. From the analysis of the
collected data, we noticed that the respondents were quite habitual users of public green
spaces before the pandemic. We identified two groups of respondents, those with no access
and those with access to a private green space, in the form of a private garden (mainly in
connection to a single house) or yards shared among neighbors, to understand the role of
private green space in such peculiar conditions.

The following discussion, in accordance with the objectives and research questions,
takes into consideration the type of green space (public vs. private) used by respondents
and is presented in three sections: the behavioral change due to the pandemic; the effect of
green spaces on feelings, and the perception of services, benefits and other aspects related
to green spaces in general, such as the extent to which people missed accessing to them.

1. Behavioral change in the use and in the motivation to visit a green space during the
pandemic

The study showed how the visitation of green spaces in Birjand was in general much
reduced during the pandemic, especially in public green spaces. This kind of behavioral
change was also observed in European contexts where the governments’ regulations were
more restrictive [1], whereas in many other countries, the visitation of parks and green
areas increased [8]. In Asian cities, Lu, Zhao, Wu, & Lo [73] found a 5.3% increase in the
odds of people using green spaces regardless of the increase of COVID-19 infections, and
Hamidi & Zandiatashbar [5] found that residents of compact counties in the United States
were less likely to reduce their trips to parks during the shelter-in-place order. During the
same period, Norwegians had and increased need for contact with urban green space, and
in particular Venter, Barton, Gundersen, Figari, & Nowell [17] reported a 291% increase
in physical activity in green spaces. Also in the UK, people spent more time in nature
and visited nature more often during the pandemic [73]. However, in compact counties
of the US, the high number of COVID-19 deaths coupled with the small size homes and
the lack of private green spaces have demonstrated psychological counteracting effects,
with an increase of feelings of anxiety and isolation, while visiting a park represented a
real possibility of respite to mitigate physical and psychological challenges [5]. This is why
in general, there was an increase in the visitation of green spaces to the extent allowed, at
least for essential activities such as for taking the dog out, physical exercise and relaxing in
contexts with more restrictive regulations [1].

In Birjand, the reduction in the usage of green spaces declared by respondents was
likely due to two main reasons: on one hand, the governmental regulations that posed a
limitation in movement for citizens, on the other hand, the fear of exposure to contagion
due to gatherings among people visiting urban parks [38]. The decline in the visitation of
the urban parks observed was severe, as 42% never visited a public green space (vs. 4%
before the pandemic) and 40% did it at most once a month during the time considered.
Perhaps such a sharp decline was also exacerbated by the chronic scarce accessibility of
public urban green spaces, as urban parks are concentrated in some parts of the city and
the long travel distance might have discouraged people to travel for the perceived risk to
contagion during travelling [74], as respondents did not perceive private or public green
spaces as an unsafe place for contagion risk. The urban expansion characterizing the city
of Birjand has not favored a diversification or increase in the number of green spaces
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over time. Indeed, the per capita green space is about 14 m2, which is much lower than
the optimal amount (50 m2 per person) [75], and inadequate especially considering the
contextual harsh environmental conditions.

Most of the people’s interaction with urban nature happens in a few urban parks,
historical gardens and private yards. In this regard, this study highlighted the importance
of providing accessible green areas or other types of nature-based spaces to facilitate the
adaptation of people to disease outbreaks. Private green spaces in the form of yards
or gardens constitute a crucial alternative to the lack of public green spaces. The study
has demonstrated the great visitation of private green spaces with respect to public ones
during the pandemic (66% vs. 18% of respondents, respectively visited at least several
times a month), most likely influenced by their proximity. Regarding the reasons to visit
a green space, the pandemic did not substantially change those to visit a public green
spaces -although the reduction of visitation for taking the kids outdoors and its increase in
private green spaces, highlighting the possible fear of infection in public spaces [76], where
people may not know each other [73]. Consequently, the private green spaces revealed
their compensative role for the lack of residential greenery for the family members during
the crises [77,78].

Public green spaces were visited for walking even by those people with a private
green space, while the private ones became places to enjoy nature-centered activities such
as relaxation, observing nature and staying outdoors, which were probably elicited by the
situation. In addition, there was an increase of people passing through a green space to reach
a destination, which supports the importance of green corridors made of tree-lined streets
and gardens in the urban fabric, not only for the variety of services, such as shade, climate
mitigation but also for psychological benefits and wellbeing [79].

The results are in harmony with previous studies which also reported how urban
inhabitants feel the residential greenery as calm and safe places to be in contact with nature
and to meet other people [80]. Even in Berlin, as green capital in Europe (with much higher
per capita greenery than Birjand), public parks located far away during the pandemic
have played a very small role in the urban dwellers’ everyday life due to the government
restrictions on people’s movement, while residential greenery was the only accessible green
space for many residents [80].

Thus, for future urban and landscape planning it would be crucial to preserve a
pattern of public and private greenery-in the form of public pocket green spaces, traditional
Iranian yards and gardens, or as collective residential proximity greenery which is more
popular in European contexts. Urban regeneration projects aimed to increase the green
area surfaces and accessibility will guarantee access in all parts of the town, thus even to
most vulnerable users. As Säumel, Hogrefe, Battisti, Wachtel, & Larcher [80] proved, freely
accessible residential greenery would play crucial role in the transformation of cities into
livable, healthy and ecologically friendly environments.

2. Effect of green spaces on feelings during the pandemic

The results suggest that being in a green space (either public or private) enhances
positive feelings such as happiness and pleasure (on average by 65.5% and 61% respondents,
respectively declared that they felt happier and more pleased), and also physical energy,
although to a lesser extent. However, happiness for those visiting private green spaces
seemed to depend also on the neighborhood, especially the ones with lower greenery and
lower price of land, enhancing the role of private green pockets for psychological wellbeing.
Green spaces in general were effective in the reduction of all negative feelings, and the
private ones were more effective in the reduction of anxiety and fear. However, in general,
lesser preferred neighborhoods and greater greenery per capita were found to be related to
greater anxiety, likely linked to the pandemic. In Poland, due to the COVID-19 epidemic
there was observed a considerable decline in physical and psychological health, and the
overall quality of life of youth in the period of limited access to public spaces [81]. Under
circumstances of lockdown, with no access to public spaces, the importance of private
spaces can indeed buffer individuals from depressive and anxiety-related symptoms, and
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function as a beneficial source of refuge, security, and stability during these stressful
times [12,16,73]. While private gardens can compensate for a lack of access to public green
spaces, both the public and private green spaces are the essential health resources in times
of crisis [16].

The characteristics of a neighborhood play an important role. For instance, private
green spaces contribute to the positive feelings (happiness and pleasure) especially if
the neighborhood has lower land price. Less preferred areas for residency seemed to be
more related to negative feelings such as anxiety and nervousness but also tension and
fear. However, the presence of greenery in the neighborhood was found to be related to
some negative feelings such as anxiety and nervousness if related to public green spaces.
Therefore, beyond the private yards and gardens, strategic planning of neighborhoods that
guarantees easy access to UGS and quality natural environments in neighborhoods are
crucial to maintain favorable health and wellbeing [73,82], especially in times of pandemic.
Neighborhood green spaces would guarantee easy accessibility and less crowding as
compared to public urban parks [4,83–87] especially if these are limited in size and the
urban fabric is compact [46,88], and also limited is the possibility of visual contact with
nature through home windows [89–92]. Thus, landscape design strategies employing a
tree-based landscaping neighborhood scale in the arid regions (and not only there) could
create more comfortable outdoor spaces to enhance the livability and sustainability of
neighborhoods [93]. A study in the UK revealed how a greater land-cover greenness within
a 250 m radius around a respondent’s postcode was important in predicting higher levels
of mental wellbeing during the COVID-19 pandemic.

Although it is hard to add large green spaces in the neighborhoods of Birjand, land-
scape planners can improve the existing pocket parks and strengthen linkages between
nearby green spaces. It was demonstrated that a complete green network can ease walking
for recreation and reduce inequality in green space distribution [87]. But in new developed
neighborhoods where space is not limited, planners may consider adding new parks,
addressing the people’s needs that are expressed by the reasons to visit a green space.

3. Perception of services and benefits and other aspects related to the green spaces

We noticed how the respondents were aware about a variety of services provided
by green spaces, such as the amelioration of air quality and climate conditions. This
seems obvious in a dryland; however, for decades the urban planning of the city has been
continuously sealing land, preventing the creation of green spaces. If private greeneries
provide immediate access to nature and the privacy component allows creative or reflective
moments within one’s own private sphere that would be rarely feasible in public green
spaces [94], public green spaces were highly appreciated by respondents for the socializa-
tion, cleanliness and natural value, highlighting the importance of a quality design and
maintenance of public green spaces, beyond mere quantity. Ameliorating the quality of
green spaces by targeting specific green functions [95], including natural value [96,97], bio-
diversity [98–101], but also socialization [102–105], facilities and security will improve the
potential benefits of urban nature in wellbeing and health [106]. High-quality green areas
also may help improve prosocial behavior in children [107] and the contact with nature in
times of pandemic may be a key also for improved well-being post-COVID-19 [108]. In
addition, our respondents in general did not consider green spaces as a place with risk
of contagion and in this regard, Ma et al. [38] reported how the adaptative benefits of
visiting nature may outweigh the risks when proper visitor management measures are
implemented. In fact, other studies have shown how the risk of contagion outdoors is
actually much less than indoors [109].

4. Extent to which the green space access was missed

Results highlighted that the majority of respondents missed going to a green space
very much. The extent to which a green area was missed depended on the usual frequency
of visitation before the pandemic, the gender (with women more influenced) and the
distance of public green space visited before the pandemic, as if missing a green area
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was likely related to the actual scarce presence of favorite green spaces nearby. Again,
this highlights the importance of equity in urban landscape planning. In simple words,
the more greenery available, the more people would not miss anything-and the farther
the green space, the more it is missed, as for social activities like those demonstrated by
Schipperijn et al. [110]. Respondents confirmed their awareness about the services and
benefits provided by green spaces even when we asked what they missed, as most thoughts
were related to sensitiveness towards nature, meeting people and staying with the family in
green spaces, all aspects that emphasize the importance of the quality green spaces beyond
mere quantity.

We have noticed how the “nature” connected to green spaces was missed more by
women. Roe et al. [111] showed that there may be a gender difference in perceiving nature
as a coping mechanism as female stress levels were remarkably higher in areas of low green
space compared to males, and Theodorou et al. [112] revealed that psychopathological
distress from the pandemic through green spaces was higher for women and unmarried
people. Hostetler & Noiseux [113] found how those spaces where residents can access
nature close to home result in a variety of conservation, social, and health benefits. Thus,
in the context of pandemic, when many people have lost access to many of their typical
sources of socialization, UGS may serve as an important compensatory role in satisfying a
variety of psychological needs [114].

5. Conclusions

The results of this study report useful information and suggestions for urban landscape
planning of the city of Birjand and other cities in drylands. This is an arid city in the East of
Iran that has developed according to an uncontrolled residential planning without enough
attention to urban greening challenges. In addition, it also faces environmental challenges
such as the lack of water and harsh climate that limit vegetation growth. Therefore,
preparing adequate urban green spaces in an arid environment as a coping strategy against
the pandemic might be very hard, but the study has demonstrated how important are
green spaces in a time of limitation of movement due to restrictions against the spread of
the pandemic, as they enhance positive feelings and reduce anxiety and stress, and allow
different types of activities, especially linked to social aspects.

Private green spaces such as gardens and courtyards of single houses or condominium
shared with neighbors represent the pocket greenery that allow moments of respite in time
of pandemic. But, if private green spaces may convey a sense of safety, public green spaces
are important for their social value.

Private green spaces mitigate the lack of public green spaces but in a way, they
represent an unequal distribution of green areas access, that should be guaranteed to the
whole community.

Women demonstrated high sensitiveness and appreciation towards public green
spaces, as they likely take kids there-contact with nature is recognized as an important
function, and appreciate the socialization, although in general, the perception of insecurity
is greater than for men.

Therefore, some specific recommendation for urban and landscape planning in Birjand
can be drawn. Firstly, the typology of compact residential development which has become
the popular form of the neighborhoods must be integrated with existent and new green
spaces. Although in Birjand it is hard to add large green spaces in many of neighborhoods,
landscape planners can improve the existing pocket parks and strengthen linkages between
nearby green spaces by creating green corridors and preserving the existing green spaces.
A complete green network can ease walking for recreation and reduce inequality in green
space distribution. In newly planned neighborhoods which are not in the city center and
space is not a limiting factor, planners may consider balancing soil sealing with new green
spaces. Secondly, promoting the quality of existing urban green spaces (e.g., natural value,
biodiversity, security but also socialization) is a greening strategy for the city of Birjand.
The findings emphasized that improving the quality of green space beyond quantity may
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play a role in provision of high-quality nature exposure for urban population in the time of
pandemic as well as the key for improved well-being of urbanites post-COVID-19.

Thus, the Coronavirus pandemic has provided an opportunity for urban planners
and landscape architects to reflect on the existent greenery and on how to adapt existing
greening policies to the challenges of today and the future. Enhancing not only the quantity
of green spaces but also their quality by targeting specific green functions which were
highlighted by our respondents will improve the wellbeing and livability of the city.

The authors have made clear that this is an exploratory study and it does not claim to
reflect the real situation. The obtained sample cannot be representative of the population
and UGS users because the survey was not restricted to specific respondents and it was
spread to people through a snowball effect. However, we believe that the sample is enough
to provide the considerations we made without generalizing the results. In addition, we
have provided a justification of the used methods and the limitations of such decision.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/land10101085/s1, Table S1. Area of different urban green space typologies in Birjand city,
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Table S6. Type of public green space within 300 m from home without/with presence of private green
space, Table S7. Characteristics of visitation of public green spaces before the pandemic by users of
public green spaces, Table S8. Difference in frequency (1), motivation (2) of visitation and benefits
and services perception (3) regarding public green spaces by respondents without (No) and with (Yes)
access to a private green space (pre and during the pandemic), Table S9. Frequency of visitation of
public green spaces in relation to variables connected to the demographic and the presence of private
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by respondents, in relationship to independent variables, Table S12. Missed things related to green
spaces indicated by respondents, Table S13. What was missed by respondents (n = 394) in relation
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spaces during the pandemic by COVID-19 in Birjand.
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Abstract: The purpose of this study is to derive the subjective perception about COVID-19 of
public space employees and to identify the characteristics of COVID-19 related issues. By using
the Q-method, 24 workers in four public spaces located in Blacksburg, Virginia, USA were selected
as P-Sample and Q-Sorting was conducted. Three types of perceptions were identified; Type 1
(Expansion of Non-Face-To-Face Service), Type 2 (Expansion of Professional Labor), and Type 3
(Expansion of Welfare Service Type). All three types recognized that when a confirmed case occurs
in a public space, the right and safety of users or communities to know is important, and accurate
information must be provided, because it is necessary to prevent the spread of infection. Above
all, these results show another side of the COVID-19 situation, as the participants in this study are
currently in charge of various tasks such as quarantine and service provision in public spaces. This
study can be used as basic data for policy response and system improvement of public spaces in the
event of an infectious disease such as COVID-19 in the future.

Keywords: COVID-19; public space; perceptions; employees; Q-methodology

1. Introduction

Public spaces including urban parks and plazas are universal leisure facilities where
people spend a lot of time, and their functions are very diverse. Public spaces play
a role in managing the health of people, such as operating various leisure programs,
volunteering, and exercising. As the scenery of the public life, these places are of prime
significance in various fields of study in urbanism and the history of city planning [1,2].
Various types of public spaces are significant elements of any habitable, sustainable urban
development [3–5]. The concept of a public space raises different functions of outdoor
public assembly spots [6,7] and neighboring spaces between buildings [8,9]. Key examples
of public spaces in urban areas are cafes, retail bazaars, theme parks, streets, and pedestrian
walkways [10–12]. Due to these various functions, high-quality public space is positioned
as a crucial system in our society in improving the quality of life of people.

However, the COVID-19 pandemic, which has been going on since early 2020, is
having a huge impact on our lives. Preventive measures against infectious diseases that
have never been experienced, such as social distancing and wearing masks, had to be
implemented in daily life. As this situation continues, members of society of all ages
are having a hard time enduring various types of difficulties [13]. These difficulties are
particularly evident in public spaces. Restrictions on the use of public spaces are one of the
key policy measures to reduce the spread of COVID-19 and protect public health [14,15]. In
other words, in a pandemic environment, public spaces often limit service provision and are
repeatedly closed for a certain period of time. As the media and many scholars have already
pointed out, there has been widespread recognition that the COVID-19 pandemic would
demand a New Normal and will completely change the flow of world civilization [16].
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Most of the preceding research on COVID-19 has been limited to establishing an
infectious disease response system in the health sector. These studies mainly related to the
quarantine method, monitoring system and information sharing, epidemiological investi-
gation, diagnostic testing, crisis situation determination and response process, preparation
and response for infectious disease management in medical institutions, and local re-
sponses [17–19]. Moreover, in the medical field, research on infectious disease mechanisms,
treatment technologies, vaccines, diagnostic technologies, surveillance epidemiology, and
infrastructure construction are being carried out [20,21]. When it comes to infectious dis-
eases, policies aimed at reducing social contact and limiting mobility have been used for
centuries [22–24]. Movement has been shown in numerous studies to influence disease
transmission and incidence [25,26]. Therefore, most of the studies on the interrelation
between the pandemic and spatial aspects aim to measure the level of social interaction and
mobility for a large population in a large geographic area and then quantify its transmission
rate and impact. To date, various studies worldwide have researched COVID-19 using
geographic information systems (GIS), which focused on spatiotemporal analysis, data
mining, environmental variables, and health and social geography [27–29].

As social distancing measures are vital part of mitigating pandemics [30], planners,
designers, architects, landscape designers, and journalists are already predicting and
studying how this crisis will change the interactions between people in public spaces [15,31].
In a pandemic situation, employees of public space are members of organizations who play
an important role in providing services in accordance with the government’s quarantine
guidelines. So far, there have been a few studies regrading employees’ physical health, but
no concrete studies on the perception of their workspace and the workload for which they
are responsible. They may experience various social, psychological, health difficulties, and
conflicts as they have to take on the role of supporters in managing visitors on the front
line from the risk of an infectious disease they have never experienced before. However, as
mentioned above, most of the studies related to infectious diseases have been conducted
as large-scale and quantitative studies. Measuring and quantifying the level of social
interaction and mobility for large populations over large geographic areas is often not
feasible. Thus, the purpose of this study is to derive the subjective perception about COVID-
19 of public space employees and to identify the characteristics of COVID-19 related issues.
To this end, Q-Methodology, which is a useful analysis method for measuring the subjective
perception on a specific topic [32,33], has been used in this study. In particular, we posit the
preparation in relation to policy development for public space management by examining
the perception of workers in public places about COVID-19 in the process of coping with
the pandemic.

2. Public Space and Psychological Distance during the Pandemic

Recent studies have shown that access to urban spaces has positive effects during
the situation of social distancing [34,35]. Therefore, in order to accurately predict the
user pattern of public spaces in the post-pandemic era, it is necessary to understand the
factors affecting outdoor activities due to the pandemic at the level of individuals who are
consumers and providers of outdoor activities.

Historically, public spaces have been regarded as timeless, transformative, and elusive
entities for a city’s urbanism [36]. A public space that reflects a wider society [37] has
been perceived as providing different functions to users in different ways; this became
a precursor in questioning the public space beyond a concept of singularity [38]. It is
critical to first take into account the conscious structuring of places in an attempt to
minimize unsettling encounters with people who could threaten the accepted narratives of
a specific place [39]. In addition, the ways that public spaces are inclusive and exclusive
at the same time presents a paradoxical situation. For example, public spaces can be
relatively more accessible while being more closed, depending upon the individual and
the associated public.
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Before COVID-19, the discussion around the term public space led to definitions that
captured various characteristics. Definitions of public space evolved around considera-
tions of ownership [39], human behavior [40], the democraticness and responsiveness of
places [41], and accessibility [42]. Seemingly shared and accessible public open spaces have
been replaced by more orderly places exposed to control, power, exclusion, and inacces-
sible narratives [39,43–46]. Uncertainty of diversity, urban spontaneity, and captivation
of urban flavor have been replaced by expectations and knowledge of the quality of the
urban environment. This is a cumulative result of a planning and governance structure
that responds (or fails to respond) to deeper structural changes occurring in society [47].

However, COVID-19 has significantly highlighted the lack of accessible and usable
public space. Continuous development trends have deprived people of adequate local
public spaces or suitable alternatives in their homes, including semi-private or semi-public
spaces [48].

The low proximity between social actors in an urban environment is a natural side
effect of increasing urban density, and in return, it appears to be associated with the spread
of infectious diseases [49]. In this regard, urban morphology has been shown to influence
the spread of COVID-19 in a variety of ways, for example, access to open spaces [50].
Obviously, the transmission of COVID-19 has a strong proximal dimension as it requires
close personal contact [51]. Therefore, effective policies for social distancing come from
changing social norms or limiting activities in public spaces where reduction in personal
distance is inevitable.

During the COVID-19 pandemic, most people isolated themselves from physical
contact while working from home, using digital connections, and using digital public
spaces to maintain social distancing [52]. Most people have shifted from the traditional
way of working to a “do it yourself in the living room” approach, where the home is
now a production space where workshops are organized to perform work tasks and
duties. Salama [30] maintains that currently we are in a transition period called the ‘new
normal’, which will eventually become a stable condition of the actual normal. However,
from a psychological point of view, social distance is classified as a type of psychological
distance [53,54]. Psychological distance refers to how close an object is psychologically to
the now, here, or self. Types of psychological distance include temporal distance, spatial
(or spatial) distance, social distance, and virtual (or probabilistic) distance [53]. In this
psychological distance, differences lead to differences in responses to objects. For example,
people’s perception of global warming was different when they heard that a natural disaster
related to global warming occurred in their area. [55–59]. Therefore, examining public
space employees’ perceptions of COVID-19 could be a way of seeing the psychological
distance to COVID-19. In addition, this may provide a clue for the direction of the space
operation program in the post-COVID-19 era.

3. Methodology

3.1. Q-Methodology

This study used the Q-methodology to identify and categorize the subjective per-
ceptions of COVID-19 workers in public spaces. The Q-methodology is one of the factor
analysis methods in which the unit of analysis becomes a human and groups people with
similar response patterns. In particular, this method is suitable for this study in that it is a
method for objectively measuring values, beliefs, attitudes, etc., which can be regarded as
the subjective domain of human beings, in that a more objective approach to the domain of
human subjectivity is possible. In other words, in objectifying subjectivity, it is a method of
gathering people who have similar reactions to a specific object or issue and confirming
the contents of these people’s reactions.

3.2. Q-Statements

The Q-Statement is a statement that is representative of the research topic and functions
similarly to the scale of quantitative research. Q-Statements refer to the totality of feelings
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and opinions shared within a culture as the sum of all subjective statements that each
individual can communicate about a research topic [60,61]. Q-Statements collection can be
accomplished by mobilizing various methods, for example, the researcher contacts people
related to the research topic and conducts an in-depth interview or reviews various types
of literature related to the research topic [60].

In this study, Q-Statements were selected by conducting in-depth interviews and
literature research on public space workers. In-depth interviews were conducted with
five urban park managements using unstructured open-ended questions. Based on the
results of these in-depth interviews and literature review, a total of 98 questions directly
and indirectly related to the response of public spaces workers to COVID-19 were derived
as the first statement. Among the first statements, similar or duplicate items were deleted
and merged, and 55 items were extracted secondly, and after verification by two professors
of landscape architecture, 32 items were finally selected as a Q-Statements. The 32 Q-
Statements are shown in Table 1 below.

Table 1. Finalized Q-Statements.

No. Q-Statements

1 I am very concerned about the possibility of infection among employees and users in public spaces.

2 Users are reluctant to use the service due to concerns about the COVID-19 infection.

3 When a confirmed case occurs in a public space, there is concern about it being reported in the media.

4 Users’ physical function was greatly reduced due to the closure of public spaces and restrictions on outdoor activities.

5 Psychological anxiety, depression, and feelings of isolation increased due to restrictions on the use of visitors who used
public spaces on a regular basis.

6 The closure of public spaces will affect the mental health of users who frequently use periodic activity programs.

7 The most serious problem is that the vulnerable are at risk by closing public spaces or providing
non-face-to-face services.

8 Because vulnerable groups have many limitations in using non-face-to-face services, the problem of closure of public
spaces cannot be solved with non-face-to-face services alone.

9 In order to be able to provide online services, it is necessary to educate public space employees on the production of
related contents.

10 Budget support and infrastructure (Wi-Fi, video production, and editing facilities, etc.) for providing online services in
public spaces should be provided.

11 The provision of online services has limitations due to publicity, gaps in users’ ability to use, and decreased access
to devices.

12 Due to COVID-19, office work such as recording and reporting is overloaded and difficult.

13 Due to COVID-19, disinfection and quarantine work is overloaded.

14 Wearing a mask all the time is difficult.

15 In response to COVID-19, staff in public spaces are well coordinated and controlled.

16 Public spaces are rather safe zones because they are thoroughly controlled and quarantined as much as possible.

17 Currently, local governments are responding relatively well to COVID-19 in consideration of the overall situation of
public spaces.

18 It is important to actively cooperate with government policies on quarantine.

19 The operation of public spaces is actively responding well to the prevention of COVID-19.

20 Because public spaces are closed, it’s hard because people assume that employees are resting.

21 Education on health and infectious diseases, such as quarantine and disinfection, is sufficiently provided.

22 In public spaced, efforts are being made to develop programs suitable for non-face-to-face situations or services for
high-risk groups.

23 In the future, measures should be taken to examine and prepare for various aftereffects on dogs caused by COVID-19.
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Table 1. Cont.

No. Q-Statements

24 The minimum face-to-face programs or services that must be operated should be maintained.

25 A response system should be prepared for crises and emergency cases.

26 Support for quarantine items and quarantine should be given priority (for example, daily disinfection support by a
professional quarantine company, portable thermal imaging camera, etc.).

27 It is necessary to diversify the working patterns of public space employees (such as telecommuting, flexible, selective
work, etc.).

28 When a confirmed case occurs, it is necessary to have a press guideline that reports only the type and area of the welfare
center without disclosing the name of the public space.

29 It is also important for each public space to make its own efforts to respond to COVID-19.

30 Replacement labor should be hired for the exclusion of self-quarantining employees.

31 There is also a need for medical personnel who can reside in public spaces.

32 During the COVID-19 period, any program that can maintain the previous daily life should be strengthened.

3.3. P-Sample

The P-Sample means selecting the research subjects who will respond to the Q-Sample.
Since the Q-Methodology aims to grasp the subjective perception of a specific topic rather
than the generalization of the research, the subjects related to the research purpose are
generally composed of the P-Sample [62,63].

In the Q-methodology, the P-sample is based more on the depth of experience and in-
formation on the research question than on the representativeness of the population [61,64].
Therefore, in this study, it was considered that the workers related to public space programs
were appropriate for analysis in that they had a relatively comprehensive understanding
of public space management. The sampling method was snow-balling. This is a strategy
mainly used by researchers to increase social access to upper echelon research subjects. On
the other hand, the disadvantage of this method is that members in the human network
based on friendship can maintain homogeneous values and perspectives. In order to
control this, the researcher explicitly revealed these issues to the research subjects during
the sampling process and asked them to direct individuals who are connected based on
formal-functional relationships rather than acquaintances. The sampling results are pre-
sented in Table 2 below. In consideration of the social sensitivity of the research subject,
the study subjects were anonymized, and only the minimum identification information
meaningful to the study was disclosed. Therefore, this study consisted of 24 workers in
four public spaces located in Blacksburg, Virginia in USA as a P-Sample. Although the
number of P sets was small, major actors from the public spaces were generally included.

Table 2. Composition of P sets.

General Category Specific Category Number

Public Park

Program Director 3

Recreation Coordinator 5

Recreation Assistant 6

Trail
Program Director 2

Activities Assistant 4

Park and Natural Area
Conservation Manager 1

Program Assistant 3

Total 24
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All the data for analysis were collected from 13 October to 10 December 2020. The data
collection was conducted by visiting each public space directly by the researcher and was
conducted in compliance with the quarantine guidelines for the prevention of COVID-19.
In order to comply with research ethics, the purpose of the research was fully explained
before the investigation, consent to participate in the research was obtained, confidentiality
of personal information, free participation in research, and guidance on Q-Methodology
were individually implemented.

When examining the characteristics of the P-Sample participating in this study, fo-
cusing on gender, age, and work experience, the gender was found to be 61.6% female
and 38.4% male. By age group, 21.7% were in their 20s, 43.5% in their 30s, and 30.4% in
their 40s.

3.4. Q-Sorting

Q-Sorting is the process of classifying the subjects according to the degree to which
they agree or disagree with each Q-statement. This process focuses on how the entire
item is distributed to each individual rather than for or against a specific item. One can
arrange the samples according to the relative importance of the Q-Statements. There are
two types of Q-Statements classification methods: the free distribution method, which is
arbitrarily classified by the research subjects, and the forced distribution method, which
usually presents the classification framework in the form of a normal distribution [33,65].
This study was classified according to the forced distribution method. First, the subjects
of the P sample read each statement card and grasped its contents, and then, in a broad
framework, were first classified into three groups: disagree, neutral, and agree. Finally, the
Q-Statements were arranged to have a distribution as shown in Figure 1 below, and after
classification, the reasons for choosing each of the two statements with the most agreement
or the most disagreement were specifically stated.

Figure 1. Distributions of Q-Sorting.

3.5. Q-Analysis

The stage of analysis in the Q-method refers to the stage of categorizing individuals
according to the degree of cognitive similarity through the scores surveyed based on the
responses of the questionnaire discussed above, and capturing features or finding correla-
tions based on the typed results [61,62,66]. The response values given to the questions were
integer values ranging from −4 (most negative) to 4 (most positive). In previous studies,
values ranging from –5 to +5 were often used, but since the number of questions (N = 32)
used in this study was relatively small, the range of response values was reduced to control
outliers in the results.

The PQMethod analysis program (ver 2.35) was used for typing and correlation
analysis, and correlations and factors of items were analyzed by varimax rotation. The
researcher gave appropriate labels to the clusters of the types that appeared as a result
of the analysis to intuitively indicate the classification and characteristics between the
groups. Response values corresponding to each type were standardized and replaced with
a ‘Z-Score’, and their intensity was measured as an indicator of the relative distances in
which the responses were distributed. Because Z-Scores have a standardized distribution,
they provide a standardized framework for comparing the strengths of each response
value in comparisons between types. In the interpretation of the results, it was necessary
to accompany the process of supplementing the interpretation based on the fact that
response results with factor weights of 1.00 or more usually contain singularities. Thus,
each comment (follow-up interview) was received from the participants for the statements
placed at both ends, and the contents of representative comments were used as quotations
if necessary to help the reader understand.
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4. Results

4.1. Recognition Types and Structures

As a result of the analysis, the perception of workers in public places about COVID-
19 can be divided into three types. Each type was derived based on the significance of
uniqueness and correlation between types. The eigen values of each type were 6.6418 for
Type 1, 3.5115 for Type 2, and 2.1238 for Type 3. The explanatory variables of each type
were 23% for Type 1, 14% for Type 2, and 14% for Type 3, and the total explanatory variance
for the three types was 51%. The number of workers belonging to the three types was
twelve in Type 1, six in Type 2, and five in Type 3, a total of twenty-three people, and the
other one was not included in any of the types (Table 3).

Table 3. Eigenvalues and explanatory variables of types.

Type 1 Type 2 Type 3

Eigen value 6.6418 3.5115 2.1238

Explanatory variable 23% 14% 14%

As presented in Table 4, the correlation between Type 1 and Type 3 was r = 0.462,
Type 1 and Type 2 was r = 0.062, and the correlation between Type 2 and Type 3 was r =
0.221, indicating a relatively low correlation. A low correlation indicates that each type
has high independent explanatory power, and it can be interpreted that the subjective
perceptions of respondents belonging to each type are different from each other.

Table 4. Correlation between types.

Type 1 Type 2 Type 3

Type 1 1

Type 2 0.062 1

Type 3 0.462 0.221 1

4.2. Characteristics by Type

The analysis of the characteristics of each type is as follows, focusing on the reasons
for selecting the statement for each type and the statement with the most agreement
or disagreement.

4.2.1. Type 1: Expansion of Non-Face-To-Face Service

The statements with which Type 1 agrees or disagrees at a standard score of +1 or
higher are shown in Table 5 below. Participants belonging to Type 1 agreed that making
efforts to develop programs suitable for non-face-to-face situations or services for high-risk
groups in public spaces is significant. They were also actively responding well to the
prevention of COVID-19, and recognized that it was important to actively cooperate with
the government’s quarantine policy. In addition, they anticipated that regular visitors felt
that depression, anxiety, and feelings of isolation increased due to restrictions on the use of
public spaces, and they perceived limitations in providing online services due to the gap
in visitors’ ability to use and access. On the other hand, they did not have any concerns
about a confirmed case among public space users being reported to the media, and did not
agree with the need for reporting guidelines such as not disclosing the specific name of a
public space when a confirmed case occurs. In addition, they disagreed that disinfection
and office work were overloaded due to the COVID-19, and that visitors were reluctant to
use public spaces due to concerns about COVID-19 infection.

29



Land 2021, 10, 1332

Table 5. Representative Q Statements and Standard Scores of Type 1.

No. Q-Statement Z-Score

22 In public space, efforts are being made to develop programs suitable for non-face-to-face
situations or services for high-risk groups. 1.724

11 The provision of online services has limitations due to publicity, gaps in users’ ability to use, and
decreased access to devices. 1.303

19 The operation of public spaces is actively responding well to the prevention of COVID-19. 1.275
18 It is important to actively cooperate with government policies on quarantine. 1.181

5 Psychological anxiety, depression, and feelings of isolation increased due to restrictions on the
use of visitors who used public spaces on a regular basis. 1.178

3 When a confirmed case occurs in a public space, there is about it being reported in the media. −1.806
13 Due to COVID-19, disinfection and quarantine work is overloaded. −1.788

28 When a confirmed case occurs, it is necessary to have a press guideline that reports only the type
and area of the welfare center without disclosing the name of the public space. −1.780

2 Users are reluctant to use the service due to concerns about COVID-19 infection. −1.728
12 Due to COVID-19, office work such as recording and reporting is overloaded and difficult. −1.691

Looking more specifically at the reasons for choosing the statements that the type
1 participants most agreed or disagreed with, first, they said that public space actively
copes with the situation; “We are developing and providing a variety of face-to-face and
non-face-to-face programs that can be conducted flexibly in accordance with the quarantine
guidelines. This has resulted in a positive response from visitors (Respondents 2, 12, 19, and
21)”. On the other hand, they also revealed the limitations of providing non-face-to-face or
online services; “it is regrettable because we know that online access is very low for the
vulnerable group (Respondent 14), most seniors are vulnerable to digital capabilities, and
some programs of public spaces are limited in non-face-to-face application to them because
social-interaction is essential (Respondents 6 and 21), and that the provision of services
using smartphones is limited by region and by class (digital underprivileged) is a problem
that is already being discussed in the field (Respondent 22)”.

Meanwhile, “COVID-19 is contagious, so it is important to cooperate with the gov-
ernment guidelines prepared by experts to prevent the spread of infection quickly, and
the safety of users with weak immunity is more important than worrying about the news
and publicity. It is necessary to be careful (Respondents 11 and 14); if there is a confirmed
case, the information should be disclosed that the area is at risk (Respondent 2 and 13)”.
In addition, “there are many inquiries about the use of public spaces, and users have a
lot of opinions that it is better to proceed with the service, and they think that the desire
to use the service has rather increased as it has been prolonged (Respondents 2, 5, and
11). They recognized that information about the occurrence of an infected person in the
relevant place should be clearly communicated.

4.2.2. Type 2: Expansion of Professional Manpower

Statements in which Type 2 agreed or disagreed at a standard score of +1 or higher are
presented in Table 6 below. Workers belonging to Type 2 thought that medical experts who
can reside in public spaces are required, and they also recognized that they are making
efforts to develop programs suitable for non-face-to-face situations or services for high-risk
users. In addition, although the employees are cooperating and controlling the COVID-19
situation well, they also felt difficulties as the disinfection, quarantine, and office work
were overloaded due to COVID-19.

On the other hand, they did not agree on the necessity of reporting guidelines, such
as not disclosing the name of a public place when a confirmed case occurred. They also
felt that local governments were not handling the situation in public spaces well. They
disagreed on the necessity of supporting living services for visitors or the importance of
the efforts of public places themselves in responding to COVID-19. They recognized that
wearing a mask does not feel burdensome to them.
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Table 6. Representative Q Statements and Standard Scores of Type 2.

No. Q-Statement Z-Score

31 There is also a need for medical personnel who can reside in public spaces. 1.724

22 In public space, efforts are being made to develop programs suitable for non-face-to-face
situations or services for high-risk groups. 1.303

13 Due to COVID-19, disinfection and quarantine work is overloaded. 1.275
12 Due to COVID-19, office work such as recording and reporting is overloaded and difficult. 1.181
15 In response to COVID-19, staff in public spaces are well coordinated and controlled. 1.178

28 When a confirmed case occurs, it is necessary to have a press guideline that reports only the type
and area of the welfare center without disclosing the name of the public space. −1.806

17 Currently, local governments are responding relatively well to COVID-19 in consideration of the
overall situation of public spaces. −1.788

32 During the COVID-19 period, a program that can maintain the previous daily life should rather
be strengthened. −1.780

29 It is also important for each public space to make its own efforts to respond to COVID-19. −1.728
14 Wearing a mask all the time is difficult. −1.691

Specifically, looking at the reasons why public space workers belonging to Type 2
chose the statements that they most agreed or disagreed with, first of all, regarding the
need for medical experts as employees in public spaces, “because many visitors need them
(Respondent 1), all employees can learn medical knowledge through education, but their
expertise is low, and the current workforce is too heavy (Respondents 3 and 7)”. In addition,
about the overload of work due to the COVID-19, “I am embarrassed to do things I have
never experienced before. The burden and fear of the process are great (Respondent 1), and
although it is natural process for disinfection and quarantine to be carried out for visitors,
there are situations in which the quarantine task is more important than the actual program
(Respondent 17)”. In addition, when it comes to reporting guidelines when a confirmed
patient occurs, “Basically, in public facilities, users have the right to know, so it is necessary
to provide accurate information about the confirmed patient (Respondent 18), the burden is
high and each public space has its own characteristics, so guidelines that take into account
the situation are needed (Respondent 1), although individual efforts are important at the
level of public space, a joint response is needed more (Respondent 1)”.

Combining the above analysis, Type 2 was labeled ‘Expansion of Professional Labor’.
The most prominent characteristic of public space workers belonging to Type 2 is that they
recognize that medical experts as employees in public spaces are needed above all else. In
addition, this is a type that feels that the work such as disinfection, quarantine, and office
work is overloaded due to COVID-19.

4.2.3. Type 3: Expansion of Welfare Service Type

The statements with which Type 3 agree or disagree at the standard score of +1 or
higher are shown in Table 7 below. Participants belonging to Type 3 recognized that the
most serious problem is that regular visitors who visit for health care are at risk due to
the closure of public spaces, which increases psychological anxiety and depression among
regular users. For this reason, they believed that non-face-to-face service alone cannot solve
the problem of closure, and that online service provision has limitations due to gaps in users’
ability to use and reduced accessibility. In addition, they were concerned that an infected
person may come out among public space employees and users, but they recognized
that public space management is responding well to COVID-19 prevention. They also
considered that budget support and infrastructure should be prepared for providing online
services within public institutions.
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Table 7. Representative Q Statements and Standard Scores of Type 3.

No. Q-Statement Z-Score

7 The most serious problem is that the vulnerable are at risk by closing public spaces or providing
non-face-to-face services. 1.794

5 Psychological anxiety, depression, and feelings of isolation increased due to restrictions on the use of
visitors who used public spaces on a regular basis. 1.566

8 Because the vulnerable group has many limitations in using non-face-to-face services, the problem of
closure of public spaces cannot be solved with non-face-to-face services alone. 1.350

1 I am very concerned about the possibility of infection among employees and users in public spaces. 1.293
19 The operation of public spaces is actively responding well to the prevention of COVID-19. 1.183

11 The provision of online services has limitations due to publicity, gaps in users’ ability to use, and
decreased access to devices. 1.119

10 Budget support and infrastructure (Wi-Fi, video production, and editing facilities, etc.) for providing
online services in public spaces should be provided. 1.047

31 There is also a need for medical personnel who can reside in public spaces. −1.808

26 Support for quarantine items and quarantine should be given priority (for example, daily
disinfection support by a professional quarantine company, portable thermal imaging camera, etc.). −1.324

30 Replacement labor should be hired for the exclusion of self-quarantining employees. −1.297

28 When a confirmed case occurs, it is necessary to have a press guideline that reports only the type and
area of the welfare center without disclosing the name of the public space. −1.253

32 During the COVID-19 period, a program that can maintain the previous daily life should rather
be strengthened. −1.216

13 Due to COVID-19, disinfection and quarantine work is overloaded. −1.159

27 It is necessary to diversify the working patterns of public space employees (such as telecommuting,
flexible, selective work, etc.). −1.145

14 Wearing a mask all the time is difficult. −1.074

On the other hand, they do not agree with the necessity of medical personnel re-
siding in public spaces, priority support for quarantine, and replacement of staff for
self-quarantine. In addition, they do not agree with the strengthening of daily life services,
the diversification of work patterns for public space employees in the future, the confiden-
tiality of the public space name in case of a confirmed case. Wearing a mask while working
is not as uncomfortable for them as Type 2.

Specifically, looking at the reasons why workers belonging to Type 3 chose the state-
ment that they most agreed or disagreed with, first, regarding the vulnerable group in the
context of the suspension of public space operation, “Since the meaning of public space is
very significant in the daily life of the elderly of the vulnerable class, it is appropriate to say
that daily life has collapsed, and proper services are not provided to them at present. (Re-
spondents 16 and 23), I am feeling and witnessing it (respondents 4, 16, and 24), in the era
of the COVID-19 pandemic, face-to-face and non-face-to-face services must be conducted
together, so prepared infrastructure for environment is essential (Respondent 24)”. Also,
regarding the need for medical experts in public spaces, “currently, medical personnel are
resident (Respondent 15); employees are well-trained, and it is more burdensome for more
medical personnel to come (Respondent 4)”. On the other hand, there were opinions about
the quarantine tasks such as “as it is a necessary and natural task, I do not feel that the
quarantine tasks are excessive, it must be done unconditionally to the extent possible and
all employees share the task (Respondents 16 and 24)”.

Combining the above analysis, the Type 3 were named ‘Expansion of Welfare Service
Type’. Public space workers belonging to Type 3 perceived that the health of visitors
deteriorates due to closure of public spaces and the increase in vulnerable groups at risk
are the most serious problems. While they felt that welfare services should be expanded in
preparation for this, they also had a negative perception of the need for medical personnel
or substitute personnel in public spaces.
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4.3. Comparison between Types

First of all, Type 1 and Type 2 had different perceptions of work overload due to
COVID-19. Type 2 thought that work was overloaded due to COVID-19, whereas Type 1
disagreed (see Table 8).

Table 8. Comparison between Type 1 and Type 2.

Q-Statement
Z-Score

Type 1 Type 2 Difference

13 Due to COVID-19, disinfection and quarantine work is overloaded. −1.788 1.608 −3.396

12 Due to COVID-19, office work such as recording and reporting is
overloaded and difficult. −1.691 1.484 −3.175

There was no significant difference between Type 1 and Type 3. On the other hand,
Type 2 and Type 3 had conflicting perceptions about the need for resident labor in public
spaces, as shown in Table 9. In other words, Type 2 recognized the need for medical
personnel to reside in public spaces, whereas Type 3 did not.

Table 9. Comparison between Type 2 and Type 3.

Q-Statement
Z-Score

Type 1 Type 2 Difference

31 There is also a need for medical personnel who can reside in public spaces. 1.987 −1.808 −3.795

Meanwhile, the three types of common perception are shown in Table 10. All three
types actively supported the disclosure of the names of public spaces in the event of
a confirmed case in common. This suggests that all three types comply with the local
residents’ right to know by providing accurate information and agree with the community’s
safety and infection prevention policy.

Table 10. Common items between the 3 types.

Q-Statement Z-Score

28 There is also a need for medical personnel who can reside in public spaces. −1.654

5. Discussion

All three types recognized that when a confirmed case occurs in public space, the
right and safety of users or communities to know is crucial, and accurate information must
be provided as it is necessary to prevent the spread of infection. Above all, these results
show other sides of the COVID-19 situation as the participants of this study are currently
in charge of various tasks such as quarantine and service provision in public spaces. In
seeking specific countermeasures based on these types of perceptions of workers, it is
necessary to first consider the common perceptions of each type. On the other hand, for
the part that shows contradictory perceptions, it is necessary to examine the regulations
and circumstances surrounding public space more precisely. Based on this, specific policy
recommendations for the operation of public spaces when an infectious disease such as
COVID-19 spreads in the future are presented as follows.

First of all, due to the closure of public spaces and the limitations of service provision
due to COVID-19, users who regularly visit public spaces for the purpose of exercise face
various difficulties such as physical, psychological, and daily life. In particular, since this
deteriorates the health and quality of life of the vulnerable, such as the elderly [67,68], it
is necessary to establish a safe and stable service provision system even in the case of an
infectious disease. In other words, in the event of an infectious disease outbreak, specific
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measures should be prepared so that the service can be safely and stably provided, rather
than a total service cessation. In particular, since the elderly gain vitality from meeting and
talking in public spaces and checking each other’s safety, face-to-face services as small as
possible should be provided while complying with infectious disease-related regulations.
For this, it is necessary to consider how to organize operating costs, subdivide labor, or
restructure staffing as needed.

Secondly, the current operating guidelines for public spaces do not presuppose the situ-
ation of infectious diseases. Therefore, taking into account the opinions of the medical com-
munity who are concerned about the continued occurrence of infectious diseases [69,70],
it is necessary to prepare operational guidelines and evaluation guidelines suitable for
the situation and conditions of public spaces that can respond to infectious diseases in
the future. In an existing study, an Australian case presented a manual on procedures,
education and worker training, and a monitoring system to provide care to clients at the
time of MERS [71], and the elderly at home in response to this COVID-19 As in the case of
the publication of rules for providing meal services for children [72], specific operational
guidelines and appropriate public space evaluation guidelines should be prepared so that
public spaces can provide services even in an infectious disease situation. In addition,
as the provision of non-face-to-face services such as phone safety checks increases, work
standards for telecommuting, etc., should be revised together.

Thirdly, it is necessary to prepare an integrated face-to-face and non-face-to-face
welfare platform to respond more actively to COVID-19. One of the methods of providing
services in public spaces in response to infectious diseases is the provision of non-face-
to-face services using IT technology [72–74]. To this end, access to media should be
strengthened for users and workers in public spaces, and not only equipment and facilities
for online education should be reinforced, but also online utilization capabilities should be
improved. In particular, since digital access is weak in the case of the elderly, it is necessary
to prepare an education program to bridge the gap. In addition, it is necessary to strengthen
the capacity of workers to produce and edit online videos or operate equipment, so that
video production is possible in the public space itself. Therefore, it is necessary to secure
the budget for these changes and to flexibly reorganize the institution.

Fourthly, programs that should be operated as face-to-face services and tasks to
discover and manage target audiences must be combined. The occurrence of infectious
diseases is more dangerous in vulnerable groups [75,76], and it is necessary to demonstrate
expertise in case management for the vulnerable to minimize the negative impact of
infectious diseases on the vulnerable [75,77,78]. In addition, as a result of this study,
some cognitive types (Type 2) suggested the need to expand physical and mental health
professionals such as nurses and mental health experts from the existing social worker-
centered human resources structure in public spaces. This provides a clue that it may be
necessary to provide services in public spaces to reorganize the workforce structure to
constantly respond to infectious diseases in the future.

Fifthly, according to the research of Northwestern University in the USA, in the
correlation between vitamin D and the death rate of COVID-19, patients in countries with
high mortality rates such as Italy had lower vitamin D levels compared to countries that
did not. These results show the importance of outdoor programs where people can be in
sunlight. Therefore, in preparation for the post-coronavirus era, it is necessary to prepare
various public space programs that are not limited to indoor public space programs, but
expand outdoor programs such as walking on outdoor trails taking social distancing
into consideration.

Finally, to prepare for the post-COVID-19 era, a big data management system to
overcome the crisis should be established. In order to properly intervene by time, target,
high-risk person, and project while considering the infectious disease warning stage and the
distancing stage [79], some data on public space users must be established. This should pro-
vide individual customized services by building data on users, such as whether emergency
measures are necessary according to the status of general visitors of public spaces.
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6. Conclusions

This study attempted to investigate the situation of public spaces due to COVID-19
in more detail by understanding the types of perceptions of COVID-19 workers in public
spaces. Based on this, we attempted to explore appropriate countermeasures for public
spaces in the outbreak of a large-scale infectious disease such as COVID-19. By using the
Q-method, 24 workers in four public spaces located in Blacksburg, Virginia, USA were
selected as P-Sample and Q-Sorting was conducted. To summarize the study results, there
were three types of subjective perception types of public space workers regarding COVID-
19. Type 1 was named as ‘Expansion of Non-Face-To-Face Service’, and employees in this
type perceived that they were actively and flexibly responding to the situations arousing
in public space due to COVID-19. In addition, they were concerned about the worsening
situation of particularly vulnerable users due to restrictions on the use of the public
space. They also recognized that information about the occurrence of an infected person
in the public space should be clearly communicated. Type 2 was named as ‘Expansion of
Professional Labor’, and it was found that workers belonging to Type 2 recognized that
medical personnel as employees in public spaces were needed above all else. As a type of
person who felt that disinfection, quarantine, and office work were overloaded due to the
COVID-19, they considered that a government response was necessary in consideration of
the overall situation of public spaces. Type 3 was labeled as ‘Expansion of Welfare Service
Type’, and they perceived that the health of visitors deteriorates due to closure of public
spaces and the increase in vulnerable groups at risk are the most serious problems. While
it is necessary to expand welfare services, they had a negative perception about the need
for resident medical personnel or substitutes in public spaces.

This study attempted to make policy recommendations on the perception of infectious
diseases for public space workers in the context of infectious diseases and the direction
of service provision in public spaces based on this. By doing so, this study can be used as
basic data for policy response and system improvement of public spaces in the event of
an infectious disease such as COVID-19 in the future. This study also has an implication
that the results provide a starting point for public spaces to provide continuous services
and programs even in the case of future infectious diseases. The spread of the disease has
caused a state of being classified as a new normal due to social distancing measures, and is
characterized by separation, isolation, and involvement in the virtual world, which focuses
on telecommuting through the use of information and communication technology. As a
result of attempts to limit the spread of the disease, the acceptability of the new normal
seems to be a stable state in the future, that is, a catalyst for the actual normal. While
dealing with health in the post-epidemic virtual world, negative consequences appear for
many people around the world to work in public spaces.

However, although this study systematically classifies workers’ perceptions of public
space services in the context of infectious diseases, there is a limitation in not providing
concrete and specific reasons why participants perceive them as they are. Moreover, given
the novelty of COVID-19 and other factors that may impede predictions of behavioral
changes (age, politics, and necessity), it is difficult to predict whether COVID-19 will lead
to long-term changes in human behavior in public places [80]. Therefore, in-depth studies
that complement these limitations should be continued in the future. Another strand of
qualifying studies examining the influence of infectious diseases on social interaction in
our daily life should be conducted to understand the mechanism between social interaction
and mobility [81].
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Abstract: The COVID-19 pandemic has been proposed as a catalyst for many U.S. residents to
re-engage in outdoor recreation or engage in outdoor recreation for the first time. This manuscript
describes the results of a representative U.S. national panel study aimed at better understanding the
socio-demographic profile (gender, ethnicity, community type, income, and age) of those participants
new to outdoor recreation since the start of the COVID-19 pandemic. In doing so, we address
how these new outdoor recreationists differ from (1) those who frequently participated in outdoor
recreation prior to the pandemic and continue to participate in outdoor recreation, (2) those who
did not frequently participate in outdoor recreation prior to the pandemic and remain un-engaged,
and (3) those who frequently participated in outdoor recreation prior to the pandemic but stopped
their frequent participation following the onset of the pandemic. Results from this U.S. national
study suggest that 35.8% of respondents indicated that they did not participate regularly in outdoor
recreation prior to the pandemic or during the pandemic, 30.4% indicated that they did participate
regularly in outdoor recreation prior to the pandemic and continued to do so regularly during the
pandemic, and 13.5% indicated that they did participate regularly in outdoor recreation prior to
the pandemic, but did not continue to do so during the pandemic. More than 20% of the sample
indicated that they were new outdoor recreationists. The majority of respondents in all categories,
including those that were new to outdoor recreation amidst the pandemic, identified as being white,
however these new outdoor recreationists were also the least ethnically diverse. The previously but
no longer outdoor recreationist respondents were significantly more ethnically diverse than the other
three groups, and they tended to live in more urbanized settings. Discussion of these results includes
implications for outdoor recreation managers, and researchers who seek to better understand who
the COVID-19 pandemic has influenced with regard to outdoor recreation participation. Implications
regarding social justice, access and equity to public places that facilitate outdoor recreation, and
health-related policies are discussed.

Keywords: COVID-19; pandemic; outdoor recreation; health; participation

1. Introduction

Outdoor recreation participation in the U.S. has been steadily increasing since the
1960s [1,2]. However, the COVID-19 pandemic, declared by the World Health Organization
in March of 2020, has been touted as significantly accelerating this broader increase in
outdoor recreation [3], although impacting different settings and demographics dispro-
portionately [4,5]. This has led to concerns and challenges for public land area managers
and tourism operators as they attempted to manage outdoor recreation as it fluctuated
(i.e., non-existent during closures; in some settings, all-time highs during openings) as the
pandemic and associated health measures evolved [6].
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Research regarding outdoor recreation trends associated with the pandemic suggest
that despite some pandemic-related closures of recreation areas, outdoor recreation use
spiked significantly in some settings [7–9]. For example, in large western U.S. national
parks such as Yellowstone, Grand Canyon, and Yosemite, visitation increased significantly
immediately following reduced restrictions on access [10]. Another study suggested that
the number of hikers in the U.S. increased by approximately 135% from 2019 to 2020 [11].
However, the above findings reflect certain locations and demographics, as other research
has noted decreases in use in locations such as urban parks, and discrepancies in visita-
tion frequency with specific demographics [4,5]. Similarly, recreation behaviors of avid
outdoor recreationists living in urban areas in the U.S. were more severely impacted by
the pandemic than those residing in rural areas [12], and decisions to pursue outdoor
recreation were influenced heavily by perceptions of risk [13,14]. Motivations for pursu-
ing outdoor recreation during this period have been largely driven by needs associated
with personal health and well-being [15], such as relieving stress and supporting men-
tal health, and facilitating physical health through outdoor exercise [16]. And, research
in the U.S. indicates that outdoor recreation during the pandemic has in fact, led to im-
proved mental health outcomes [17,18]. Similar health-related trends have been discovered
internationally [5,19,20].

Despite the limited but growing body of research regarding outdoor recreation as it
relates to the pandemic, very little is known about U.S. outdoor recreation participants
during this time. For example, are there new outdoor recreationists, driven to participation
by the pandemic? The Outdoor Industry Association and Naxion Research Consulting [21]
began exploring this question through a national panel of n = 613 participants that had
either “engaged in outdoor activities for the first time or for the first time in more than
a year since the onset of the COVID-19 pandemic” or “participated in outdoor activities
before the pandemic” (p. 21). This study indicated that outdoor recreationists during
the pandemic tend to consist of more females, are generally younger, more likely to live
in urban areas, and represent a slightly lower socioeconomic bracket than pre-pandemic
outdoor recreation participants [21]. While these findings represent an important initial
step in improving understanding of outdoor recreationists during the pandemic, the
criteria for being considered as a new or existing outdoor recreation participant was as
little as one occurrence [21]. Furthermore, the study was purposefully weighted to match
the U.S. population for gender, ethnicity, age, household income, and region [21]. This
robust census-matching approach is common for U.S. panel studies, but by purposefully
defining the demographic criteria, it may inaccurately represent actual new or existing
outdoor recreation participants. Additionally, the criteria for being considered as a “new
outdoor participant” was fairly minimal (i.e., as little as one occurrence) and not mutually
exclusive (i.e., first time in more than a year since the onset of the COVID-19 pandemic”
or “participated in outdoor activities before the pandemic”) [21]. Finally, other pandemic
and recreation-related research has highlighted inequities and decreases in recreational
opportunities for some demographics amidst the pandemic [4,5,12], further driving the
need for more understanding regarding recreation behaviors and demographics during
this unique period of time.

The purpose of this study was to further advance this initial research by examining U.S.
outdoor recreation demographic trends amidst the pandemic, by applying slightly different
methodological approaches than those used by the Outdoor Industry Association and
Naxion Research Consulting [21]. Additionally, given that there are currently no national
studies examining the demographics of new, current, and non-outdoor recreationist during
this unique and challenging time (at the time of this publication nearly two years since the
World Health Organization’s pandemic declaration), this study advances understanding
of these trends as well. Specifically, the purpose of this study is to examine how new
outdoor recreationists differ from those who frequently participated in outdoor recreation
prior to the pandemic and continue to participate in outdoor recreation, those who did not
frequently participate in outdoor recreation prior to the pandemic and remain un-engaged,
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and finally, those who frequently participated in outdoor recreation prior to the pandemic
but stopped their frequent participation following the onset of the pandemic.

2. Materials and Methods

This study used panel data, collected through Qualtrics International Inc. following
Institutional Review Board approval through the lead author’s University. Data were
collected through a paid panel of participants purposefully targeting adults age 18 or older,
residing within one of four geographically representative regions of the U.S., including the
Northeast, South, Midwest, and West [22]. While one main purpose was to further define
new outdoor recreation participants amidst the pandemic, we first screened participants
to determine who is, who is not, and who was but is no longer an outdoor recreationist.
Our goal was to collect a geographically representative sample of n = 1000 new outdoor
recreationists in the U.S. This sample estimate was informed by empirical political science
studies regarding sample size and inference, and recent nationwide COVID-19 vaccination
compliance research using similar sample sizes e.g., [23,24].

These data were not purposefully controlled to match the U.S. census, but rather
were allowed to be collected in a manner that represents the U.S. geographically, based
on outdoor recreation participation prior to and during the pandemic. This allowed us
to determine who these individuals are, rather than place census parameters in which
demographics may not match these outdoor recreationists groups. Panel respondents were
screened by inquiring whether or not they were “new or returning to frequent outdoor recre-
ation since the COVID-19 pandemic began” (Table 1). This was defined for respondents as
“someone who has started pursuing activities undertaken for recreation in nature-based
environments that generally involve some level of intentional physical exertion, at least
ONCE PER MONTH since March 2020, when the COVID-19 pandemic began.”

Table 1. Example of screening questions and subsequent groupings.

Participant Group

Non-Outdoor
Recreationist

Existing Outdoor
Recreationist

Previous, but No
Longer Outdoor

Recreationist

New Outdoor
Recreationist

Participated in
outdoor recreation
regularly prior to

pandemic?

No Yes Yes No

Participated in
outdoor recreation

regularly during
pandemic?

No Yes No Yes

The definition of outdoor recreation was derived from the U.S. Bureau of Economic
Analysis’s definition: “All recreational activities undertaken for pleasure that generally
involve some level of intentional physical exertion and occur in nature-based environments
outdoors” [25] (p. 4). This more stringent definition and criteria for evaluating outdoor
recreation participation was purposefully chosen to provide information for land man-
agers and the outdoor recreation industry regarding consistent and fairly frequent outdoor
recreationists. Outdoor recreation activities such as hiking, running outdoors, fishing, gar-
dening, camping or RVing, boating or sailing, and surfing for example, listed in the survey
instrument, mimicked previous research on national outdoor recreation participation [21].
Respondents were categorized into the four groups listed in Table 1 and responses in all
categories propagated until the quota of n = 1000 new outdoor recreationists in the U.S.
was met. Thus, data collection began on the 10th of May 2021, and concluded on the 13th
of June 2021, allowing for more than one-year of pandemic conditions to be considered as
context for the respondents.

Qualtrics conducted ongoing data cleaning throughout this period to ensure the
sample was collecting valid responses. Two binary questions asking about the same
behaviors were placed at different points in the survey to ensure identical responses.
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When identical responses were not recorded, the survey was removed from the dataset.
Further cleaning measures ensured that respondents were not “straight-lining” (answer-
ing the same response to each question) [26]. Statistical comparisons between the four
groups were analyzed using analyses of variance and Kruskal-Wallis H tests through social
science statistics software (SPSS)—depending on the nature of the variables measured
(nominal vs. continuous).

3. Results

3.1. Non, Existing, Previous but No Longer, and New Outdoor Recreationists Groups

Based on the initial screening questions, n = 1763; 35.8% of respondents indicated that
they did not participate regularly in outdoor recreation prior to the pandemic or during
the pandemic (Table 2). These individuals are noted as “non-outdoor recreationists.” A total
n = 1501; 30.4% indicated that they did participate regularly in outdoor recreation prior to
the pandemic, and continued to do so regularly during the pandemic. These individuals are
noted as “existing outdoor recreationists.” The smallest subset of respondents (n = 665; 13.5%)
indicated that they did participate regularly in outdoor recreation prior to the pandemic,
but did not continue to do so during the pandemic. We note these respondents as “previous,
but no longer outdoor recreationists”. Finally, the sample quota of n = 1000 (20.3% of the
overall sample) “new outdoor recreationists” were collected for comparison.

Table 2. Breakdown of non, existing, no longer, and new outdoor recreationists.

Participant Group

Non-Outdoor
Recreationist

Existing Outdoor
Recreationist

Previous, but No
Longer Outdoor

Recreationist

New Outdoor
Recreationist

Participated in
outdoor recreation
regularly prior to

pandemic?

No Yes Yes No

Participated in
outdoor recreation

regularly during
pandemic?

No Yes No Yes

(n = 1763) (n = 1501) (n = 665) (n = 1000) a

Percent of total 35.8% 30.4% 13.5% 20.3%
a Sampling ceased once 1000 valid responses were collected for the No → Yes group.

3.2. Demographics and Respondent Categories

Demographic comparisons were examined to determine statistical differences between
the groups based on gender, ethnicity, community type, income, and age (Table 3). There
were significantly more respondents identifying as women in the non-outdoor recreationist
group compared to the other categories (existing, those that stopped, and those that are
new). While the overall sample had more female respondents than male, there were not
statistically significant differences in gender between the existing, previous but no longer, and
new outdoor recreationists groups.

With regard to ethnicity, the majority of respondents in all four categories identified as
being white. Within the non, existing, and new outdoor recreationist groups, the percentage of
white respondents ranged between 73.4% to 76.6%. Ethnicity was not statistically different
between these groups, and the least ethnically diverse group resulted from the new outdoor
recreationists category. The previously but no longer outdoor recreationists respondents were
significantly different that the other three categories, as they were more ethnically diverse
compared to the other groups.
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Table 3. Breakdown of non, existing, no longer, and new outdoor recreationists by demographics.

Participant Group

Non-Outdoor Recreationist
(n = 1763); 35.8%

Existing Outdoor
Recreationist

(n = 1501); 30.4%

Previous, but No Longer
Outdoor Recreationist

(n = 665); 13.5%

New Outdoor Recreationist
(n = 1000); 20.3%

Gender 1

Woman 71.0% (1252) 61.9% (929) 62.1% (413) 61.7% (617)
Man 27.2% (479) 36.0% (541) 35.5% (236) 36.2% (362)

Non-binary 0.9% (15) 1.5% (23) 1.4% (9) 1.7% (17)
Prefer not to disclose 0.6% (11) 0.5% (7) 0.9% (6) 0.2% (2)
Prefer to self-describe 0.3% (6) 0.1% (1) 0.2% (1) 0.2% (2)

Differences between groups 6 A B B B

Ethnicity 2

White 74.8% (1318) 73.4% (1101) 61.8% (411) 76.6% (766)
Hispanic or

Latina/Latino/Latinx 7.1% (126) 7.4% (111) 11.9% (79) 7.5% (75)

Black or African American 9.2% (163) 11.3% (170) 14.7% (98) 8.0% (80)
Native American, American

Indian, or Alaska Native 1.2% (21) 1.2% (18) 2.0% (13) 1.0% (10)

Asian or Pacific Islander 5.0% (88) 4.6% (69) 6.3% (42) 5.5% (55)
Other 1.4% (24) 1.3% (19) 1.7% (11) 1.1% (11)

Prefer not to say 1.3% (23) 0.9% (13) 1.7% (11) 0.3% (3)

Differences between groups 6 A A B A

Community Type 3,*

Rural (population < 5000) 30.9% (545) 31.2% (469) 25.9% (172) 29.7% (297)
Urban cluster (population
between 5000 and 50,000) 25.0% (440) 26.6% (400) 22.4% (149) 24.6% (246)

Urbanized area
(population > 50,000) 44.1% (778) 42.1% (632) 51.7% (334) 45.7% (457)

Differences between groups 6 A A B A

Income 4

$0–$40,000 53.8% (948) 40.7% (611) 47.2% (314) 39.3% (393)
$41,000–$60,000 17.8% (314) 22.6% (339) 20.2% (134) 21.1% (221)
$61,000–$80,000 10.6% (187) 14.5% (217) 13.1% (87) 14.5% (145)

>$80,000 17.8% (314) 22.3% (334) 19.5% (130) 25.1% (251)

Differences between groups 6 A B C B

Age 5

Mean 54 46 44 42

Differences between groups 7 A B B,C C

1 A Kruskal–Wallis H test showed that a statistically significant difference exists in gender between the participant groups at a 99.9%
confidence interval. 2 A Kruskal–Wallis H test showed that a statistically significant difference exists in ethnicity between the participant
groups at a 99.9% confidence interval. 3 A Kruskal–Wallis H test showed that a statistically significant difference exists in community types
between the participant groups at a 99.9% confidence interval. 4 A Kruskal–Wallis H test showed that a statistically significant difference
exists in income between the participant groups at a 99.9% confidence interval. 5 Welch’s ANOVA test showed a statistically significant
difference exists in age between the participant groups at a 99.9% confidence interval. 6 Different letters indicate significantly different
(p < 0.05) group compositions using a Dunn’s post-hoc test. 7 Different letters indicate significantly different (p < 0.05) means using a
Tamhane’s T2 post-hoc test. * New outdoor recreationists indicated residing in the following geographic areas of the U.S.: Northeast
n = 210; South n = 190; Midwest n = 370; West n = 230. Note: Tests used to analyze differences between participant groups were determined
based on guidance from [26,27].

The results of residential community type mimicked the ethnicity findings. More than
half of the previous but no longer outdoor recreationists group indicated residing in urbanized
areas with a population of more than 50,000. The previous but no longer recreationists group
also represented the smallest percentage of individuals living in rural communities under
5000. The non, existing, and new did not differ significantly by residential area type, but
the largest proportions for these three groups lived in urbanized areas, ranging from
approximately 42.1% to 45.7%.

With regard to income only the new and existing outdoor recreationists were similar.
These two groups differed significantly (i.e., generally larger annual income) from the
non and previous but no longer outdoor recreationists, and the non and previous but no longer
resulted in statistically significant differences as well. The new outdoor recreationists had the
largest percentage of individuals reporting annual incomes of greater than $80,000 (25.1%)
as well as the smallest percentage of individuals making $0–$40,000 annually. The majority
of non outdoor recreationists indicated earing $0–$40,000 annually (53.8%), which was the
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largest percentage of respondents compared to the other groups, followed by previous but
no longer (47.2%).

The new outdoor recreationists were significantly younger than non outdoor recreationists,
as this category, on average was the youngest group (M = 42). The non outdoor recreationists
were also significantly older (M = 54) than the other groups (existing M = 46; previous but no
longer M = 44).

4. Discussion

This is one of the first studies to examine new outdoor recreationists during this unique
and challenging time in history, while also exploring who is, who is not, and who was
but is no longer an outdoor recreationist. These results highlight the substantive amount
of U.S. residents that now consider themselves as outdoor recreationists. Based on this
geographically-representative sample, this could be as much as half of the U.S. population.

It is concerning from the public health standpoint that 13.5% of respondents stopped
outdoor recreation during the pandemic. This points to inequities associated with access
to public lands as health resources [28], based on demographic differences. For example,
previous but no longer respondents were significantly more ethnically diverse, and tended
to reside in more urban environments and earn less annually than the other groups. This
aligns with recent findings from an exploration of park use in New York City during the
pandemic, where the gap between a sense of belonging in greenspace grew across racial
and economic lines [29], and aforementioned research as well [4,5]. This is alarming for
land managers, land use planners, and policy makers, and points to the need for continuing
efforts that increase equity and access with regard to outdoor recreation opportunities and
public park and protected areas.

On the other hand, it is also encouraging from the public health perspective that
amidst one of the more challenging periods in recent history, that a new group of U.S.
outdoor recreationists (20%) have emerged during the pandemic, likely benefiting from the
health outcomes they receive from these activities [16–20,28]. This creates a tremendous
opportunity to engage this group of new recreationists in life-long healthy recreation
and conservation behaviors that promote the preservation of the resources, sustaining
outdoor recreation.

However, it must be highlighted again, that with regard to equity, these new outdoor
recreationists tend to be predominantly white, and in general are less diverse, and have
higher annual incomes than the other groups analyzed in this study. Furthermore, the
new outdoor recreationists are largely not very different demographically, from existing
outdoor recreationists. They are predominantly white, on average in their early 40s, with
perhaps more disposable income. These two groups do however, differ from non-outdoor
recreationists in the U.S. For example, on average new outdoor recreationists are twelve years
younger than non-outdoor recreationists, on average. Finally, there were significantly more
women, proportionately, in the non-outdoor recreationists group, pointing to the large body
of empirical research that has highlighted gender inequities and associated constraints
with regard to outdoor recreation participation e.g., [30,31].

While this study purposefully did not recruit or weight data based on the U.S. census
(beyond region), these results in some circumstances align with other new outdoor recre-
ation studies e.g., [21] suggesting that these individuals are slightly younger, and living in
more urban environments. However, our results did not align with previous research [21]
with regard to ethnicity or income, as the new outdoor recreationists in this study are
predominantly white with higher reported annual incomes. These results also align with
other national research regarding outdoor recreation trends [32], not associated with the
pandemic, suggesting that approximately half of the U.S. population now participates in
outdoor recreation. However, the national outdoor recreation participation frequency crite-
ria established in this study (i.e., once per month) is more stringent than previous national
studies, suggesting a substantial increase in participation since the pandemic began.
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There were several notable limitations to this research, which should be addressed
by future studies. We used a paid Qualtrics panel, which may have influenced responses
and representativeness. The classification of outdoor recreation activities [21,25] may
have missed some important behaviors, particularly more passive activities such as simply
relaxing outdoors. Future research should consider broadening outdoor recreation activities
to include both active and passive behaviors. This study purposefully did not weight the
sample to match the U.S. census, which could be done with future samples for comparison.
Data collection took place in May and June of 2021, over a year into the pandemic, which
could have influenced responses in a variety of ways. It would be informative if future
research could ask the same questions of these respondents at multiple points over the next
few years. The grouped samples as a whole tended to consist of more female respondents.
While national trends indicate that an increasing proportion of women are participating
in outdoor recreation, our overarching results are perhaps skewed slightly based on the
gender distribution we received from our sampling approach.

This study used Qualtrics to facilitate the paid panel, but comparing these results with
other paid panel services (e.g., MTurk) would be useful methodologically. While the new
outdoor recreationists may not differ substantially from existing with regard to demographics,
it is unknown how their behaviors might differ. Additional analyses examining how
these new outdoor recreationists behave (i.e., activities, locations, frequency, anticipated
future behaviors) are needed to further inform long-term public land management and
associated policies. We did not ask previous but no longer outdoor recreationists why they no
longer participate, and future research must address why the previous but no longer outdoor
recreationists are not able to pursue these activities any longer. Is it access, fiscal constraints,
fear of virus transmission, or other reasons that have led to a halt in these activities? Finally,
it is important to recognize that annual income and leisure time may have been abnormal
for respondents during this unique period in time, and may have influenced results. Future
research exploring outdoor recreation behaviors should consider asking about specific
fluctuations in income and spare time as it pertains to the pandemic.

5. Conclusions

This study examined who is new to outdoor recreation amidst the COVID-19 pan-
demic. This research also explored who is not, those who were but are no longer, and
finally, those who have been and still remain an outdoor recreationist in the U.S. To our
knowledge, this is one of the first national studies to examine these important groups and
differences between them demographically. This research suggests that amidst the pan-
demic, approximately half of the U.S. population now participates in outdoor recreation, at
least once per month (at the time of this study/manuscript).

Several important demographic differences exist between the groups discovered
through this study, as new recreationists tend to be younger and wealthier than the other
three groups. Non outdoor recreationists are older, earn less annually, and tend to consists
of more females than the other groups. Non, existing, and new outdoor recreationists are
predominantly white. Previous but no longer outdoor recreationists are the most ethnically
diverse, and this group tends to live in more urban environments and make less annually
than the other groups. Demographically, new outdoor recreationists are not vastly different
from existing outdoor recreationists.

This study highlights demographic inequity issues with regard to outdoor recreation
pursuits, particularly during the pandemic, meriting greater focus on this important social
justice issue. Access to outdoor recreation, the parks and protected areas that facilitate
recreational health benefits remains a concern in the U.S. Future research must expand
upon why these inequities continue to exist and inform strategies and policies that promote
equal opportunities and access to outdoor recreation, for all.

Policy makers must work harder to ensure that access and availability to outdoor
recreation is equitable. Finally, land managers and public health officials may consider
employing additional and new ways to encourage diverse demographics to enjoy outdoor
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recreation. A vital strategy that merits more attention is the promotion of outdoor recreation
activities and the places they occur, as health resources [28].
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Abstract: Green spaces have been found to promote physical activity, social contact, and mental
wellbeing, however, there are inequalities in the use and experience of green spaces. The United
Kingdom’s (UK) response to the COVID-19 pandemic imposed very substantial changes on its
citizens’ lives which could plausibly affect their willingness to visit green spaces. These sudden
lifestyle changes severely affected the population’s mental health, leading to a greater dependency
on the positive influence of nature in reducing stress and improving mood. Whilst early cross-
sectional evidence suggested an increased orientation to nature and visits to green spaces as a
response to COVID-19 ‘lockdowns’, there is little longitudinal evidence about how sustained and
equal these changes may have been. This study explored green space visits, barriers to visiting,
and the inequalities of both of those over an entire year of the pandemic in the UK. Three waves
of nationally representative cross-sectional surveys were administered by YouGov in April 2020,
November 2020, and April 2021 (N = 6713). Data included reported visits to green spaces and, for
those with no or infrequent visiting, perceived barriers including those plausibly related to the risk of
COVID-19. Green space visits increased over the year as lockdown restrictions were relaxed; 68% of
respondents reported green space visits in April 2021, compared with 49% in April 2020. However,
the socio-economic inequalities in use were sustained and increased. COVID-19 related barriers fell
over time, but there were indications of increased interest in green spaces among younger people.
Further action is required to ensure that the positive impacts of green spaces are experienced equally,
and that good quality green space is accessible to all.

Keywords: green space; COVID-19; inequalities; barriers; health

1. Introduction

In late 2019, a virulent novel coronavirus was identified. Commonly known as
COVID-19, the disease is spread from an infected person’s mouth or nose in small liq-
uid particles [1]. To reduce the rate of infection, restrictions on people’s interaction and
movement have been implemented within and between many countries around the world.
At their most extreme, these restrictions included ‘lockdowns’ requiring most citizens to
stay at, or close to, home. The precise timing, duration, and severity of restrictions varied
according to the stage of the epidemic in each country.

The first wave of COVID-19 infections took hold in the UK in early 2020. The first
lockdown started on 23 March 2020. Most people were only permitted to leave their
homes for ‘essential’ reasons including access to health care, food, and to undertake one
form of outdoor exercise [2]. In the subsequent two years, restrictions on movement and
social interaction waxed and waned depending on the number of COVID-19 cases and
the emergence of new variants. The next substantial set of UK restrictions was imposed
between January and April 2021 when another ‘stay-at-home’ order was implemented
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and individuals were prohibited from social mixing. In contrast to March 2020 however,
restrictions were not placed on the form and frequency of outdoor exercise.

The pandemic and its lockdown restrictions have had a substantial impact on individ-
ual behaviours, routines, and habits worldwide [3,4]. Research has highlighted profound
effects on population health. In addition to the morbidity and mortality from COVID-19
itself, both reduced access to health care and the experience of the pandemic has resulted
in considerable morbidity. Studies in the UK, for example, found that the mental health
of adults followed an ‘up and down’ cycle coinciding with periods of national lockdown
and high COVID-19 case rates [5,6]. This negative impact on mental health has been felt
internationally as well [7–10]. For example, in a study undertaken in Germany, perceived
stress increased across all age groups over the six weeks following the mid-March 2020
COVID-19 outbreak [7]. The exact mental health burden of the pandemic is still too early to
measure, with many countries experiencing new waves of virus cases [8]. Furthermore, the
impacts of both COVID-19 and its wider consequences have not been even across society.
The pandemic appears to have exacerbated pre-existing socio-demographic and geographic
health inequalities. In the UK, for example, case rates grew faster and had higher peaks
within more deprived areas [11,12].

Visiting green spaces has been shown to benefit mental and physical health outcomes.
In the UK, considerable media attention was lavished on how green spaces could be
a helpful resource during the pandemic and might mitigate the negative impacts on
mental health [13,14]. Cross-sectional research suggested that during the early phases
of the COVID-19 pandemic, the frequency of visits to green spaces increased and that
this may have had a positive impact on mental health [15–18]. However, as restrictions
were lifted and then reimposed, and the population adjusted to the ‘new normal’, it is
probable that visit levels continued to change. Moreover, increased visits to green spaces
and their perceptions of mental health benefits were not experienced equally across socio-
demographic groups [17].

There are considerable social, economic, and gender inequalities in visits to green
spaces; less advantaged populations are far less likely to do so [19–21]. Barriers to the
use of green spaces are socially and spatially unequal. Not everyone has good access
to a suitable space, or the time and inclination to visit it. This paper is concerned with
measuring green space use from an environmental justice and inequalities perspective by
exploring the differences according to socio-economic characteristics at a neighbourhood
and individual level [22,23]. This paper aimed to provide insights that may add to the
existing environmental justice framework as applied to green spaces, with a focus on the
use and barriers rather than access and quality [24]. Whereas much environmental justice
research explores inequalities in exposure to pathogenic environments, our work focuses
on justice in both access to, and use of, a salutogenic environment. We explore how the
COVID-19 pandemic may have exacerbated environmental injustice, particularly for those
of differing social grades/occupations. It is important to explore environmental injustice
alongside the “equigenic hypothesis” [25] which suggests that some environments (such
as natural environments) can support the health of the less advantaged as much as, or
even more than, the more advantaged [26,27]. By exploring green space visits and barriers
during the pandemic, we can strengthen our understanding of who is not using green
spaces, why, and how the pandemic impacted existing inequalities.

COVID-19 added several other pandemic-specific barriers including the desire and/or
urgent need to socially distance, a sense of severe vulnerability to the virus, and sharp
divides between who is, and is not, able or required to work at home or has access to
outdoor space there [28–30]. These barriers are of particular interest in this paper. As
vaccination proceeded, the population ‘got used’ to COVID-19, and as the public health
response phased up and down in reaction to case-numbers and variants, the significance of
COVID-19-specific barriers could plausibly change. A recent study in Korea found that
individuals with decreased visits to green spaces between September–December 2020 had
2.06 higher odds of probable major depression at the time of the survey compared to those
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whose visits had increased or stayed the same [31]. This emphasises the importance of
researching the barriers to green space use during the pandemic by sociodemographic
characteristics and exploring how the barriers changed over its first year.

Further research is required to describe whether the increased visit numbers were
sustained as the COVID-19 pandemic continued, how barriers to visiting changed following
subsequent easing and reintroduction of COVID-19 measures, and the inequalities in these.
There is a lack of literature in this area, with no studies to date focusing on the change in
green space use and barriers in the UK over the first year of the pandemic. It is important
to explore this gap, both in order to understand how the experience of the UK relates to
that in other countries, and also to promote resilient green spaces and wider societies in the
face of future pandemics [32]. The research objectives of this paper were, therefore:

1. To describe variation in green space visiting during the COVID-19 pandemic.
2. To describe reported barriers to green space visits during the COVID-19 pandemic.
3. To explore variation in green space visits and barriers over time and by sex, age, and

socio-economic position.

2. Materials and Methods

2.1. Survey Sample

Three waves of a repeat cross-sectional survey were administered by YouGov between
April 2020 and April 2021 [33]. Each wave was drawn from YouGov’s UK/GB Omnibus of
800,000 panellists. Respondents were selected at random from this panel by YouGov and
then sent a survey link to complete. All three waves were nationally representative of the
UK population when weightings were applied. The survey waves are described below.

Wave 1: The first wave was administered between 30 April and 1 May 2020, with
a sample of 2252 UK adults aged 18+. At that point, the UK population was in the
first ‘lockdown’, also known as the ‘stay at home phase’. From 23 March 2020, people
were only permitted to leave home for limited purposes, including collecting medicines,
doing essential shopping, and doing one form of exercise per day [2]. When wave 1 was
administered, the same lockdown restrictions were implemented across constituent nations
of the UK.

Wave 2: The second survey wave was administered on 26 November 2020, with
a sample of 2246 UK adults. When this wave was undertaken, COVID-19 policies and
restrictions differed among the constituent nations of the UK. England was in a winter
lockdown, with the population asked to stay at home and only leave for limited reasons
such as education, essential shopping, exercise, health care, or to care for vulnerable
people [34]. Wales was just out of a strict lockdown, with gyms, schools, and restaurants
being reopened [35]. Scotland was operating localized lockdowns with almost half of its
population under strict restrictions, including a ban on indoor household socialising and
only essential shops being open [36].

Wave 3: The third wave was administered from 29–30 April 2021, exactly one year
after wave 1, with a sample of 2215 UK adults. At this time, lockdown restrictions had been
eased across the UK. Non-essential shops had reopened, outdoor gatherings for up to six
people were allowed, and the population was able to travel outside of their local area [37].

2.2. Survey Content

Wave 1 was initially designed and implemented as a one-off cross-sectional survey
but, as the COVID-19 pandemic persisted and evolved, and the UK introduced further
restrictions, the two subsequent surveys were commissioned. Some question wording,
therefore, differed very slightly between wave 1, and waves 2 and 3 (Table 1).

At every wave, respondents were asked about their green space visiting frequency.
Green spaces were defined as ‘places where you can see and experience plants, trees,
and nature outside of the household (e.g., public parks, sports fields, agricultural land,
woodlands, coastal paths, and nature reserves)’. Those that had not visited green spaces or
had visited infrequently (once every 2 weeks or once in the last 4 weeks in waves 2 and 3)
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were asked about the barriers to visiting green spaces and reasons for their non or low-
frequency visiting (Table 1). The surveys covered a range of reported barriers to the use of
green spaces, with 12 barriers included in wave 1 and 15 barriers in waves 2 and 3. In this
analysis, we focused largely on those particularly relevant to COVID-19 and the lockdown
restrictions. These were reported as: ‘worried about social distancing in green space’, ‘green
spaces are too busy’, ‘fear for health when outdoors (i.e., contracting COVID-19)’, ‘member
of household/individual at risk of being severely affected by COVID-19’, ‘using an outdoor
space at home instead’, and ‘not interested’.

Table 1. The survey themes, question wording (by wave), and response categories.

Themes Wave 1 Questions Waves 2 and 3 Questions
Response
Categories

Visitation
frequency

Have you visited a green space since the movement
restrictions have been enforced in the UK? (i.e., since

23 March 2020).
Have you visited ANY green spaces in the last 4 weeks

‘Yes, I have’
‘No, I have

not’

Barriers to
visits

[If the respondent had not visited green space since
lockdown was implemented]
Which, if any, of the following are reasons for you not
visiting green spaces since the restrictions were
introduced (i.e., 23 March 2020)? (Please select all that
apply)

1. I am worried that I will not be able to socially
distance from others in these spaces (i.e., remain
2 metres away)

2. Green spaces are much busier now
3. I fear for my health when I go outdoors

(i.e., contracting Coronavirus (COVID-19)
4. I/a member of my household is at higher risk of

being severely affected by Coronavirus
(COVID-19)

5. I am using an outside space at my home
(e.g., garden) instead

6. I am not interested in visiting green spaces

[If the respondent had not visited green space or had
visited infrequently in the last 4 weeks]
You previously said you have not regularly visited a
green space in the last 4 weeks . . . Which, if any, of the
following are your reasons for this? (Please select all
that apply)

1. I am worried that I will not be able to socially
distance from others in these spaces (i.e., remain
2 metres away)

2. Green spaces are too busy for me (e.g., I can’t
enjoy them when they are crowded, they aren’t
peaceful enough, I feel uncomfortable
surrounded by that many people etc.)

3. I fear for my health when I go outdoors
(i.e., contracting Coronavirus (COVID-19))

4. I/a member of my household is at higher risk of
being severely affected by Coronavirus
(COVID-19)

5. I am using an outside space at my home
(e.g., garden etc.) instead

6. I am not interested in visiting green spaces

‘Yes’
‘No’

Individual demographic and socio-economic (henceforth socio-demographic) charac-
teristics, known to be associated with green space visiting, were also collected. These were:
sex (male, female); age group (18–24 years, 25–64 years, 65+ years); and social grade (higher
social grade, lower social grade) categorised by YouGov using combined occupational
social grade categories (Table S1). Higher social grades included non-manual workers,
such as senior managers, whilst lower social grades included all manual workers, such as
labourers [38]. The demographic and socio-economic variables were consistent across all
survey waves.

2.3. Statistical Analyses

Multiple statistical analyses were conducted to cover each of the research objectives.
Firstly, to explore general patterns of green space use and barriers, descriptive statistics were
run in R (version 3.5.1) [39]. This included calculating the weighted count and proportion of
respondents who had visited green spaces and reported each barrier. These were explored
by sex, age, social grade, and survey wave. Cross-tabulations with Pearson’s X2 were also
used to test for significant differences between the groups.

Next, multiple binary logistic regression analyses were conducted to assess the associ-
ations between visiting green space, survey wave, the socio-demographic variables, and
the reporting of each barrier. Separate models were run for each barrier.

Finally, interaction terms were added in order to investigate change over time (i.e., be-
tween waves) in relationships between the socio-demographic variables, survey wave, and
green space visits, and between the socio-demographic variables, survey wave, and each
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reported barrier. The significance of each interaction was assessed via Wald tests and only
those which reached a threshold of p < 0.05 were examined in detail. Predicted probabilities
were derived to ease the interpretation of the significant interaction terms. Weightings
were applied during all analyses to ensure the sample was representative of the UK adult
population. Sample weights were calculated and provided by YouGov [40].

3. Results

3.1. Descriptive Statistics

In wave 1 (April 2020), 49% of respondents reported that they had visited green
spaces in the 4 weeks prior to the survey. This increased to 65% of respondents in wave 2
(November 2020), and 68% in wave 3 (April 2021) (Table 2, Figure 1). The differences in
socio-demographic characteristics can be found in Table 2 and Figure 2.

In all survey waves, the most common reason for not visiting green space was “I am
using an outside space at my home (e.g., garden) instead” (wave 1: 47%, wave 2: 26%, and
wave 3: 32% (Table 2)). In wave 1, the second most commonly reported barrier was, “I fear
for my health when I go outdoors (i.e., contracting Coronavirus (COVID-19)” (27%). In
wave 2, the second most commonly reported barrier was “I/a member of my household is
at higher risk of being severely affected by Coronavirus (COVID-19)” (15%). By wave 3, the
second most common reason was “Green spaces are too busy for me (e.g., I can’t enjoy them
when they are crowded, they aren’t peaceful enough, I feel uncomfortable surrounded by
that many people, etc.)” (18%).

Table 2. Proportions visiting green spaces or reporting barriers to doing so.

Those Who
Visited Green
Space in the

Previous
4 Weeks

Those Who Either Did Not Visit Green Space in the Previous 4 Weeks
or Did So Infrequently ˆ

% (n) % (n)

Worried
about Social
Distancing
in Green
Spaces

Green
Spaces Are
Too Busy

Fear for
Health
When

Outdoors
(i.e.,

Contracting
COVID-19)

Member of
House-

hold/Individual
at Risk of Being

Severely
Affected by
COVID-19

Using an
Outdoor
Space at
Home

Instead

Not
Interested
in Visiting

Green
Spaces

Wave

1 April 20 % 49%
(1086)

50%
(1123) 25% 9% 27% 26% 47% 8%

2 Nov 20 % 65%
(1421)

45%
(1020) 14% 9% 14% 15% 26% 9%

3 April 21 % 68%
(1479)

45%
(987) 14% 18% 10% 8% 32% 10%

Sex *

Male % 61%
(1934)

45%
(1476) 17% 10% 16% 16% 30% 12%

Female % 61%
(2052)

48%
(1654) 19% 13% 19% 18% 39% 7%

Age group *

18–24 % 60%
(411)

46%
(340) 19% 14% 15% 12% 22% 14%

25–64 % 62%
(2685)

46%
(2031) 18% 12% 16% 14% 30% 8%

65+ % 58%
(890)

49%
(758) 18% 10% 23% 27% 54% 9%

Social grade *
Higher

social grade
% 66%

(2492)
41%

(1578) 20% 12% 18% 16% 36% 9%

Lower social
grade

% 53%
(1494)

54%
(1552) 16% 11% 17% 18% 33% 10%

* Responses by demographic variables combined for all three waves, Chi2 p-values < 0.05. All N’s were weighted
to account for survey response bias. ˆ Infrequently defined as once every 2 weeks or once in the previous 4 weeks.
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Figure 1. Change in the percentage of respondents stating visits to green space over the three survey
waves (all significant Chi2, p-values < 0.05).
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3.2. Variation in Green Space Visits and Barriers to Visits by Wave

After adjustment for socio-demographic characteristics, the odds of respondents
reporting visiting green spaces were significantly higher in wave 2 (OR: 1.28 (95% CI:
1.15–1.44)) than in wave 1 (Table 3). By wave 3, they were significantly higher than both
waves 1 and 2 (OR: 2.25 (95% CI: 1.99–2.55)).

Table 3. Odds ratios (95% CI) from logistic regression models predicting either visiting green space
or reported barriers to visiting.

Visited Green Space in
Previous 4 Weeks

Barriers Reported by Those Who Either Did Not Visit Green Spaces in the Previous 4 Weeks or Did So Infrequently

Worried about Social
Distancing in Green

Spaces

Green Spaces Are Too
Busy

Fear for Health When
Outdoors

Member of
Household/Individual

at Risk of Being
Severely Affected by

COVID-19

Using an Outdoor
Space at Home Instead

Not Interested in
Visiting Green Spaces

Wave

1 (ref) (April 20) 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2 (November 20) 1.28 (1.15–1.44) *** 0.51 (0.41–0.64) *** 1.06 (0.79–1.44) 0.43 (0.34–0.53) *** 0.49 (0.40–0.62) *** 0.39 (0.33–0.47) *** 1.20 (0.88–1.64)

3 (April 21) 2.25 (1.99–2.55) *** 0.50 (0.40–0.62) *** 2.40 (1.84–3.13) *** 0.31 (0.25–0.40) *** 0.25 (0.19–0.32) *** 0.49 (0.40–0.59) *** 1.37 (1.01–1.85) *

Sex

Male (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Female 1.03 (0.93–1.14) 1.26 (1.05–1.52) * 1.31 (1.04–1.63) * 1.18 (0.97–1.43) 1.13 (0.93–1.38) 1.56 (1.34–1.83) *** 0.53 (0.41–0.68) ***

Age group

18–24 0.90 (0.76–1.06) 1.06 (0.79–1.42) 1.11 (0.78–1.56) 0.95 (0.69–1.31) 0.90 (0.63–1.28) 0.63 (0.48–0.83) *** 1.76 (1.24–2.51) **

25–64 (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00

65+ 0.82 (0.73–0.93) ** 0.94 (0.76–1.18) 0.77 (0.58–1.02) 1.48 (1.20–1.84) *** 2.25 (1.83–2.78) *** 2.70 (2.27–3.22) *** 1.12 (0.83–1.51)

Social grade

Higher social
grade (ref)

1.00 1.00 1.00 1.00 1.00 1.00 1.00

Lower social
grade

0.57 (0.52–0.63) *** 0.72 (0.60–0.87) *** 0.91 (0.73–1.14) 0.92 (0.76–1.12) 1.14 (0.94–1.38) 0.83 (0.71–0.97) * 1.22 (0.95–1.56)

*** = p < 0.001, ** = p < 0.01, * p < 0.05.

In general, by waves 2 and 3, respondents were less likely than in wave 1 to report
worrying about social distancing in green spaces, fear for health when outdoors, a member
of their household (or themselves) being at risk of severe consequences of COVID-19, or
using an outdoor space at home as barriers to visiting green spaces (Table 3). These were
quite substantially reduced odds, typically 0.40 or 0.50. In contrast, by wave 3 respondents
were more likely than in wave 1 to report busy green spaces and/or a lack of interest in
visiting green spaces as barriers to visits (Table 3). The odds of reporting busy green spaces
as a barrier were substantially increased (OR: 2.40 (95% CI: 1.84–3.13)).

3.3. Variation in Green Space Visits and Barriers to Visits by Sex

There were no significant differences between male and female respondents in the
likelihood of reporting visits to green spaces. However, female respondents were more
likely than males to report three barriers to green space visits: being worried about social
distancing in green space, green spaces being too busy, and using an outdoor space at home
(Table 3). Odds for females reporting these, relative to males, were typically around 1.30.
Female respondents were less likely than males to report a lack of interest as a barrier to
visiting (OR: 0.53 (95% CI: 0.41–0.68)).

3.4. Variation in Green Space Visitation and Barriers by Age

Respondents aged 65+ were somewhat less likely to have visited green spaces in
the last 4 weeks than those aged 25–64 (Table 3). This older group was also more likely
to report fear for their health when outdoors, that they or a member of their household
were at risk of severe consequences of COVID-19, and that they were using an outdoor
space at home instead as barriers to visiting. These were the strongest associations seen
in the models—the OR for using green spaces at home relative to the mid-age group was
2.70 (95% CI: 2.27–3.22), for example. In contrast, younger respondents were less likely to
report using an outdoor space at home as a reason for not visiting green spaces. This age
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group was also more likely to report not being interested in visiting green spaces, with a
relatively large odds ratio of 1.76 (95% CI: 1.24–2.51).

3.5. Variation in Green Space Visitation and Barriers by Social Grade

Respondents in the lower social grade group were less likely than those in the higher
grade group to have visited green spaces in the last 4 weeks (Table 3). The lower grade
group were also less likely to report being worried about social distancing in green spaces
and/or using an outdoor space at home instead as a barrier to visiting green spaces. These
associations were relatively modest.

3.6. Change over Time in Associations

The addition of interaction terms to the models suggested several significant shifts
over time (i.e., between waves) in the association between the socio-demographic variables
and both visits and reporting barriers. Details of models with significant interactions are
provided in Tables S2 and S3.

The association between visiting green spaces and social grade differed significantly be-
tween waves. This was the only socio-demographic variable to show a significant between-
wave change in association with visits. The predicted probability plot (Figure 3—panel A)
shows that, whilst the likelihood of visiting increased over time for both social grades,
the increase was much sharper between waves 1 (April 2020) and 2 (November 2020) for
higher social grades, followed by a more modest increase between waves 2 and 3 (April
2021). In contrast, the increase was relatively constant, wave to wave, for those in lower
social grades. The result of these differences was an increased socio-economic inequality
in visits in wave 3 compared to wave 1. The association between sex and reporting green
spaces as being too busy to visit also differed significantly between waves. Figure 3—panel
B suggests a reduction in the difference between men and women such that, by wave 3, the
difference is lost.

Figure 3. Predicted probability from logistic regression models with significant interaction for
(A) visits to green space by wave and social grade and (B) the barrier ‘green spaces are too busy’ by
wave and sex.
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Whilst those were the only significant interactions involving social grade or sex, there
were five significant interactions with age group (Figure 4). Figure 4—panel A suggests
that whilst both 18–24 and 25–64 years old became less likely to report difficulty social
distancing in green spaces as a barrier to use, respondents aged 65+ reporting that barrier
remained relatively constant. A dip at wave 2 in reporting busy green spaces as a barrier
to use by the youngest age group, and an overall steeper rise through time by the oldest
age group probably explains the significant interaction (Figure 4—panel B). There were
substantial falls for all age groups in reporting ‘fear for my health’ as a barrier to green
space visits, but the fall was furthest and sharpest for the youngest age group, whilst it
reduced between waves 2 and 3 for the older age groups (Figure 4—panel C).

Figure 4. Predicted probabilities from logistic regression models with significant interactions between
wave and age-group for: (A) the barrier ‘I am worried I will not be able to socially distance’, (B) the
barrier ‘green spaces are too busy’, (C) the barrier ‘I fear for my health when I go outdoors’, (D) the
barrier ‘I/a member of my household is at higher risk of being severely affected by coronavirus’, and
(E) the barrier ‘I am not interested in visiting green spaces’.

Reporting high risk of severe effects from COVID-19 as a barrier to the use of green
spaces fell over time among all age groups, but a substantially higher starting level
among those age 65+ and a relatively steeper decline produced a significant interaction
(Figure 4—panel D). Finally, there were quite complex changes in the relationship between
age groups and reporting a lack of interest in visiting green spaces (Figure 4—panel E).
Perhaps the strongest signal from these was that the lack of interest fell sharply among the
youngest age group, in contrast to rises among the older age groups.

4. Discussion

This study aims to describe the variation and change over time in green space visits
and reported barriers to visiting during the COVID-19 pandemic in the UK. We drew on
three waves of repeat cross-sectional data from April 2020, November 2020, and April 2021.

Visits to green spaces during the 4 weeks prior to the survey increased across the
three waves—from 49% of respondents in April 2020 to 68% a year later. This increase was
echoed in the regression results, confirming a significant association between survey wave
and visiting. There were no other directly comparable surveys (in terms of timing) of green
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space use in the UK, but several other cohort studies and surveys did take place. They
largely echo our findings, suggesting substantial increases in visits to natural environments
well beyond what had been achieved in the years prior to the pandemic [29,41,42]. If we
assume that contact with nature is generally good for health and wellbeing, this marks
a positive impact of COVID-19. However, the extent of the increase in visits shown by
our data is partly driven by the timing of the surveys. We were fortunate to conduct
wave 1 during the strictest lockdown the UK experienced. Outdoor exercise was strongly
limited during this time. The data we present here capture visits to green spaces, but
measures of time spent there point to an inevitable reduction as a consequence of the
restrictions. By waves 2 and 3, restrictions on outdoor exercise were reduced and this
probably partly explains the sharp rise [37]. It will be important to continue monitoring
visits to green spaces as the pandemic wanes to see if a permanent shift in behaviour has
taken place.

Although the proportion of people visiting green spaces increased, socio-economic
inequality in visits also rose and this raises concerns about environmental justice. The
environment itself did not alter, but behavioural response to it did. Throughout the
study period, higher social grade respondents were more likely to have visited green
spaces than the lower social grade respondents. The gap between these groups in terms
of the predicted probability of visiting rose by 33% over time. Several other studies
have noted socio-economic inequalities in the use of green spaces both pre- and inter-
pandemic [19,41–44]. One likely contributor is inequality in access—a classic issue of
environmental injustice. For example, a study found that British people with an annual
household income lower than £15,000 were less likely to live within a 5-min walk of green
spaces, to live somewhere where the streets are green, and to report good walking routes
where they live, compared to households with an annual income of £35,000 or £70,000 [41].
However, another contributor could be the risk of infection when using green spaces. A
recent study found that the boroughs in London with a higher risk of infection shared
common characteristics. These included the low accessibility of green spaces, high covid
case concentration, and high vulnerability to virus transmission (calculated using the
Indices of Multiple Deprivation) [45]. Lower social grade respondents may have felt at
more risk of contracting coronavirus when visiting neighbourhood green spaces compared
to higher social grade respondents.

It is difficult to directly compare countries’ changes in green space use and barriers to
using green spaces during the COVID-19 pandemic. This is primarily due to international
differences in the nature and timing of mobility restrictions at different stages of the
pandemic and also to the dates of survey data collection in relation to these. Despite
limitations to direct comparison, the evidence does suggest that there were substantial
before and after changes in green space use in many countries following COVID-19, but
the nature of the changes differed. Decreases in use were described in Saudi Arabia [46],
Italy, and Spain [47], for example, whilst increases were described in Belgium [48] and
Norway [49]. In New York, equal numbers of respondents reported that they increased
(15%) and decreased (14%) their green space visits during the pandemic, which was
influenced by Covid-related barriers (N = 1145). Individuals with greater concerns about
crowded green spaces and lack of social distancing visited green spaces less often during
the pandemic compared to before, while those who considered green spaces to be more
important for their health visited more frequently [28]. Our study may be unique in having
assessed changes in green space use at three different time points through the pandemic
and in finding that increases in visits were sustained but COVID-19 specific barriers were
not important in later waves.

Our study focused largely on barriers to visiting green spaces that could plausibly
be created and mitigated by the progress of the pandemic. Results suggested a shift in
the population’s perceptions of risk. Being worried about social distancing, fearing for
health, and respondents perceiving a household member or themselves as at risk of being
severely affected by COVID-19 were all less likely to be reported by respondents in waves 2
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and 3 compared to wave 1. This echoes studies from other countries. Research undertaken
in Canada in 2020, for example, reported that some participants noted that seeing more
people outside coincided with the easing of restrictions. They also stated that people viewed
outdoor activities as permissible because it was occurring outdoors instead of indoors,
and there was less risk of spreading coronavirus [50]. The relationships between reported
barriers also shed some light on these changes. For example, by wave 3, respondents were
more likely to report green spaces being too busy as a barrier than they had been in wave 1.
This corroborates our finding that visits to green spaces increased over the year; the spaces
really were busier. Furthermore, by wave 3, respondents were less likely to report being
worried about social distancing as a barrier to using green spaces than in wave 1. This
suggests concerns over crowding may be more connected to accessing the green space and
having an enjoyable experience than worries about getting too close to others outdoors.
This finding links with several other studies from around the world [32,51,52]. Research
undertaken in Palestine, for example, found that respondents were more likely to visit
green spaces alone, but less likely to ‘relax’ or ‘socialise’ in green spaces after the pandemic
occurred compared to before [51]. It is possible that encouraging more people into green
spaces had the unintended consequence of putting off others. Since these are repeat cross-
sectional rather than panel data, we were unable to assess whether/who stopped visiting
as a result.

Overall, the reduction in reporting of barriers relating to health and contracting
COVID-19 may be due to both increased knowledge/understanding of the risk of con-
tracting COVID-19 outdoors and progress with vaccination from December 2020 in the
UK [52–54]. In late 2020 and early 2021, for example, studies identified a very low likelihood
of COVID-19 transmission outdoors and these were widely reported in the UK [54–56].
However, both this new knowledge and the beginnings of the UK’s vaccination programme
would have likely only impacted the barriers reported in wave 3 and these were similar
to those reported in wave 2. Further evidence that the public understood COVID-19 risks
quite well comes from between-group differences in reporting barriers. The oldest group
(65+) were most likely to report fearing for their health when outdoors and avoiding green
spaces because they or a member of their household were at high risk of being severely
affected by COVID-19. Given that those aged 80 years or older were seventy times more
likely to die following a positive COVID-19 test compared with those under 40 [57], it
seems reasonable older respondents reported these barriers to a greater extent.

Although we focused on barriers plausibly related to COVID-19, our inclusion of
‘lack of interest’ as a barrier revealed important trends. Across the whole year of study,
respondents aged 18–24 years old were more likely than other age groups to report a lack of
interest as a barrier to visiting green spaces. This echoes other research, including studies in
England before and during the pandemic, which found that younger age groups (16–34 and
16–24) were more likely to report a lack of interest than older age groups [19,58]. However,
in our study, there was a sharp reduction during the year in this lack of interest among
young people, and one somewhat in contrast to the older age groups. An apparent increase
in interest among young adults could be connected to the relaxing of restrictions from the
end of March 2021. The change in restrictions meant outdoor spaces provided the only
location for socialising with non-household members [37]. Perhaps younger groups became
oriented to green spaces as a place to meet and socialise [59].

Strengths and Limitations

The study had several strengths including a nationally representative sample of the
UK population when weightings were applied. To the best of our knowledge, our study
provided the only data covering the UK population’s change in green space use and barriers
over one year of the COVID-19 pandemic starting in the period of maximum restrictions.
The breadth of data enabled us to explore both changes in visits over time and reasons for
not visiting. The latter is particularly poorly covered in the wider literature.
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However, the survey data were self-reported and therefore liable to the usual biases,
including recall and confirmation bias. The study was also repeated cross-sectionally rather
than in a panel. The changes we observed and explored were therefore at a population or
group level, not within individuals. There were some small numbers when exploring sub-
groups who exhibited particular behaviours or attitudes. Data on the youngest group were
particularly prone to this problem and it seems likely that bias will have been introduced.
These problems highlight the need for further research into barriers to green space use for
the wider population, as well as more specifically for young adults across the UK. The
information on barriers was somewhat crude and we would encourage further research to
investigate barriers to green space use in more detail, perhaps through qualitative methods
or open-ended survey questions. In particular, the survey data on barriers analysed for this
paper focused specifically on the influence of the COVID-19 pandemic on green space use.
There may have been other barriers associated with the pandemic but not captured here,
such as changes in behaviours imposed by home schooling and home working. These are
also likely to have been unequal.

5. Conclusions

At a time when the COVID-19 pandemic is ongoing and restrictions are continuing
to change, our study provides novel findings on how the UK population’s visits to green
spaces, and barriers to visiting, changed over the first year of the pandemic. Inequalities
in the use of green spaces by social grade were sustained and widened over the year,
emphasising that environmental injustices were exacerbated. There is a need for further
investigation and action to ensure equal access to good quality green spaces for all demo-
graphic groups and communities. The reporting of Covid-related barriers to green space
use, such as fear for their health and worrying about social distancing, fell over time, in
parallel perhaps with greater knowledge of the virus, how it spreads, and perceptions of
risk. Levels of disinterest in visiting green spaces also changed over the year, particularly
for 18–24 years old; the pandemic seems to have made changes to their perceptions of green
spaces. Our findings suggest that, despite the benefits to health and wellbeing that green
spaces use can provide, there are still barriers in place that restrict some of the population
from using them. These findings also indicate that the barriers in place are not felt equally
across socio-demographic groups, particularly by age. The pandemic has affected green
space use in both positive and negative ways; it will be important to determine if these
are permanent changes. We encourage further research exploring young people’s use and
perceptions of green spaces, with a particular focus on interest in green spaces and how the
patterns relating to a ‘lack of interest’ may change as all lockdown restrictions are removed.
Our study has highlighted that inequalities in the use of green spaces remain and future
research should be focused on reasons for a lack of green space use that is not related to
COVID-19, which remains a key gap in the existing literature.
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impact of the COVID-19 pandemic on the use of and attitudes towards urban forests and green spaces: Exploring the instigators
of change in Belgium. Urban For. Urban Green. 2021, 65, 127305. [CrossRef]

49. Venter, Z.S.; Barton, D.N.; Gundersen, V.; Figari, H.; Nowell, M. Urban nature in a time of crisis: Recreational use of green space
increases during the COVID-19 outbreak in Oslo, Norway. Environ. Res. Lett. 2020, 15, 104075. [CrossRef]

50. McCormack, G.R.; Petersen, J.; Naish, C.; Ghoneim, D.; Doyle-Baker, P.K. Neighbourhood environment facilitators and barriers
to outdoor activity during the first wave of the COVID-19 pandemic in Canada: A qualitative study. Cities Health 2022, 1–13.
[CrossRef]

51. Dawwas, E.B.; Dyson, K. COVID-19 Changed Human-Nature Interactions across Green Space Types: Evidence of Change in
Multiple Types of Activities from the West Bank, Palestine. Sustainability 2021, 13, 3831. [CrossRef]

52. NHS England. Landmark Moment as First NHS Patient Receives COVID-19 Vaccination. 2020. Available online: https://www.
england.nhs.uk/2020/12/landmark-moment-as-first-nhs-patient-receives-COVID-19-vaccination/ (accessed on 18 January 2022).

53. The Institute for Government. Coronavirus Vaccine Rollout. 2021. Available online: https://www.instituteforgovernment.org.
uk/explainers/coronavirus-vaccine-rollout (accessed on 18 January 2022).

54. Jones, N.R.; Qureshi, Z.U.; Temple, R.J.; Larwood, J.P.J.; Greenhalgh, T.; Bourouiba, L. Two metres or one: What is the evidence for
physical distancing in COVID-19? BMJ 2020, 370, m3223. [CrossRef] [PubMed]

55. Public Health England (PHE) Transmission Group. Factors Contributing to Risk of SARS-CoV-2 Transmission Associated with Various
Settings; Public Health England: London, UK, 2020.

56. Covid: Can You Catch the Virus Outside? BBC News. 2021. Available online: https://www.bbc.co.uk/news/explainers-55680305
(accessed on 25 January 2022).

57. Public Health England. Disparities in the Risk and Outcomes of COVID-19; Public Health England: London, UK, 2020. Avail-
able online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/908434
/Disparities_in_the_risk_and_outcomes_of_COVID_August_2020_update.pdf (accessed on 18 January 2022).

58. Natural England and Kantar Public. Impact of COVID-19 on Engagement with Green and Natural Spaces; Natural England: York, UK, 2021.
59. Ramblers. Empowering the Next Generation to Explore the Great Outdoors. Ramblers. 2021. Available online: https://www.

ramblers.org.uk/outthere (accessed on 19 January 2022).

62



Citation: Mayen Huerta, C.; Utomo,

A. Barriers Affecting Women’s Access

to Urban Green Spaces during the

COVID-19 Pandemic. Land 2022, 11,

560. https://doi.org/10.3390/

land11040560

Academic Editors: Francesca Ugolini

and David Pearlmutter

Received: 11 March 2022

Accepted: 7 April 2022

Published: 10 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

Barriers Affecting Women’s Access to Urban Green Spaces
during the COVID-19 Pandemic

Carolina Mayen Huerta * and Ariane Utomo

School of Geography, Earth & Atmospheric Sciences, University of Melbourne, Melbourne, VIC 3010, Australia;
ariane.utomo@unimelb.edu.au
* Correspondence: cmayenhuerta@student.unimelb.edu.au

Abstract: During the COVID-19 pandemic, urban green spaces (UGS) have gained relevance as a
resilience tool that can sustain or increase well-being and public health in cities. However, several
cities in Latin America have seen a decrease in their UGS use rates during the health emergency,
particularly among vulnerable groups such as women. Using Mexico City as a case study, this research
examines the main barriers affecting women’s access to UGS during the COVID-19 pandemic in
Latin America. We applied a sequential mixed-methods approach in which the results of a survey
distributed via social media in June 2020 to women aged 18 and older were used to develop semi-
structured interviews with 12 women during October 2020. One year later, in November 2021,
the continuity of the themes was evaluated through focus groups with the same group of women
who participated in the interviews. Our results suggest that (1) prohibiting access to some UGS
during the first months of the pandemic negatively impacted UGS access for women in marginalized
neighborhoods; (2) for women, the concept of UGS quality and safety are intertwined, including the
security level of the surrounding streets; and (3) women who live in socially cohesive neighborhoods
indicated using UGS to a greater extent. Our findings highlight that while design interventions can
affect women’s willingness to use UGS by improving their perceived safety and comfort, they remain
insufficient to fully achieve equity in access to UGS.

Keywords: geography of fear; gender; green spaces; violence; Latin America; quality; safety;
mixed-methods; social equity; fear of crime

1. Introduction

A growing body of evidence suggests that exposure to urban green spaces (UGS) is
critical to maintaining or increasing public health in cities, especially during emergencies
such as the recent COVID-19 pandemic [1–7]. Access to UGS is associated with a multi-
plicity of benefits, including fostering social cohesion, improving air quality, enhancing
the livability of neighborhoods, reducing overall stress and anxiety, and, more recently,
lessening the feeling of isolation experienced during confinements [1,8,9]. Nevertheless,
access to UGS is rarely neutral, predominantly in cities of the Global South [10–12]. Women,
low-income individuals, people with disabilities, and ethnic minorities often encounter
barriers, such as an absence of UGS in close proximity, fear of violence, poor quality or inad-
equate facilities, smaller available UGS, and high density, which during the pandemic was
a critical hindrance to using these spaces [7,13–15]. The barriers mentioned above influence
the possibility of visiting and enjoying UGS, which are essential to take full advantage of
their restorative capabilities and improve people’s health and overall well-being [3,16,17].

In Latin American cities, women are often underrepresented in public spaces, in-
cluding green spaces [10,18]. Even so, research that focuses on the barriers preventing
women from accessing UGS in the cities of this continent is scarce [19], particularly that
which explores the restricted use of green spaces by women during the COVID-19 pan-
demic [7,11,15,20,21]. Unlike countries in the Global North such as the United States,
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Norway, Italy, or England, where evidence on the use of UGS after the COVID-19 outbreak
showed a significant increase for most segments of the population [22,23], the current data
on women’s use of UGS in countries such as Mexico, Peru, Brazil, and Argentina shows
the opposite trend [20,21,24–27]. This is particularly concerning since access to UGS is of
paramount importance for women, with far-reaching repercussions on women’s mental
health compared to men [17], as evidenced by Roe et al.’s [28] study on the implications of
low exposure to UGS, which emphasizes the need to target this demographic. More broadly,
beyond the context of the pandemic, cities aiming to become more inclusive should evalu-
ate whether all population subgroups can access the existing green infrastructure, adapting
the built environment to account for and promote the well-being of all residents [12,29–32].

Using Mexico City as a case study, this study aims to identify and understand the
main barriers that have affected women’s UGS access in Latin America and, therefore, UGS
use during the COVID-19-induced crisis. Two central questions guide our paper: (1) What
have been the main barriers to women’s UGS access during the pandemic? (2) What factors
could help increase women’s use of UGS? These two questions are critical to understanding
women’s perspectives on UGS use and how to improve their experience while using these
spaces. Furthermore, they have the potential to inform evidence-based policymaking
designed to improve existing green areas and make access to these spaces more equitable
in Latin American cities, which is of great relevance during a prolonged public health
emergency such as the COVID-19 pandemic. To answer these two questions, we use
a sequential mixed-methods approach, encompassing three stages in its data collection
process and strategy of analysis, one quantitative and two qualitative [33,34]. Our research’s
qualitative components helped further explore the statistical results of the quantitative
component, a technique widely used in exploratory studies [35,36]. First, we analyzed
quantitative data from an online survey (n = 1245) launched in June 2020. Second, through
the analysis of survey results, we developed a qualitative instrument, semi-structured
in-depth interviews with twelve women in October 2020. Finally, through the interviews,
we were able to identify critical themes that required further exploration, which led us to
conduct two focus groups with the same participants in November 2021.

1.1. The COVID Pandemic and UGS

In March 2020, the novel coronavirus outbreak was categorized as a global pandemic,
prompting governments worldwide to take drastic measures to contain the spread of the
disease and subjecting almost half of the world’s population to stay-at-home orders [2,6].
Several cities began confinement periods during which mobility and contact between
people were restricted [37]. Preliminary evidence on the effects of lockdown measures on
the population has demonstrated that containment policies, such as stay-at-home orders
and the closure of non-essential businesses and schools, had adverse effects on people’s well-
being by introducing psychological stress, anxiety, feelings of loneliness, anger, frustration,
and in some cases, depression, especially for women [38–41]. In particular, as numerous
reports have demonstrated, once SAR-CoV-2 was categorized as a pandemic, women
experienced rising rates of domestic violence, loss of jobs, deterioration in mental health,
and increased anxiety about paying for health services [42,43], which negatively impacted
their fear of contracting the disease compared to men [44,45].

In the vast majority of affected cities, urban residents identified UGS as one of the only
means to avoid a sedentary lifestyle, cope with the stress of the situation, and improve their
physical health while maintaining distance from others, as most sports and recreational
facilities closed during the first months of the emergency [14,46–50]. For example, during
a study conducted in Oslo in March 2020, Venter et al. [22] showed that the use of green
spaces had increased, becoming a measure of resilience to the pandemic that helped sustain
the well-being of users. Pouso et al. [2] conducted an online survey in nine countries during
the early months of the pandemic and found that people who accessed UGS reported more
positive emotions and used these spaces to cope with lockdown measures. Furthermore,
research in Belgium by da Schio et al. [23] revealed that respondents also placed more
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importance on UGS after the pandemic began, showcasing the benefits perceived after
their use.

The studies mentioned above support the claim that maintaining access to UGS and
encouraging their use are essential measures for amplifying positive health behaviors in
urban populations [51]. Even more so, considering that the growing body of evidence on
the transmission of COVID-19 shows that outdoor spaces can be categorized as safe options
for recreation and leisure [14,47,52]. However, despite the diversity of benefits UGS can
provide, not all cities observed an increased UGS use during the health crisis [53]. For
example, in Argentina, a survey administered in Buenos Aires (n = 1740) demonstrated that
despite respondents associating UGS use with feelings of calmness and tranquility, they
did not increase the frequency of use or time spent in UGS after the pandemic began [26].
In Mexico City, Google’s COVID-19 Community Mobility Report revealed a decrease of
nearly 34% in the use of parks during 2020 compared to 2019, with women significantly
decreasing their use of UGS compared to men [24,25]. The latter is worrisome, as limited use
of UGS during the COVID-19 pandemic has been associated with a deterioration in health,
primarily mental health [54]. It is still unclear whether the fear of contracting or spreading
COVID-19, the closure of UGS, restrictions in mobility, or additional factors—such as
changes in the perception of UGS—could have potentially discouraged UGS visitation
expressly for women.

1.2. Barriers Affecting Women’s Access to UGS

The barriers that affect women’s UGS access are varied and, in some cases, depend on
the specific context of their location. For example, Manyani, Shackleton, and Cocks [18]
have cited social norms in South Africa as obstacles that prevent women from using green
spaces on ceremonial occasions. Another context-specific factor is extreme weather condi-
tions, which can discourage the use of these spaces [55]. For instance, in Hyderabad, India,
green spaces that lack adequate vegetation (i.e., tree cover) are not commonly used in the
summer when the temperature exceeds 40 ◦C [56]. The racial or ethnic composition of
neighborhoods can also affect the frequency of UGS use by minority women [57]. Compa-
rable to these examples, there are several others in which barriers associated with specific
social norms or geographies limit women’s UGS access.

In perspective, aspects such as the aforementioned barriers are difficult to modify.
Regardless, additional obstacles restrict women’s access to UGS, such as distance, limited
size, poor quality, perceived insecurity [13], and more recently, COVID-19 restrictions or
fears [37]. Urban planners and policymakers’ influence can modify these impediments
to promote greater UGS use by women, thereby improving their health and well-being,
particularly during a public health emergency [58–60].

1.2.1. Distance and Size of UGS

The consensus in the literature has suggested that the distance to UGS is the main
factor that enables or prevents UGS access because use is bounded by geography [16,61,62].
Distance plays a significant role in women’s access to UGS, as evidenced by a study in
two Chilean cities, which indicates that women walk shorter distances to access green
spaces [63]. In particular, given that pandemic restrictions caused the closure of UGS or
restrained residents’ mobility in several cities, this factor was reported to have significantly
influenced UGS use during COVID-19-induced lockdowns by reducing or eradicating
nearby options and eliminating the possibility of visiting distant green spaces [4,43,46]. As
an example, the results of a survey in La Palma and Zaragoza, Spain, where strict home
confinement measures were put in place to prevent the spread of COVID-19, showed that
people who live closer to green areas reported higher UGS use compared with those who
live far away [64]. Furthermore, the results of another study based on a survey conducted
in six countries suggested that, during the COVID-19 confinement period, people tended
to visit green spaces at closer distances [37]. Given the extensive evidence on distance and
its relationship to UGS access, particularly women’s UGS access, it is safe to imply that, in
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contexts with COVID-19 mobility restrictions, the lack of nearby UGS could be a critical
barrier to women’s UGS use [4].

In addition to distance, size is another factor behind the gendered patterns of UGS
use. Studies carried out in densely populated cities, such as New York, revealed that users
reported feeling calmer and accessing more often spaces that allowed social distancing,
which is linked to the size of UGS [5]. Overall, larger spaces allowed residents to engage in
activities while maintaining adequate distance from others, which was generally associated
with a propensity to use them [20]. Nevertheless, pre-pandemic evidence shows that
women tend to avoid larger spaces where they are not visible to others [19].

1.2.2. UGS Quality and Safety

For women, safety and quality—which are strongly correlated and often used to
explain one another—are generally more significant barriers to UGS access than for men,
resulting in higher UGS use for women who have access to UGS of higher perceived
quality or who do not fear violence when using these spaces [12,65–69]. For instance,
Ode Sang et al.’s [17] study in Gothenburg, Sweden, and a second study conducted in
the 40 major cities in China by Carli [21] showed that gender has a strong effect on the
perception and use of green spaces, with women placing more emphasis on UGS quality
characteristics, such as cleanliness, maintenance, order, and beauty, than men. Similarly,
survey results from the Spanish city of Carmona have indicated that women attribute a
higher value to quality and security features in green spaces than men, leading to increased
use by women in safer and higher quality UGS [70]. Furthermore, a study conducted
in South Africa found that women felt more discouraged than men to use green spaces
because of the lack of maintenance, the arrangement of vegetation, and safety concerns [18].
Knapp et al. [71], who explored the relationship between UGS use and quality in 31 green
spaces within low-income Black neighborhoods in New Orleans, United States, found
that signs of concerns, which are commonly associated with safety-related feelings, and
attractiveness were significant predictors of use for female users, while these same variables
were insignificant among men. These results are similar to those of a study conducted
by Williams et al. [68], who noted that women of color are exceedingly affected by the
perceived lack of quality in UGS; in this study, safety (measured by crime rates) was the
sole indicator used to define UGS quality.

Valentine [72] has defined the “geography of fear” as how feelings of vulnerability
affect women’s choices, mobility, and use of public spaces. To that end, perceptions
or feelings are more frequently used to measure UGS quality and safety than objective
measures [73]. Specifically, preconceived notions of a neighborhood or the particular
experiences of women in a space may have a more significant effect on UGS use than
objective crime rates [74]. In Latin America, such geographies of fear result from structural
inequalities [75], which are especially alarming at a time when collective anxiety has risen
as a result of the COVID-19 pandemic, and when measures to counteract the negative
impacts of the pandemic are desperately needed [9,32,43,76,77].

2. Materials and Methods

2.1. Phase 1: Quantitative Analysis

In June 2020, we conducted an online survey to assess people’s use and perception
of UGS during the start of the COVID-19 pandemic. The survey was launched through
social media platforms, promoting it only to adults (18 years and older). The survey was
completely anonymous and consisted of four sections containing multiple-choice and open-
ended questions related to (1) sociodemographic characteristics, (2) UGS use and frequency
of visits before and after the COVID-19 pandemic began, (3) rating of neighborhood and
UGS characteristics’ importance, and (4) health-related questions. For the current paper, we
use a subset of the survey sample consisting of only respondents who identify as women.
Of the four sections in the questionnaire, we used the information corresponding to the
first three to carry out the subsequent analysis.
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A total of 1914 women started the survey, and 1245 completed it. We received re-
sponses from all municipalities and income groups. All the questionnaires that exhibited
100 percent progress were considered, including those questionnaires in which the par-
ticipants decided for some reason not to answer one question but continued to answer
the rest. This decision was made following the reasoning behind Lopez, Kennedy, and
McPhearson’s [5] analysis of park use in NYC during the early stages of the COVID-19 pan-
demic. The authors decided to evaluate the responses of those who had completed most
of the survey due to the added value of their answers for the study’s findings. To achieve
a higher level of participation, we avoided asking for specific information. For example,
asking about the respondent’s income was ruled out. Instead, we requested respondents
to indicate their income brackets. This approach is standard for data collection over the
internet, where people may be more reluctant to provide information [40].

First, descriptive statistics were used to obtain information on the sociodemographic
characteristics of the women participating in the study’s first phase. Second, given that
the evidence indicates that the quality of UGS is a determining barrier to women’s access
to UGS [19], to understand whether the quality of UGS has influenced access during the
pandemic, we ran three logistic regression models to explore the association between UGS
access and UGS quality. UGS use was adopted as a proxy for UGS access based on the study
by Van Herzele and Wiedemann [13] that identifies access as a precondition for the use
of UGS. The first model included only the association between UGS use and respondents’
perception of UGS quality in their neighborhood (good quality = 1, not good quality = 0).
The second model accounted for potential confounders to calculate adjusted odds ratios,
exploring if they were significantly associated with UGS use. Finally, the third model incor-
porated neighborhood characteristics, including the respondents’ opinion of whether there
are enough UGS in their neighborhood and whether their neighborhood is considered quiet.

Finally, we carried out a logit regression model to address the second research question
and examine which factors are associated with UGS quality and could help increase
women’s use of UGS if present. The model assessed the effect of ten binary variables
(cleanliness and maintenance, good lighting, walls, low noise, markets, toilets, ample size,
events, police presence, and playgrounds) on the likelihood of respondents perceiving
UGS in their neighborhood as them being of good quality or not. The significant variables
were later explored in the qualitative components of the study. The predictor variables
were tested a priori to validate that there was no violation of the assumption of linearity of
the logit.

2.2. Phases 2 and 3: Qualitative Analysis

The findings of the first stage of the analysis were used to develop the second phase
of the study, which consisted of semi-structured interviews that delved into women’s
barriers and enablers related to UGS access. The introduction of qualitative components
makes it possible to recognize and articulate cultural contexts into policymaking, achieving
higher levels of effectiveness in the analysis [78]. The rationale for including two sequential
qualitative components in the study (QUAN → QUAL → QUAL) was to deepen the
reasons behind the survey’s key findings, enriching the robustness of the study’s insights
by ensuring that the follow-up qualitative data provided a better understanding of the
survey results [79]. By integrating qualitative data, we were able to provide a depth and
breadth that the quantitative approach lacked by itself [80].

We invited survey respondents to participate in in-depth interviews that would take
place in October 2020. Twelve women (ages 20 to 59) were selected to participate in the
interviews, which lasted between 45 and 80 min via telephone. Building on the work of
Sargeant [81], who defines how to ensure the quality of participants in qualitative studies,
we selected participants who could best inform our research questions and enhance our
understanding of the barriers that affected women’s access to UGS during the pandemic.
Aligned with grounded theory, we used a maximum variation sampling strategy, selecting
women from different social strata living in different city municipalities; some lived alone
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while others with their families, partners, or friends [82]. Additionally, we asked interested
parties if they had young children or lived with older adults to assess whether attitudes
changed depending on their care responsibilities. The selection of participants intended to
provide multiple perspectives since the selected women came from different backgrounds
and had diverse living conditions.

Comparable studies, such as Noël et al. [48] in Belgium and McCormack et al. [83] in
Canada, have also used in-depth interviews to better understand the association between
UGS use and other variables. The type of analysis used in this stage was thematic, de-
signed to find, review, and name common themes regarding the factors that encourage or
discourage women’s UGS use. Thematic analyses have been identified as a useful tool to
investigate the patterns and commonalities among group participants [83].

Finally, in November 2021, this same group of women was divided and invited to
participate in two 90-min focus group sessions via Zoom. The objective of the third stage
of the data collection and analysis was to investigate the continuity of the previously
identified themes once the restrictions associated with COVID-19 eased. Additionally, we
inquired about characteristics related to the quality of UGS in the survey to comprehend
whether changes or enhancements in these factors are conducive to improving women’s
geographies of fear while using green spaces. All participants gave verbal and written
consent to audio-record their interview and focus group session, with the guarantee that
their identity would remain anonymous. The ethical standards of this study were approved
by the University of Melbourne’s Psychology Health and Applied Sciences Human Ethics
Sub-Committee (2056618).

3. Results

Table 1 presents a summary of the characteristics of the survey respondents.

Table 1. Summary of the sociodemographic characteristics of online survey respondents, women
living in Mexico City (n = 1245) June 2020.

Age Group n %

18–24 412 33.1%

25–29 154 12.4%

30–34 109 8.8%

35–39 88 7.1%

40–44 84 6.7%

45–49 76 6.1%

50–54 94 7.6%

55–59 86 6.9%

60–64 77 6.2%

65+ 63 5.1%

# of other people living in the house

Living alone 44 3.5%

Living with 1 person 242 19.4%

Living with 2 people 268 21.5%

Living with 3 people 297 23.9%

Living with 4 people 180 14.5%

Living with 5 or more 214 17.2%
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Table 1. Cont.

Socio-economic status

Low-income 507 40.7%

Middle-income 284 22.8%

High-income 442 35.5%

Education

High school or less 201 16.1%

Technical degree 128 10.3%

Undergraduate 615 49.4%

Graduate school 298 23.9%

3.1. Characteristics of Survey Respondents and UGS Use (Access) during the Pandemic

Before Mexico City’s government introduced restrictions to prevent the spread of
COVID-19 on March 21, 2020, 1189 (95.5%) women indicated using UGS. This figure
dropped to 700 (56.2%) once restrictions came into place, a decrease of almost 40%. Out
of the 700 women who used UGS after restrictions were introduced, the majority (78.4%)
chose to use the green space closest to home. Interestingly, 79% of women indicated not
having enough UGS in their neighborhood. Of users, almost 10% reported staying at UGS
for less than 15 min per visit, 34% between 16 to 30 min per visit, and most users, 56%,
indicated using UGS for more than 30 mins per visit on average.

Notably, while only 39% of women living alone reported using UGS during the
restrictions, this percentage increased to 57% for women living with someone else. It is
also interesting that 62% of low-income women indicated using UGS after restrictions
began, compared with 54% of middle-income women and 51% of high-income women.
Regarding age, 53% of women aged 65 and older reported having stopped using UGS once
the pandemic began, the largest decrease of any group. This result was expected given the
vulnerability of this group to complications in the event of contracting COVID. Surprisingly,
women aged 30 to 34 years were the second-largest group of lost UGS users, with 46%
revealing that they stopped using UGS after restrictions started. In third place were women
aged 60 to 64, at 44%. The rest of the age groups suffered a reduction of 36 to 42% in the
number of users.

When we asked the 44% of women who specified not using UGS after the pandemic
began about their motives, 88% of those women indicated that, due to the health emergency,
they preferred to stay at home, either for fear of catching COVID, for fear of infecting
someone at home, or, in some cases, because they were ill and needed to quarantine.
Safety concerns occupied the second spot, with 26% of respondents who did not use UGS
expressing fear of suffering some type of violence while using these spaces. Meanwhile, not
having UGS close to home and them being of poor quality was the third (23%) and fourth
(14%) most cited reasons. Proximity issues included women’s responses that their closest
UGS had closed due to pandemic regulations, leaving them with no other nearby options.

When we asked the women who said they had used UGS at some point (either before
or after the COVID restrictions began) what activities they carried out within UGS, the
activity reported as most common was walking (83%), followed by passive engagement or
relaxing (66.2%), playing sports (20.8%), cycling (19.6%), socializing (14.4%), and buying or
selling things in the local markets located inside the green spaces (7%). Notably, out of the
1033 women who indicated they liked to walk while visiting UGS, just over one quarter
(262) mentioned that they walked with their pets.

3.2. Association between UGS Use (Access) and Perceived Quality of UGS in the Neighborhood

Next, we present the logistic regression results of Models 1, 2, and 3 (see Table 2), which
show that the perceived quality of UGS in the neighborhood affected UGS use (access)
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after COVID restrictions were introduced. The positive association between perceived
quality and access to UGS during mobility restriction is slightly reduced—but remains
significant—when additional potential confounders were added to the model. In Model
2, after controlling for age group, living arrangement, and income group, the odds of
using UGS after the restrictions are about 1.59 times higher among those who reported
good quality UGS in their neighborhood relative to those who reported otherwise (95% CI
[1.26–2.00]). Moreover, in Model 3, the positive association between perceived quality of
UGS in the neighborhood and use of UGS persists after introducing neighborhood factors:
the perceived quietness of the neighborhood and perceptions of adequate UGS in the area.
The Hosmer–Lemeshow test for Model 2 yielded a χ2 (8) of 6.09, and for Model 3, a χ2 (8)
of 10.01 and were both insignificant (p > 0.05), suggesting that the models fit the data well.

Table 2. Odds ratios and 95% confidence intervals for predictor variables associated with UGS use
(access) after COVID-19 restrictions were introduced (21 March 2020), online survey of women living
in Mexico City (n = 1245), June 2020.

M1 M2 M3

OR p 95% CI OR p 95% CI OR p 95% CI

Quality of UGS in the
neighborhood

Not good 1 1 1

Good 1.62 0.00 *** (1.30–2.04) 1.59 0.00 *** (1.26–2.00) 1.44 0.00 *** (1.13–1.83)

Age group

18–24 1 1

25–34 0.97 0.87 (0.70–1.34) 1.00 1.00 (0.72–1.39)

35–44 1.31 0.16 (0.90–1.93) 1.30 0.19 (0.88–1.91)

45–54 1.23 0.30 (0.84–1.80) 1.24 0.28 (0.84–1.83)

55–64 1.12 0.59 (0.75–1.66) 1.07 0.75 (0.71–1.60)

65+ 0.86 0.61 (0.49–1.53) 0.78 0.40 (0.43–1.40)

Living arrangement

Living alone 1 1

Living with 1 person 1.45 0.27 (0.75–2.82) 1.51 0.23 (0.77–2.95)

Living with more than 1 person 2.04 0.03 ** (1.08–3.86) 2.05 0.03 ** (1.08–3.89)

Income group

Low-income 1 1

Middle-income 0.70 0.02 ** (0.52–0.96) 0.67 0.01 *** (0.49–0.91)

High-income 0.66 0.01 *** (0.49–0.88) 0.61 0.00 *** (0.45–0.82)

Quiet neighborhood

No 1

Yes 1.42 0.04 ** (1.03–2.16)

Enough UGS in the neighborhood

Strongly disagree 1

Disagree 1.20 0.25 (0.88–1.65)

Neither agree nor disagree 1.22 0.24 (0.87–1.72)

Agree 1.48 0.06 * (0.99–2.21)

Strongly agree 1.61 0.03 ** (1.04–2.49)

Notes: Significance levels *** p < 0.01, ** p < 0.05, * p < 0.1. Model 1: Unadjusted. Model 2: Model 1 adjusted for
respondents’ age group, living arrangement and income group. Model 3: Model 2 adjusted for neighborhood
characteristics. Mc Fadden’s R-squared, Model 1:0.010 (p = 0.000). Mc Fadden’s R-squared, Model 2: 0.025
(p = 0.000). Mc Fadden’s R-squared, Model 3: 0.035 (p = 0.000).
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3.3. Features Associated with UGS Quality

What are particular features of UGS associated with women reporting having UGS
of “good quality” in their neighborhood? Table 3 suggests that cleanliness and mainte-
nance, good lighting, the presence of walls, and having playgrounds or sports facilities are
significantly and positively associated with the likelihood of perceiving UGS as having
good quality. Interestingly, the presence of police, a standard safety indicator, is not signifi-
cantly associated with perceived good UGS quality. The Hosmer–Lemeshow test for Model
4 yielded a χ2 (8) of 6.81 and was insignificant (p > 0.05), suggesting that the model fit the
data well.

Table 3. Model 4: Odds ratios and 95% confidence intervals for predictor variables associated with
perceived good quality of UGS in the neighborhood after COVID-19 restrictions were introduced,
online survey of women living in Mexico City (n = 1245), June 2020.

Predictors OR p 95% CI

Clean and well-maintained
No 1
Yes 3.79409 0.000 *** 2.032134 7.083748

Good lighting
No 1
Yes 4.386839 0.000 *** 2.672711 7.200311

Presence of walls
No 1
Yes 2.85302 0.000 *** 2.137672 3.80775

Low noise
No 1
Yes 1.316099 0.225 0.844746 2.050459

Presence of markets
No 1
Yes 0.74423 0.106 0.520042 1.065064

Toilets
No 1
Yes 1.225118 0.173 0.91493 1.64047

Size (ample)
No 1
Yes 1.264952 0.269 0.833822 1.919001

Presence of events
No 1
Yes 0.989428 0.948 0.716886 1.365583

Presence of police
No 1
Yes 0.86368 0.310 0.65088 1.146053

Playgrounds or sports facilities
No 1
Yes 5.078593 0.000 *** 3.824721 6.743527

McFadden’s R2: 0.043 (p = 0.000), McKelvey and Zavoina’s R2: 0.003 (p = 0.000). *** p < 0.01.

3.4. Qualitative Analysis Results

Through the in-depth interviews carried out in October 2020, we identified three
central themes, which were further explored during the November 2021 focus groups to
observe changes in participants’ behavior. Below are the key reflections from the interviews
and focus groups on each central theme and the changes in perceptions once restrictions
were eased.

Theme 1. The availability of UGS in the neighborhood was a critical hindrance to women’s UGS
access (use) due to COVID-19 concerns.

One of the main barriers affecting women’s use of UGS during the pandemic was the
lack of available UGS in the neighborhood, either because those neighborhoods currently
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lack UGS or due to the restrictions associated with the COVID-19 pandemic, which included
the closure of some public spaces. When reviewing our initial results, we noticed that UGS
closures were associated with the size of spaces, with several survey respondents stating
that small UGS were often closed. However, the interviews highlighted that residents of
upper-middle or upper-income neighborhoods, where most green areas are located, were
not restricted in their access to UGS. On the contrary, in neighborhoods with high UGS
availability, women were more inclined to use these spaces because they remained open,
were not saturated, and adherence to physical distancing protocols was easier.

“I often used the parks nearby, especially to walk with my dog and clear my head for a
while. The parks near our building did not close. Sometimes, police officers make sure
that there are not too many people and that those who come to the park wear face masks.”
(Participant 10, age 33)

Conversely, in marginalized areas, which already have little UGS availability and
where UGS are often small, restrictions on UGS access were introduced to prevent the
spread of COVID-19 due to overcrowding concerns. Consequently, it is safe to assume that
access was not strictly limited by UGS size but by neighborhoods’ UGS availability.

“In my neighborhood, their [UGS] use is not allowed at the moment.” (Participant 1,
age 20)

Up to October 2020, most interviewees who used UGS limited themselves to visiting
the green space closest to their homes, avoiding spending much time outside. The lack
of availability of a nearby green space did not appear to be an incentive to use distant
spaces. Even when restrictions began to ease, some women decided to walk around the
block instead of walking long distances to access UGS in other neighborhoods due to the
fear of contagion. These women continued to engage in this practice even though they
reported feeling happier when they saw greenery, indicating a greater urgency to increase
UGS availability in underserved neighborhoods.

“From September [2020] onwards, I started going for a walk because I was desperate to
avoid being at home all day, but not to the park because it is closed. I usually just walk
around the block.” (Participant 4, age 27)

In November 2021, most participants communicated using public spaces more fre-
quently than the year before, including UGS. Nevertheless, focus group discussions re-
vealed that the use of these spaces was still not as frequent as before the pandemic began.
In areas with low UGS availability, overcrowding and a lack of adherence to physical
distancing profoundly inhibited the use of some UGS for fear of becoming infected or
spreading the disease to other household members.

“I live with someone who is at higher risk of serious complications if they get sick with
COVID-19, and I don’t want to expose them.” (Participant 6, age 23)

“I still don’t go out much. I go out much more than a few months ago, but I am still not
entirely comfortable since some people don’t wear masks. . . . The park in front [of the
house] is sometimes crowded, and there are new variants.” (Participant 2, age 57)

Theme 2. For women, the concept of UGS quality and safety, including street safety, are intertwined.

Similar to the survey results, the findings from the interviews suggest a strong as-
sociation between safety and perceived UGS quality. Interviewees indicated that they
avoided those spaces in which they did not feel safe (those of low quality) or waited to
have company to use them, with “company” referring to male friends or relatives. A year
later, the focus groups showed that women’s propensity to avoid unsafe or poor quality
spaces continued once the restrictions decreased and UGS use had grown.

“I cannot say that a place is of good quality if it is not safe. What is more, I am not
particularly eager to go if I consider it unsafe.” (Participant 3, age 45)
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Interestingly, not only the quality and safety of UGS prevented women from using
them, but also the perceived safety of the surrounding streets. In particular, the interviewees
emphasized that walking on inadequate roads increased their feelings of vulnerability and
discomfort, already exacerbated by the pandemic, which sometimes led them to avoid
using UGS. Those participants who described living in low-income neighborhoods, where
minimal infrastructure is common, conveyed more intense feelings of discomfort while
walking around their respective neighborhoods.

“The road leading to the park is ugly; I do not feel safe walking there.” (Participant 6,
age 23)

In turn, when focus group members discussed what factors could improve the gen-
eralized feeling of vulnerability, good lighting was accentuated as a central factor for
encouraging UGS use, especially for women who used green areas at dawn or night. It is
important to point out that, during the focus groups, a distinction was made that referring
to good lighting as an enabler encompassed the green space and the adjacent streets. For
example, there are instances where, despite having a green area of perceived good quality
nearby, if the streets leading to it are poorly lit, the participant preferred not to use it due to
safety concerns.

“The neighborhood park is not ugly, it’s okay, but I hardly use it because I only have time
in the mornings, and the street is very dark at that time.” (Participant 7, age 28)

Consistent with the survey results, the interviews showed that maintenance and
cleanliness were fundamental to defining good UGS quality. Indeed, if the space was
neglected or had a lot of garbage, it was considered a deterrent to its use, predominantly
for those women who visited UGS with children. The focus groups stressed that with the
removal of some restrictions, and as the spaces became more crowded, the perception of
cleanliness and maintenance of various UGS decreased, negatively affecting their use and
women’s perception of safety.

“I feel that if the place looks neglected, half abandoned, it is a dangerous area where there
may be gangs or drugs are sold since no one is going to monitor or clean the place.”
(Participant 12, age 59)

Interviewees also indicated that their perception of UGS quality was associated with
the activities that could be carried out in a given space. For example, UGS with running
tracks, playgrounds, or basketball courts were generally perceived as high-quality spaces.
Through the focus groups, the topic of exercise equipment also emerged. In specific green
areas, the city government has installed fitness equipment. The participants mentioned
being in favor of the initiative, as it allows them to participate in a wider variety of exercises
without having to go to a gym, incentivizing them to be more active. This type of feature is
especially appreciated in the case of small UGS that might not be large enough for people
to run or engage in other kinds of sports that require larger spaces. The installation of
exercise equipment is also linked to feeling safe since it provides a perception of care and
maintenance to the area.

“In the greenway across the street, they put exercise machines, and I use them with my
sister and nephews from time to time; they keep us active. It looks nice because they are
well cared for and functional.” (Participant 5, age 25)

An issue that was not evaluated in the survey or interviews but that came up in the
discussion groups is the presence of homeless people or street vendors in the parks or the
streets neighboring UGS. Their appearance seems to be a common hindrance to UGS use,
increasing the geographies of fear.

In contrast to findings from earlier studies, such as Navarrete-Hernandez, Vetro, and
Concha [74]—where the presence of walls deters UGS use and is negatively related to safety,
our survey indicated a positive relationship with quality, which was further explored in the
qualitative analysis. The interviews and focus groups established that for women who visit
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medium or large UGS, such as Chapultepec Park, especially those accompanied by children
or pets, walls provide the feeling of protection against possible road incidents. However,
this observation differed for small parks or gardens, where easy access was preferred.

“I like that I can see my boys play . . . even if they run, they are in a closed space where
they will not be able to run into the street.” (Participant 9, age 35)

Theme 3. Social cohesion increased women’s propensity to use UGS in their neighborhoods despite
heightened fears of insecurity experienced during the pandemic.

In general, the interviews conveyed a heightened feeling of insecurity beyond UGS
use. The closure of businesses, the low presence of people in the streets, and the uncertainty
of the situation increased women’s feelings of vulnerability when using any public space.
In addition, seven participants expressed that these feelings did not improve from March
2020 to October 2020 due to a widespread perception that crime rates had increased because
of the economic instability resulting from the pandemic.

“In these months, there have been more assaults. Nothing has happened to me yet, but I
watch the news, and the situation looks bad.” (Participant 11, age 33)

Remarkably, eleven out of the twelve women indicated concern about gender violence
in the city, with three of them explicitly addressing the number of femicides per day,
eleven, a number constantly repeated in the press. News about gender-based violence had
increased women’s collective anxiety about using public spaces even before the pandemic
began, which was expressed in the focus groups. For instance, one of the interviewees
mentioned participating in a march to protest gender-based violence, which was attended
by thousands of women in March 2020, a few days before the COVID-19 restrictions came
into force.

Both focus groups debated the perception of generalized insecurity in the city. In
particular, it is important to mention that this perception only seems to affect women when
they use public spaces alone—when accompanied by their partner, family, or friends, the
anxiety or fear of being attacked decreases considerably. The latter is consistent with the
survey results, which showed higher use of UGS among women who live with others. In
this sense, participants agreed that public life is lived in a very different way for women,
specifying that as a woman, one must live in a state of constant alertness, especially when
going out at night, at dawn, or visiting spaces where there are few people. Geographies
of fear seem to be a constant in Mexico City, although it is critical to emphasize that the
pandemic has intensified those feelings.

“I do not go out to walk my dog at night unless my boyfriend is home, and we go together.
It is a deal we have, and that way, I feel calmer and enjoy the walk.” (Participant 8,
age 38)

Finally, women living in communities with a sense of social cohesion also described
using UGS in their neighborhoods more frequently. In this context, participants articulated
social cohesion as having a relationship with their neighbors and a strong sense of solidarity
between community members. This finding is especially noteworthy since distant spaces,
where the participants do not know other users, do not stimulate feelings of trust and,
therefore, use. Thus, a sense of community seems crucial to diminish women’s geographies
of fear. Social cohesion also affects how women perceive the police. On the one hand,
women living in neighborhoods with police assigned to that area, who know police officers
personally and have a cordial relationship with them, feel more comfortable and safer
having officers around. For instance, women living in gated communities recognized police
officers as part of their community.

“On the block, there are two policemen who make the rounds on their bicycles and also
look after people in the park nearby. We know them well; I greet them whenever I am
outside watering my plants.” (Participant 10, age 33)
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On the other hand, police presence increases stress levels for women who do not see
officers as part of the community, as they associate police with corruption, crime, and
mistreatment.

“It makes me uncomfortable to encounter cops anywhere. A patrol began to guard our
neighborhood after COVID-19 to check that everything was fine. It makes me very
nervous that cops are around here, especially because sometimes they go into the buildings
to use the bathrooms, and I fear they might steal something.” (Participant 9, age 35)

4. Discussion

In Latin American cities, the COVID-19 pandemic has exposed systemic inequalities
and accentuated pre-existing urban challenges with significant gender dimensions [42,43].
Specifically, in Mexico City, the pandemic has widened gender disparities by increasing
women’s sense of vulnerability, affecting their opportunities, motivation, and access to
UGS. This effect is evidenced by the results of our survey, which show a significant decrease
in the use of UGS by women since the pandemic began. Our quantitative and qualitative
analyses illustrate that anxiety about contracting or spreading COVID, UGS closures, and
increased geographies of fear have been core barriers to women’s access to UGS during this
period, predominantly for those women living in underserved areas with low availability
of UGS and poor street infrastructure. Markedly, the closure of UGS in marginalized
neighborhoods during the first phase of the pandemic negatively impacted the mental
health of women in these areas by further restricting their exercise and relaxation options,
amplifying health disparities [49,84].

Similar to Dunckel Graglia’s [75] empirical evidence on the use of public spaces such
as the metro in Mexico City, our findings reveal that the fear of violence hinders women’s
belief in their right to the city and, therefore, their access to UGS. To this end, research on
gender inequalities in Latin America suggested that the growing number of femicides in
the region, associated with a fear of violence, could be undermining women’s desire to
leave the house by influencing their perception of safety in public spaces [10,85]. The latter
coincides with observations from our interviews and focus groups, where participants
expressed a heightened sense of vulnerability linked to a perception of increased criminality.
Although the fear of violence when using public spaces is a barrier experienced by women
worldwide, gender-based violence is more prevalent in the cities of the Global South, which
translates into lower participation rates among women in the urban public sphere [86,87].
For instance, while a recent study of access to public parks and gardens in urban areas of
England and Wales revealed that women preferred to visit UGS that were less crowded
due to COVID-19 contagion concerns [88], our study uncovered that women in Mexico
City, conversely, tend to avoid parks with few people due to the fear of crime. Thus, to
increase women’s access to UGS both on a day-to-day basis and during a public health
emergency, it is necessary to consider expanding not only equity in UGS availability but
also equity in social access [69], or what Mazumder [12] has defined as experiential equity.

To achieve experiential equity, it is essential to understand why access to infrastructure
is restricted beyond the distribution of public resources [12]. In societies with structural
inequities, such as Mexico, the fear of objectification, harassment, assault, and rape re-
strict women’s power to participate in society by excluding them from public spaces or
limiting their ability to benefit from urban infrastructure, including environmental ameni-
ties [21,73,74]. Having no access to open green spaces to exercise or decompress during
the pandemic confinement has been a negative repercussion of gendered geographies
in Latin America [75], where women cannot use and enjoy UGS due to safety concerns.
Accordingly, exploring pathways to ameliorate the perception of geographies of fear can
be a tool for differentiating redistribution in cities and reducing health disparities during
catastrophic events [16,76]. If green spaces are not well lit, do not have adequate condi-
tions such as clear pathways, have enclosed areas with blind spots, or seem unwelcoming,
they can be perceived as hazardous rather than places that stimulate a healthy urban
environment [3,19,89].
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In this sense, our results suggest that since a better sense of belonging to one’s neigh-
borhood can boost women’s participation in the public sphere [90,91], it is imperative to
promote programs aimed at improving social cohesion to increase women’s confidence
in using public spaces and improve their trust in institutions such as the police [19,92,93].
Access to social goods in communities with high levels of social fragmentation tends to
greatly disadvantage marginalized groups, such as women [94]. Consequently, strengthen-
ing neighborhood belonging and identity, and creating networks that enrich social capital
are necessary to guarantee women’s right to the city [95].

Our findings also indicate that to expand women’s UGS access in Mexico City and,
thereby, improve their well-being and enhance their feeling of comfort, it is critical to
incorporate quality characteristics to existing UGS, such as exercise equipment or play-
grounds [17]. Even more so, to reduce women’s feeling of vulnerability, UGS and the
surrounding streets must have similar quality elements, such as good lighting, cleanliness,
and maintenance. This finding is consistent with the growing body of behavioral research
showing that routes to access public spaces are especially important for incorporating
women into the public sphere and increasing their opportunities to access health and recre-
ation spaces [69,96]. In the case of cleanliness, maintenance, and good lighting, evidence
from other countries, such as Australia and the U.K., highlights these two characteristics
as essential to intensify feelings of comfort and safety among women; otherwise, spaces
evoke fear of crime [19,62].

It is essential to highlight that the suggestions presented in this study are specific
to Mexico City. Although the city shares similar characteristics to other Latin American
cities [19], and it is reasonable to argue that some observations might be comparable to
women’s experiences elsewhere, the results cannot be extrapolated to other settings without
additional research. For example, given that the literature on geographies of fear indicates
that women in other Latin American cities share a fear of violence when using public
spaces [97], policies aimed at improving public lighting might be expected to increase the
use of UGS by women in other Latin American cities. However, more evidence is needed
to test these hypotheses and assess the extent to which the recommendations of this study
are relevant to cities in other Latin American countries. This limitation is related to the
study’s design, which in its second phase, uses a select number of women to deepen the
understanding of women’s lack of access to UGS instead of seeking representativeness [98].

Finally, although women’s access to UGS during a health crisis can be improved by
modifying the existing infrastructure to accommodate their needs [99], access to UGS will
not be entirely equitable unless structural inequalities that reinforce gender discrimination
are eliminated [72]. Accordingly, studies like this that examine potential design interven-
tions that can affect women’s willingness to use UGS in specific contexts, ameliorating their
perceived safety and comfort, are necessary to develop evidence-based policies that will
increase cities’ inclusiveness and environmental justice. However, these efforts alone are
not sufficient to eliminate the problem of the geographies of fear [100].

5. Conclusions

The present paper investigated women’s barriers to UGS access during the COVID-19
pandemic in Latin America, using a mixed-methods approach that included a survey, in-
depth interviews, and focus groups. The use of various analysis methods made it possible
to incorporate sociocultural perceptions into the data analyses, enriching the robustness
of the study findings. Using Mexico City as a case study, our results suggest that, in Latin
America, women stopped using UGS or decreased their frequency of use since the COVID
restrictions took effect. The three main barriers affecting women’s UGS access during the
pandemic have been the limited availability of green spaces in some neighborhoods, the
poor quality of UGS and surrounding streets, and the lack of social cohesion, which has
deeply hurt women’s willingness to use UGS during the health emergency.

Notably, the interviews and focus groups conveyed that the quality of UGS and their
safety are intrinsically connected to women. In turn, the safety of the route to access UGS
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is of the utmost importance to encourage their use, with elements such as good lighting,
cleanliness, and maintenance promoting a lesser sense of vulnerability. Moreover, the study
results point to a need for better guidelines that enforce physical distance during a disease
outbreak or pandemic rather than prohibiting access to UGS altogether, particularly in
marginalized areas, as evidence shows that restricting access in underserved neighborhoods
only contributes to increasing health disparities.

Studies like this one, which capture the perceptions and motivations of women,
are instruments of citizen participation necessary to improve cities’ infrastructure and
environmental justice. However, the equity of access to UGS cannot be entirely achieved
until the structural inequalities that lead to gender violence are eliminated. Ensuring
women’s social, economic, and political inclusion remains a persistent challenge in cities of
Latin America.
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Abstract: Urgent biophilia describes the conscious desire of humans to seek interactions with nature
during periods of stress. This study examines the changes in frequency and reason for visiting urban
green spaces by residents of Wellington, New Zealand, to determine whether resident behavior
during a stressful period exemplifies the principles of urgent biophilia. The COVID-19 pandemic
and resulting lockdowns were used as the study period due to the significant physical and mental
health stressors they triggered. Pedestrian and cyclist counters located in key urban green spaces in
Wellington were used to collect data on visits pre- and post-pandemic. Two surveys were used to
assess residents’ reasons for visiting urban green spaces during lockdowns. Increased green space
visits were seen during the strictest lockdowns, though there was some variation in visits depending
on the location of the green space. The most frequently reported reason for visiting green spaces
during lockdown was mental wellbeing, followed by recreation. These results suggest that Wellington
residents used urban green spaces as a coping mechanism during stressful lockdown periods for
wellbeing benefits, exemplifying the principles of urgent biophilia. Urban planners and policymakers
must consider and implement urban green infrastructure as a public health resource.

Keywords: urgent biophilia; urban green space; nature-based coping; human wellbeing; pandemic;
COVID-19; urban green infrastructure

1. Introduction

1.1. Urgent Biophilia and Human Wellbeing

The concept of biophilia, introduced by E. Fromm in 1964 and popularised by E.O.
Wilson in 1984, describes the “innate human tendency to focus on and affiliate with life
forms and life-like processes” [1]. This affiliation and desire to connect with nature, often
termed the biophilia hypothesis, is said to be encoded in human genetics as a result of
our evolutionary and historical dependence on other species and biological systems for
survival and reproduction [2,3]. A growing body of quantitative and qualitative research
provides evidence for the mental and physical advantages associated with biophilia and
contact with nature, as well as the adverse effects of a lack of contact with nature [4,5].

A framework for incorporating biophilia into the built environment at the architectural
scale, termed biophilic design, was introduced by S. Kellert, a colleague of E.O. Wilson, in
2008 [6]. Biophilic design frameworks related to urban scales have also been devised [7,8],
and an international Biophilic Cities Network exists to facilitate a global network of partner
cities “working to pursue a natureful city within their unique and diverse environments
and cultures” [9].
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Biophilic design utilises natural morphologies, materials, and spatial patterns and
arrangements to provide more opportunities for humans to connect with nature, either
directly or indirectly, in buildings and cities, thereby improving human wellbeing [6].
Russell et al. [10] categorised the contributions of non-material experiences of nature to
the many facets of human wellbeing, including certainty and control, inspiration and
fulfilment, sense of place and identity, and connectedness and belonging.

In 2012, K. Tidball [11] proposed the concept of urgent biophilia to describe nature’s
role in human resilience. In contrast to the biophilia hypothesis, which suggests that our
innate affinity to nature is mostly subconscious, urgent biophilia suggests that humans
consciously seek out contact with nature to strengthen their resilience during a crisis or
disaster. Tidball’s 2012 paper [11] reviews the therapeutic benefits of contact with nature
and suggests that within the context of a disaster or crisis, individuals or communities may
consciously seek out nature to reap those benefits and aid in their recovery. This hypersen-
sitised manifestation of the human affinity for nature functions as a self-administered or
doctor-prescribed [12] nature-based therapy that can improve our capacity to withstand
and adapt to hardship [13].

1.2. Green Space and Human Wellbeing

Ecosystems and contact with nature contribute to human wellbeing through physical,
psychological, philosophical, social, cultural, and spiritual pathways [14]. The term “well-
being” goes beyond the meeting of basic needs and includes elements such as a positive
physical and mental state, social cohesion and participation in society, and a sense of
purpose and achievement [5]. These more intangible benefits of contact with nature are
central to human values and preferences, such as cultural diversity and identity, cultural
landscapes and heritage, inspiration, recreation, and tourism [10,14].

An extensive body of literature documents the mental and physical health benefits
related to nature-based therapies and living in close proximity to nature [4,5]. Nature-based
therapies for mental wellbeing include practices such as forest bathing, horticulture, and
community gardening [15]. There is evidence for the positive impacts of nature on stress
reduction [16], social cohesion [17], and improved mood [18]. Significant associations have
been found between the proximity and accessibility of urban green spaces and positive
physical and mental health outcomes [19]. However, McDonald et al. [20] found that
only 13% of urban residents live near enough forest cover to confer significant wellbeing
benefits. Due to age or financial constraints, residents with limited mobility are particularly
impacted by a lack of access to good quality urban green space [21]. Urgent biophilia
suggests that access to the physical and mental wellbeing benefits of urban green spaces is
especially important during times of crisis. Therefore, this study examines the COVID-19
lockdowns and their impacts on green space visits by urban residents.

1.3. COVID-19 Pandemic and Human Wellbeing

The global public health crisis presented by the COVID-19 pandemic sent unprece-
dented regulations throughout countries worldwide. When the COVID-19 virus arrived
in New Zealand in February 2020, the government implemented rapid, strict lockdowns
to stop its spread. While this resulted in New Zealand having fewer COVID-19 cases and
deaths, there were other impacts on wellbeing due to the economic, social, and health
consequences of the border closure and lockdowns [22]. Such large and sudden disrup-
tions to everyday life negatively impact the wellbeing of populations, particularly those
in urban environments with limited access to green spaces [23]. Whether through direct
contact with the COVID-19 virus or the indirect impacts of the local and global restrictions
put into place to reduce its spread, the COVID-19 pandemic has had serious impacts on
human wellbeing [24]. The COVID-19 period has been associated with significantly higher
levels of depression and anxiety [25], and lockdown severity significantly impacted mental
health [26]. The COVID-19 pandemic is a crisis scenario that contains no physical destruc-
tion or disaster but remains a threat to public health and social cohesion. The self-isolation
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and stay-at-home orders severely limited travel globally and locally and reduced the op-
portunities for coping mechanisms, such as social activities and time spent with loved ones.
Without these conventional coping strategies, how did individuals cope with the stress
and uncertainty brought on by the pandemic? Based on the concepts and evidence in the
biophilia, human wellbeing, and urban green space literature, this study investigates if and
why residents of Wellington, New Zealand, used their local green spaces for nature-based
coping mechanisms during the COVID-19 lockdowns, as the theory of urgent biophilia
might suggest.

2. Materials and Methods

2.1. COVID-19 Lockdowns in Wellington, New Zealand

New Zealand is a temperate island nation in the South Pacific with a population of
approximately 5 million [27]. The first COVID-19 case in New Zealand was reported on
28 February 2020. The New Zealand border was closed to all but citizens and permanent
residents on 19 March 2020. The New Zealand Government implemented a National Action
Plan to manage the spread of COVID-19 and outlined four levels of restrictions [28]. The
Alert Level system was introduced and put in place on 21 March 2020, and New Zealand
was placed in Alert Level 2. A series of Alert Level changes and lockdowns followed over
the next five months, with the most stringent isolation requirements (Alert Level 4) lasting
four consecutive weeks. During Alert Level 4, people were to remain at home except to
visit essential services. Outside recreation (e.g., walking, jogging) was allowed with social
distancing but was limited to residents’ local neighbourhoods. The COVID-19 Stringency
Index rated New Zealand’s Alert Level 4 protocol the strictest in the world (96.30 out of
100), followed by Italy (93.52), France (87.96), and the UK (79.63) [29]. During Alert Level 3,
people were required to work and study from home, if possible. There was limited domestic
travel, and public venues were closed, other than most urban green spaces. During Alert
Level 2, alternative ways of working were encouraged to limit the virus spread. There were
reduced capacities in public venues, other than urban green spaces, and restrictions on
mass gatherings. During Alert Level 1, most restrictions were removed, except for physical
distancing, contact tracing, and restrictions on mass gatherings. Self-isolation and testing
were required for anyone symptomatic [28]. Alert levels varied in different parts of New
Zealand, particularly in 2021.

Wellington, a coastal city on the North Island, is the capital of New Zealand and has
a population of approximately 216,505 [30]. The city’s steep hilly topography constrains
development and affords residents a high proportion of visible green and blue space [31].
As a result of the preservation of a series of interconnected urban green spaces (known
as the Town Belt) and other key native habitat reserves [32], central Wellington has an
average of 20 m2 of urban green space per person, but this varies considerably between
different suburbs [33]. This is more than twice the WHO recommendation of at least 9 m2

of urban green space per person [34]. Because most residents have access to nearby green
space, Wellington is a good case study for examining green space usage by urban residents,
particularly during the COVID-19 period (Figure 1) when travelling to larger natural areas
on the urban periphery was restricted. Wellington is one of the cities in the International
Biophilic Cities Movement [35].
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Figure 1. Wellington, New Zealand, COVID-19 Alert Level restrictions and dates from 2019 to 2021.
Alert Level (AL) restrictions increase in strictness, with AL-4 being the strictest (everything except
essential services closed). The start dates of the Alert Level periods are shown in the labels.

2.2. Wellington Pedestrian and Cyclist Counter Data

Wellington City Council has a large network of pedestrian and cyclist counters through-
out its green spaces to track trail visits. For this analysis, data from counters in six urban
green space locations in the Wellington region were used: Gilberd Bush, Hataitai to City
Walkway, Southern Walkway (and “Super D” mountain bike trail), Berhampore Golf
Course, Mount Kaukau, and Waimapihi (Polhill) (Figure 2). These counters produced the
most reliable and consistent data over the study period of January 2019 to March 2022.
The counters used by Wellington City Council are from Eco-Counter [36]. The PYRO
Evo counter is a passive infrared sensor sitting inside a wooden post beside the trail that
counts pedestrians only. The MULTI Nature counter uses a passive infrared sensor and
an inductive loop sensor buried under the trail to distinguish between pedestrians and
cyclists. Data were collected via cellular transmission using the Eco-Visio data analysis
platform from Eco-Counter.

 

Figure 2. Pedestrian and cyclist counter locations in Wellington green spaces. Berhampore Golf
Course (GC) and Mount Kaukau had pedestrian-only counters. The other four locations had MULTI
counters. The base satellite image is from Landcare Research [37].
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The data from these counters were processed using the statistical analysis package
“R”. Trail visits in the various Alert Level periods in Wellington throughout 2020, 2021, and
2022 were compared to the (pre-COVID) trail visits in 2019. The process for each counter is
as follows:

1. The daily aggregate of counts are calculated.
2. The daily mean count on weekends and weekdays is calculated for each month.
3. A correction factor for each month’s weekends/weekdays is calculated by comparing

the monthly means with a reference month (March 2019). The month is arbitrarily chosen.
4. Each day’s aggregate count is adjusted by the correction factor.

This process corrects for differences in green space visits in Wellington between
weekends and weekdays and across seasons. Extreme values (those far more or less
than expected) were investigated to identify faulty counters and were not included in
the analysis.

2.3. Tanera Park Survey

Tanera Park in Aro Valley is one of the green spaces that make up the Wellington Town
Belt. During the first national lockdown, labelled glass jars were tied to a fence at one of the
park’s viewpoints, and small stones were piled near them to create an interactive survey
installation (Figure 3). The survey was carefully designed so that it would not increase
virus transmission potential. Posters next to the jars asked people to place a stone in the jar
that best described the reason for their visit to the park on a given day (Figure 4). The stones
were removed from the jars and counted at the end of each day. The installation was active
from 19 April to 29 May 2020, during which Wellington transitioned from Alert Level 4 to
Alert Level 2. During the first phase of the survey, there were five jars, each corresponding
to a known green space benefit: mental wellbeing, education, beauty, inspiration, and
recreation. After an initial assessment of the data collected, phase 2 of the survey expanded
the categories related to mental wellbeing and recreation, linking them to attributes of
biophilic design. Seven jars were installed in groups related to mental wellbeing, recreation,
and aesthetics. There were three jars in the mental wellbeing category (upliftment, stress
relief, and hope), two jars in the recreation category (sport and leisure), and two jars in the
aesthetics category (beauty and inspiration).

 

Figure 3. The location of the jar survey in Tanera Park in Aro Valley, Wellington. The base satellite
image is from Landcare Research [37].
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(a) (b) 

Figure 4. Images of the Tanera Park jar survey: (a) jar labels for phase 1 of the survey; (b) jar labels
for phase 2 of the survey.

In order to better understand if people’s behavior was exemplifying the principles of
urgent biophilia, an online survey was created using Qualtrics and was active from 27 May
to 30 June 2020. The online survey was distributed via a QR code installed next to the jars,
and through popular Facebook groups, community noticeboards, and flyers. However, it
was limited to people who had visited and/or interacted with the jar survey in Tanera Park.
The survey consisted of 27 questions that expanded upon the jar survey in the park and
further investigated people’s frequency and reasons for visiting the park during COVID-19
lockdowns. The survey also allowed open text answers for the reason for visiting the park
to capture responses that were not covered by the jar categories, and it also provided a list
of options for participants to describe their emotional state.

3. Results

3.1. Wellington Pedestrian and Cyclist Counter Analysis

In total, the six Wellington green space locations registered 538,000 visits in 2019,
compared to 564,000 (+4.8%) in 2020 and 554,000 (+3.0%) in 2021; however, some individual
stations registered larger changes, such as Gilberd Bush in 2020 with a 67.3% increase or
the Hataitai to City Walkway with a decrease of 22.1% in 2020 (Table 1).

Table 1. Summary of green space visits in 2019 (pre-COVID), 2020, and 2021.

Counter 2019 Visits
2020 Visits

(Change from 2019)
2021 Visits

(Change from 2019)

Berhampore GC 18,172 21,484
(+18.2%)

25,059
(+37.9%)

Gilberd Bush 12,438 20,803
(+67.3%)

16,849
(+35.5%)

Hataitai to City Walkway 134,103 104,467
(−22.1%)

111,419
(−16.9%)

Mount Kaukau 156,067 160,990
(+3.2%)

145,395
(−6.8%)

Southern
Walkway/Super D 161,711 182,479

(+12.8%)
192,556

(+19.1%)

Waimapihi (Polhill) 55,739 74,091
(+32.9%)

63,129
(+13.3%)

Total 538,230 564,314
(+4.8%)

554,407
(+3.0%)
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Figures 5 and 6 are frequency distribution graphs of daily visits at the six green space
sites during high Alert Levels (3–4) and low Alert Levels (0–2) for each post-COVID-19 year,
each compared to the pre-COVID-19 (2019) period. These graphs show the proportion of
days (y-axis) against the number of visits per day (x-axis). A narrow peak on these graphs
results from the number of visits per day being relatively consistent. In contrast, low, flat
curves result from the number of visits being highly variable.

Figure 5. The distribution of daily green space visits during high Alert Levels (3–4) in 2020 (orange)
and 2021 (purple) compared to the pre-COVID-19 (2019) periods. The graphs show the proportion of
days (y-axis) with a number of daily visitors (x-axis), and thus show how consistent the number of
visits is. The mean daily visitors are also marked with a dashed line and label with this compared to
2019. All values have been corrected for mean monthly and weekend/weekday differences.

Figure 6. The distribution of daily visits during low Alert Levels (0–2) in 2020 (orange), 2021 (purple),
and 2022 (pink) compared to the pre-COVID-19 (2019) periods. The graphs show the proportion of
days (y-axis) with a number of daily visitors (x-axis), and thus show how consistent the number of
visits is. The mean daily visitors are also marked with a dashed line and label with this compared to
2019. All values have been corrected for mean monthly and weekend/weekday differences.

At high Alert Levels, there were also variations in the visit patterns of different green
space trails. For example, the Hataitai to City Walkway is often used for people’s commute
to work; however, with business and school closures and people working and studying from

87



Land 2022, 11, 793

home, there was a decrease in the number of people on that trail, −78% in 2020, compared to
an increase of 62% in 2021. Recreational bush trails, namely Waimapihi (Polhill) (+206% in
2020), Gilberd Bush (+308% in 2020 and +288% in 2021), and the Southern Walkway/Super
D (+143% in 2021), saw dramatic increases in visits during the lockdowns. Several of the
trails saw large increases in the day-to-day variance in the number of visits, especially
Gilberd Bush and the Haitaitai to City Walkway.

At low Alert Levels (Figure 6), the differences from pre-COVID-19 visits were, as
expected, more modest compared to high alert levels. Especially Mount Kaukau had little
variation (−8% to +13%). The visit profile for both the Southern Walkway/Super D and
Waimapihi (Polhill) became notably more variable compared to the other years for each.
The Hataitai to City Walkway has seen decreased use in all years, suggesting the increase
in use in 2021 high Alert Levels (Figure 5) may have been the result of increased leisure use
of this trail while commuting use may have decreased overall.

3.2. Tanera Park Survey Analysis

On average, 60 stones were collected every day from the jars. During the first phase of
the jar survey, which coincided with Alert Level 4, the jars that received the most stones
were recreation and mental wellbeing, each accounting for a third of the total stones counted
(Figure 7). During the second phase of the jar survey, which expanded the jar options and
grouped them into three categories, mental wellbeing and recreation remained the main
reasons for visiting the park. Stress relief and leisure were the jars that received the most
stones during Alert Level 3, while the beauty and leisure jars became the most popular
during Alert Level 2.

Figure 7. Reasons for visiting Tanera Park during the COVID-19 lockdowns in Wellington. Phase 1
of the jar survey included five options. These options were expanded in phase 2 of the survey and
grouped into the categories of mental wellbeing (upliftment, stress relief, and hope), recreation (sport
and leisure), and aesthetics (beauty and inspiration).

There were 134 responses to the online survey, of which 58 met the selection criteria
of having visited and interacted with the jar installation in Tanera Park. The majority of
the respondents lived within a 10 min walk from the green space. Over half (58%) of the
respondents said they were visiting the park more frequently during the lockdowns than
they did prior to them, with 19% stating they visited the same amount and 23% stating they
visited less (Figure 8). The reasons for this could be grouped into four main themes: routine
change, more time, lack of other options, and feeling confined indoors or cabin fever. With
the removal of daily commutes, errands, and social activities, some respondents stated that
visiting the park provided an opportunity to break up the monotony of their lockdown
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experience. With fewer commitments and more flexible working or schooling from home
options, some respondents stated that they had more time in their day to walk and spend
time in the park. The lack of other safe options for exercise and outdoor gatherings that
abided by the social distancing guidelines was another reason some respondents visited
the park. The proximity to their home and the spaciousness of the paths made Tanera Park
more attractive than some of the neighbouring green spaces that had narrower paths. The
most common theme in visitor responses was that of cabin fever. Respondents expressed
a need for fresh air or to escape from the indoor confinement and isolation imposed by
the lockdowns.

Figure 8. Respondents’ respective walking distance from Tanera Park and their change in frequency
of park visits during the COVID-19 lockdowns in Wellington.

In response to the questions relating to their emotional states during the lockdowns,
many respondents selected uncertainty and gratitude, followed closely by relaxation,
stress, and anxiety. The varied and sometimes contradictory emotions selected reflect
the complexity of the impacts of the lockdowns on mental wellbeing. However, the
majority (77%) of the respondents answered that visiting the park helped alleviate some of
their negative emotions. When asked how they thought the park helped them cope with
negative emotions, some respondents answered that it helped them overcome uncertainty
by providing a space for them to gain perspective and reflect. Others stated it helped
them alleviate stress by providing an opportunity to escape from media and clear their
mind. As one of the few options for social distancing, some respondents said the park
helped combat loneliness by allowing safe social interactions. Some respondents said that
the park offered a change of scenery and activity to alleviate cabin fever. Though many
respondents recognised their need for the wellbeing benefits of nature, when asked to
elaborate whether this need was more during the pandemic than it was before, the majority
responded that their need for it remained the same (Figure 9). This indicates that many
respondents recognise and rely on nature in their daily lives and not only in times of crisis
and that other factors, such as more time and fewer other options, could have been the
driver behind their increase in visits to the park.
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Figure 9. The responses to two questions of the online survey. The questions were: to what extent do
you resonate with the statement “needing nature now”, and how has your need for nature changed
during the lockdown compared to the pre-pandemic period?

4. Discussion

The Wellington City Council pedestrian and cyclist counter data showed that there
was an increase in urban green space visits during the COVID-19 lockdowns, with visit
increases being the highest during the strictest Alert Level (3 and 4) periods. Biophilia
is generally described as a subconscious affinity [1]; however, the Tanera Park surveys
showed that the majority of visitors were conscious of and made use of nature-based coping
mechanisms to alleviate negative emotions and lifestyle changes during the COVID-19
lockdowns, exemplifying the principles of urgent biophilia [11]. However, some important
limitations to the data should be noted. The counters used recorded only the numbers of
pedestrians or cyclists passing and did not track the patterns of individual users. Further
research using individual tracker data could help isolate the changes in the total number
of park visitors and individuals’ frequency of visits to the park during the COVID-19
lockdowns. Individual tracker data could also supplement the surveys conducted in this
research, which were limited by small sample sizes and self-selected participants. No
visitor sociodemographic information was collected by the counters or surveys. Future
research using individual tracker data could help capture differences in green space usage
or engagement with the surveys between subgroups of Wellington’s population.

Despite some data limitations, the results of this research support other surveys of
New Zealand residents and their interactions with nature during the COVID-19 pandemic.
The New Zealand Department of Conservation conducted qualitative interviews from
November 2020 to January 2021 to understand how visitors’ participation and perspective
towards the outdoors had changed as a result of the pandemic [38]. They found similar
drivers, such as coping with anxiety, uncertainty, and change, behind people’s participation
in the outdoors. An online panel survey of three standardised wellbeing measures found
that New Zealanders experienced higher levels of severe psychological distress and anxiety
during the COVID-19 lockdowns, particularly in young adults who reported the highest
levels of suicidality [39]. However, compared to a cross-sectional study conducted in the
UK, Gasteiger et al. [40] found that levels of anxiety and stress were significantly lower
in New Zealand overall during the pandemic. A similar result was found in a study
comparing mental health and wellbeing in the UK, Ireland, New Zealand, and Australia,
with New Zealanders reporting the highest levels of mental health and wellbeing [41].
Another study by Sibley et al. [21] found that there was a small increase in psychological
distress in New Zealanders as a result of the COVID-19 lockdowns; however, they also
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found that participants felt a greater sense of community. With limited indoor options for
social gathering, this may suggest that the safe social gathering opportunities provided
by urban green spaces contributed to wellbeing during stressful lockdown periods in
addition to the restorative benefits of nature itself. Though perhaps skewed as a result of
the travel restrictions during lockdowns, the majority of respondents lived within a 10 min
walk from the park, demonstrating the importance of local green space accessibility for
nature-based coping mechanisms. A study of New Zealanders’ physical activity during
the March to May 2020 lockdown found that only half of the respondents were able to
maintain their usual level of physical activity as a result of gyms closing [42]. A survey
by Faulkner et al. [41] found that those who reported doing less exercise as a result of the
COVID-19 lockdowns had reduced mental health and wellbeing. Because green spaces
can be important locations for recreation and outdoor physical exercise, having accessible,
evenly distributed green spaces in cities could increase opportunities for physical activity
during closures of public and private exercise facilities. This is an additional reason
why urban green space contributes to mental health and wellbeing and why it must be
strategically incorporated across urban landscapes in relation to the spatial distribution of
human population densities.

The increase in green space visits by urban residents for wellbeing benefits during
the COVID-19 lockdowns found in this study also corroborates international research
findings on green space usage during the pandemic. Using mobile tracking data, Venter
et al. [43] found that recreational green space usage increased by 291% in Oslo, Norway, in
comparison to a 3-year average for the same days after adjusting for other factors, such
as weather. As with the results of this study, these findings demonstrate the importance
of urban green space as a critical piece of resilience infrastructure during crises. Marconi
et al. [44] found that the meaning of urban green space to survey respondents in Buenos
Aires, Argentina, evolved from just a place to experience nature to an important piece of
infrastructure in the city during the COVID-19 restrictions. Spatial analyses combined with
online questionnaires were used by Robinson et al. [45] to find that respondents in England,
UK, spent more time in nature during the pandemic, most stating it was for health and
wellbeing benefits. They also found that higher amounts of green land cover within a
250 m radius from respondents’ homes were an important predictor of increased mental
wellbeing [45]. A survey conducted by Berdejo-Espinola et al. [46] in Brisbane, Australia,
found that nearly 80% of respondents stated their reason for visiting green spaces during
the lockdowns was for physical and mental wellbeing. In their international survey, Ugolini
et al. [47] found that pre-pandemic, the most popular reasons for visiting urban green space
were relaxing and physical exercise. When the lockdowns limited access to urban green
space, many respondents stated that it was the outdoor environment and social activity
elements of green space that they missed the most. Pouso et al. [26] found that having
contact with nature especially helped those under strict lockdown. Their international
European survey found that individuals with accessible outdoor space and visible blue
and green space had more positive emotions. Reid et al. [25] found significant reductions
in depression and anxiety were associated with spending time in green space as well as
residents’ perceived abundance of green space, after adjusting for sociodemographic and
pandemic-related stressors.

5. Conclusions

This study combined quantitative data from pedestrian and cyclist counters with
qualitative data from surveys to determine if and why the COVID-19 lockdowns changed
Wellington residents’ green space visits. Our findings show that urban residents did actively
seek out green space for restorative mental wellbeing benefits during the uncertainty and
stress of the COVID-19 lockdowns, exemplifying the principles of urgent biophilia. In
order to enhance the resilience of urban residents in the face of global crises, it is crucial to
provide accessible green spaces and green infrastructure in cities to provide opportunities
for residents to engage in nature-based coping mechanisms and thus positively affect mental
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health and wellbeing and resilience. Though urban green space accessibility discourse
often focuses on mobility-restricted populations, the COVID-19 pandemic showed that
accessibility is important for everyone during periods of crisis that restrict movements
(lockdowns, natural disasters, etc.). Urban planners and policymakers must consider
urban green infrastructure and spaces as a public health necessity and ensure a strategic
distribution of green spaces across urban environments that correlates to where people live.
Increasing the opportunities for individuals to engage in nature-based coping mechanisms
during periods of normalcy and in times of crisis is essential for the current and future
wellbeing of urban populations.
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Abstract: Urban green spaces (UGS) as essential elements of the urban environment provide multiple
ecosystem services including benefits for physical and mental health. Impacts of the COVID-19 pandemic
and related restrictions have influenced human relationships with nature. Based on empirical research, this
article explores the pathways and implications of human-nature interactions during and after COVID-19
and how human health and well-being could be supported by contact with nature. The article discusses
the reasons that attract people to visit UGS (value of UGS, their perceptions, ways of contact with urban
nature, etc.). It also analyses the effects of social isolation on the usage and perception of UGS during and
after the COVID-19 pandemic. The research revealed current needs for UGS and their role in adaptation
of urban development and greening strategy. For this purpose, an online questionnaire survey among
residents of Moscow was conducted in April–July of 2020 when restrictive measures were imposed
in the city in response to the COVID-19 pandemic. Additionally, non-participatory observations and
photo documentation were used to supplement the data on UGS visitation and use. The GIS mapping
method was applied to analyze the UGS provision (availability and accessibility of UGS). Moreover, expert
interviews were conducted aiming to explore the implications of the COVID-19 pandemic on the urban
fabric and life of the citizens. The aim was to reveal the main tendencies that can be used in the adaptation
of urban development plans, especially regarding UGS and human-nature interactions. The results show
that citizens (both survey respondents and experts) highly value urban nature as a tool for coping with
COVID-19 challenges. They underlined a need for accessible UGS, most notably for breathing fresh air,
reducing stress, relaxing, and observing and enjoying nature. The survey also revealed the particular health
effects resulting from the reduction of UGS visitations due to COVID-19 restrictions. Several changes
in human-nature interactions were also observed: many respondents especially missed spending time
outdoors and meeting other people. That highlights the fact that while UGS normally provides places for
social integration and socializing, during the COVID-19 isolation UGS were especially valued in regard
to physical health and well-being (self-recovery). Both respondents and experts expressed their opinions
regarding the future development of UGS network and how the UGS’s structure and design should be
adapted to the current challenges. The claimed interests/preferences included the need for providing
all residents equal access to UGS in a time of pandemics and post pandemics. A set of limitations and
directions for future research of UGS was suggested.

Keywords: green infrastructure; urban green space; human-nature relations; COVID-19 pandemic;
green recovery in a (post) COVID world
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1. Introduction

Urban green spaces (UGS) such as parks, gardens, forests, etc. are a vital element of
the urban environment that provides healthy, sustainable living conditions and enhances
the quality of life [1–3]. Defined as all urban land covered by vegetation of any kind [4],
UGS include a diversity of ecosystems and their ecological processes, which support
urban blue and green infrastructure and provide multiple ecosystem services (ES). Many
recent studies confirmed that contact with nature in vegetated and water-rich urban areas
improves people’s physical and mental health by reducing stress in everyday life [3,5,6]. It
also stimulates physical activity [7,8], enhances human wellbeing and mental state, and
improves the quality of life [9–15]. Contact with nature facilitates social cohesion and
inclusion [3,16–18], contributes to a sense of place, and shapes regional identity [19–21].
UGS increase resilience to climate change and environmental shocks by moderating the
urban heat island effect, noise, chemical pollution, and excessive storm water run-off. UGS
promote biodiversity conservation and sustainable lifestyles [1,22–25].

Accelerated urbanization and current societal challenges, especially during the COVID-
19 pandemic and associated social isolation, increased stress and spatial recalibration of
everyday life. It is also demonstrated that urban nature can play an essential role for the
resilience of urban society by providing significant positive impacts on the physical and
mental health of individuals and communities [2,26,27]. The extraordinary circumstances
surrounding the worldwide coronavirus (COVID-19) pandemic, when billions of people
over the globe were locked down with limited access to UGS, highlighted the importance of
contact with urban nature for human well-being and shaping human-nature relationships
and the recovery in the post-pandemic world [28–32]. In order to address the declaration
of WHO measures to slow or prevent the spread of COVID-19, many cities worldwide had
to implement various restrictions that affect individual mobility and public life, including
limited access to services and facilities outside their neighborhoods, whilst lowering the
intensity of their usual physical activity. In several cities, it also resulted in the closure of
some public parks and other open spaces to help encourage physical distancing [29,33,34].
Thus, UGS within local neighborhoods has become more important than ever not only in
hosting people’s outdoor activities but also in allowing secure socializing [28,33,35]. In
this regard, the quality of UGS and their availability, green planning and landscape design
characteristics should receive special attention.

This study aims to explore the pathways and implications of human-nature interac-
tions during and after the COVID-19 pandemic and how health problems and pandemic
challenges can be mitigated through contact with nature (therapeutic value of nature).
In particular, the study addresses the following research questions: (a) how COVID-19
impacted human life and personal well-being and what activities were undertaken by
citizens to cope with COVID-related challenges; (b) what are the reasons that normally
attract visitors to UGS (e.g., claimed as perceived personal benefits from UGS, value of
UGS/role of nature, ways of contact with urban nature, etc.); (c) how COVID-19-related
restrictions changed the human-nature interactions (visitation, usage, and availability of
UGS); (d) what are the current preferences and needs for UGS and what are COVID-related
adaptations of UGS to sustainable planning and management strategy. Following previous
studies on effects of the COVID-19 pandemic on the use and perceptions of urban green
space [2,26–28,31,33–35], UGS accessibility and availability [27,29,30,32], value of UGS from
the planners’ perspective [28,34], we conisder a wide diversity of human–nature interac-
tions and how COVID-19 can affect their dynamics. Moreover, we aim to explore what
novel actions and adaptation strategies can be established that can have positive outcomes
for both humans and nature. There is an increasing number of studies on COVID-19 and
UGS use published in 2020–2021; however, they are still dominated by European Union
countries, followed by the USA. Insights from other countries, including Russia, remain
underrepresented. In this sense, Moscow presents an interesting case, which can provide
a different perspective. Moreover, this exploratory study adds to the literature by imple-
menting an integrated approach of combining a social survey (as a pilot study) with expert
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interviews, GIS mapping and non-participatory observations providing the insights from
UGS perception and use in a megacity demonstrating the impact of COVID-19 and how it is
addressed in the city greening strategy. In particular, an online questionnaire survey among
residents of Moscow has been conducted in May–July of 2020 when restrictive measures
were imposed in response to the COVID-19 pandemic. In addition, non-participatory ob-
servations and photo-documentation were used to supplement the data on park visitation
and the use of UGS, as well as GIS mapping to analyze the availability and accessibility
of UGS. Other methods were semi-structured interviews with experts in January–March
2022 aiming to reveal the main tendencies in the adaptation of urban development plans to
planning, design, and use of UGS during the pandemic.

Our prime hypothesis is that regular contact with nature and a variety of human-
nature interactions is vital in ensuring resilience and sustainability under the (post)-COVID
conditions and in times of continuous decline of nature in cities. The paper has the
following structure: we begin by reflecting on the results of the questionnaire survey and
non-participatory observation with photo-documentation regarding the human-nature
interaction, e.g., the subjective values assigned to UGS and their importance for mental
and physical well-being, especially during and after the COVID-19 pandemic. Then, we
discuss the issues of UGS access and preferences, followed by suggestions for designing
UGS. Finally, we compare the survey results with the UGS provisions and benefits maps
based on the spatial proxies (e.g., availability of UGS, the total area of parks/maintained
UGS, nearest distance to parks, averaged land surface temperature, number of tree/bird
species, and urban heat stress index). We also elaborate on the role of UGS in adaptation
to the new circumstances based on the analysis of expert interviews. This analysis also
revealed the main tendencies in the adaptation of urban development plans regarding
planning, design, and use of UGS. We also discussed some limitations and directions for
future research, which are vital for creating resilient and livable cities promoting healthy
lifestyles and habitats after the pandemic.

2. Materials and Methods

The study involved a three-step process (Figure 1) starting with the pre-investigation
phase (preliminary research) aiming to identify the key issues related to research on human-
nature interactions and identifying research gaps. That is followed by suggestions on how
they can be covered by the presented research (identifying research questions and method-
ology) using a literature review. The next step refers to data collection and analysis. For
this purpose, different methodologies were used (questionnaire survey, non-participatory
observation, GIS mapping, and interviews with experts), and each of them refers to the
particular research question (see main outcomes at Figure 1). The final step deals with data
interpretation and comparison with previous studies as well reflecting on limitation and
identifying directions for future research.
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Figure 1. Research framework.

2.1. Study Area

The investigation was conducted in Moscow, Russia’s capital city (Figure 2), which
covers an area of 2500 square kilometers and is inhabited by over 12.5 million citizens
(including the New Moscow district) (2018 census). It is the biggest Russian city and
center of political, economic, and cultural life. The city is situated on the banks of the
Moskva River. The climate is humid continental with long, cold winters usually lasting
from mid-November to the end of March, and warm summers. The cold climatic conditions
(snow is present for about five months a year, from mid-October to the beginning of April)
and the recent change in Moscow’s regional climate due to global warming (extreme heat
is more frequent in the city and has reached 37.8–38.2 ◦C) act as limiting factors for outdoor
recreation. Nevertheless, the city is characterized by a high percentage of green spaces
(55% of the city territory). Green infrastructure framework dated back to 1935 when the
initial City Master Plan was implemented. This Master Plan defined the protection and
management of a Green Belt around the city, the establishment of seven major green zones
stretching from the outskirts to the center, and a connecting system of boulevards and
parks. During the Soviet period (1917–1991), UGS and their network were an important
part of spatial planning. At the beginning of the post-Soviet time (1990′s), many UGS
were neglected, which is linked to the economic and political changes and instability. The
administrative reform of 2012 resulted in a doubling of the urban area. Due to city limits,
expansion arable lands occupy now the second place by size (12.43%). When comparing
“Old” Moscow with the “New” Moscow, the total share of UGS is almost three times higher
in New Moscow (75%) than in the “Old” part (28%). Moscow is an exceptional case of a
European city where both inherited features of central planning from the Soviet time and
modern methods of greening were integrated.

With 14 square meters of green spaces per capita, Moscow could be considered a city
with a well-developed green infrastructure. The city includes the following types of UGS:
(1) remnants of native vegetation (recreational forest and forest parks are the biggest UGS
type making up 33% of the total area), (2) historical gardens and parks as the monuments
of landscape architecture, (3) public district and local community parks and green spaces
within local neighborhoods (residential block of houses), (4) green plazas and boulevards in
neighborhoods, (5) alley and street green in all parts of the city, (6) rain gardens, swales, and
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other bioretention facilities to manage stormwater and rainwater run-off by planting native
flora into depressions or channels; (7) natural and designed bogs in the nature parks and
the residential districts, (8) rivers and canals as public waterways for recreational purposes,
(9) ponds and creeks for recreational purposes, (10) specific blue spaces—artificially created
water reservoirs that are used for recreational purposes. A great number of public parks
and residential green spaces was established in the Soviet era. Moscow has an extensive
forest-park zone for short-term recreational use based on native forests but containing
planned and designed elements. Usually, natural forests in Moscow are part of specially
designed nature-protected areas. The dominant protected areas in Moscow are natural and
historical parks (10 parks in total) [33].

Figure 2. Study area.

2.2. Social Survey: Data Collection and Processing

Data on Moscow residents’ perceptions of the personal impact of COVID-19-related
restrictions and values of UGS was received via an online survey. An online survey
tool Survio (survio.com (accessed on 20 May 2020)) was used to provide a fixed item,
anonymous questionnaire. The questionnaire was composed of 25 questions written in the
respective local language (Russian).

The survey focused on the use of UGS and their value augmented during and after
the first wave of the COVID-19 in Moscow. The questionnaire was active from May to
July 2020.

The general components of the questionnaire were composed according to the fol-
lowing logic. The first step was related to the area of residence (to confirm the study
area—Moscow city) of the respondent and the duration of lockdown (number of days that
the respondent spent at home). The second part of the questionnaire rated the subjective
values assigned to UGS using multiple-choice questions with options that were derived
from the scholarly literature [36,37]. The importance of UGS for mental and physical well-
being was assessed using six-point Likert scale questions (from very unimportant to very
important and additional options for answering “I don’t know”). The third component
included the subjective assessment of perceived impacts on daily routines and personal
wellbeing of COVID-19 related restrictions such as lockdown, social distancing, working
from home, and combining full-time remote (home) working and home schooling of chil-
dren. In the fourth step, self-reported impacts of COVID-19 restrictions on access to UGS
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were examined. Three questions asked respondents to indicate from a list of options how
frequently they accessed UGS before, during, and after COVID-19 restrictions respectively.
The fifth step was to find out the abundance and quality of UGS in the respondents’ local
neighborhoods. A filter question with three options (agree, disagree, and don’t know) was
used to assess the sufficiency of UGS. Then, subsequent question requested the respon-
dent’s preferred additional UGS types by selecting options from a list (including “nothing”
and “other”) [38,39]. The final part consisted of demographic questions such as gender, age,
level of education, current occupation, resident postcode, dwelling type, and the number
of people living in the household. The survey template can be found in Questionnaire S1 of
Supplementary Material.

To recruit participants, a targeted advertisement was created on the Vkontakte social
network (vk.com (accessed on 20 May 2020)). Vkontakte is one of the most popular and
frequently used social networks in Russia. According to the data presented by the network
in 2020, 78% of Russian residents visit VKontakte at least once a month and 50% of residents
visit the social network at least once a day (https://vk.com/press/q2-2020-results (accessed
on 18 May 2022)). An important criterion is the representation of different groups of users
by age categories that is more differentiated than on Instagram or Facebook. The target
audience was limited only by the factor of residence in the Moscow agglomeration. This
was important to ensure the participation in the survey of people with different socio-
demographic characteristics, views, and life experiences. In total, 119,385 people have
seen the advertisement, 988 of them visited the entry page of the survey, and 280 of them
completed the survey. After reviewing the results, 59 respondents were excluded as they
were not from Moscow. The final sample included 216 respondents.

Analysis of the data was conducted using the SPSS software (IBM SPSS v24). This
analysis included descriptive statistics, χ2 test and nonparametric tests (such as Mann–
Whitney U and Kruskal–Wallis tests) for ordinal data.

2.3. Non-Participatory Observations and Photo-Documentation

In order to supplement the data on visitation and use of UGS, non-participatory obser-
vations and photo-documentation were conducted following the approach of Clark et al. [40]
providing observational techniques for exploring the use of UGS by different social and
activity groups. Non-participatory observation methods are widely used by experts to
capture and assess human/local visitors’ behavior without taking an active part in the
situation under scrutiny [21,40–42]. During the observations, different types of UGS (public
parks, gardens, urban forests, and small UGS such as playgrounds, alleys, boulevards,
sport facilities, and front- and backyards of multi-story housing complexes) were visited
randomly at different times of the day (between 09:00 and 19:00) in working days and
weekends in two weeks in July 2019 and July 2020 (during COVID-19 lockdowns most of
them were closed) to survey the types of visitors’ activities that took place in these UGS.
In total, five big urban parks and two forest-parks (Zaryadye, Gorky Park, Neskuchny
Sad, Sokolniki, Bitzevsky Park, Timiryasevsky park, Kolomenskoe Park, Park VDNKh of
All-Russian Exhibition Center) as well as selected alleys, boulevards, front- and backyards,
sport facilities, and playgrounds of several housing complexes from different districts of
Moscow were visited randomly.

The observers selected an observation point with a clear view of the entire place
(where possible) in each UGS or selected several points in the big parts according to the
functional zones of the parks and recorded all activities taking place in the spaces during
observation hours using special fieldwork protocols.

2.4. GIS Mapping

Since the Survio service does not allow geotagging, we geo-located the respondents
according to their postal codes. Moreover, some respondents have indicated their full home
address within the questionnaire. We assigned the geospatial coordinates of the house in
case the address has been provided. Otherwise, we assigned the coordinates of the postal
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office with the mentioned postal code to each questionnaire. The geo-coding was performed
using python 9.3. The number of respondents that indicated their postal code/address was
147 out of 216. For each geo-coded point, we have extracted spatial data representing the
environmental conditions/quality of the surroundings. These spatial data were averaged
within the regular hexagonal grid (size ~ 48 ha) to better characterize the surrounding area.
These spatial data include: availability of UGS (green stands, lawns, shrublands) per capita
(m2 pers−1), the total area of parks/maintained UGS, nearest distance to parks, averaged
land surface temperature, urban heat stress index, the proportion of the sealed area.

Spatial distribution of UGS/sealed surface was retrieved from satellite data. Land and
cover classes were identified based on the mosaic of cloud-free Sentinel-2A MSI (level 2A),
and optical satellite images were taken on 6 June 2019, available at ESA Copernicus Scientific
Data Hub. The image pre-processing included resampling to 10-m spatial resolution of
10 bands with initial 10 and 20 m spatial resolution and mosaicking. The stepwise sub-
pixel and per-pixel classification was performed to classify the surface into the following
land cover classes: water, sealed areas, bare soil, lawns/grasslands, trees, and shrubs
based on spectral signatures of these classes. The pre-processing and classification were
performed within the Google Earth Engine cloud computing platform [43]. The population
data were parsed from the open data portal of the Department of Housing and Utilities.
The vector park contours were downloaded from the open data portal of the Moscow
government (www.data.mos.ru (accessed on 15 April 2022)). The land surface temperature
was calculated based on the mosaic of Landsat-8 (thermal infrared sensor, TIRS) satellite
data (taken 6 July 2021). The spatial analysis was performed in the python 3.9 environment.
Urban heat stress index was based on the physical equivalent temperatures [44,45] derived
from the air temperature simulation by the COSMO-CLM model. The model was calibrated
for the Moscow city environment [46,47] and projected heat stress for July 2010 (one of
the hottest months in history of meteorological monitoring in Moscow) with 500 m spatial
resolution [48].

2.5. Expert Interviews with Different Stakeholders

In addition to the questionnaire survey, which reflects the perspectives and opinions
of citizens in general, the semi-structured interviews with the experts were conducted
to allow a deeper exploration of specific aspects derived from the survey. In particular,
the interviews aimed to reveal what are the main implications for urban planning and
development resulting from the COVID-19. The interviews were also intended to explore
specific urban planning strategies to address the current needs of citizens and issues of
urban sustainability, resilience, and human-environmental interactions adapted to the new
reality (post-COVID time). In the search for experts, the main selection criterion was a
thorough knowledge of urban development, planning and environmental policy as well as
practical implementation of greening projects in present and in the recent past. Using the
snowball technique, 13 expert interviews were conducted (both face-to-face and online)
with different stakeholders of Moscow in January–March 2022. From the experts who
participated in the study, three experts were from public authority and decision making,
four from academia and research institution, three from landscape design and architecture,
and three from NGO and citizen groups. The interviews with experts ranged from 19
to 56 min, were recorded using a digital device and further transcribed; the process of
manual inductive coding was applied. The experts according to Meuser and Nagel [49]
were persons possessing institutionalized authority and knowledge with the potential of
conditioning the actions of others in a meaningful way. Therefore, expert interviews facili-
tate gaining insights and context knowledge central to the research questions that cannot
be deduced from other methodical approaches. A group of stakeholders (experts) was pre-
sented by representatives from public authorities and decision-makers (city administration,
city planners), universities and research institutions (scientists), practitioners (architects
and landscape architects), and civil society groups/organizations (representatives from
NGOs, urban communities, volunteers).
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In our interviews, we asked the experts to provide their perspectives on the following
questions:

(a) what are the main lessons from the city’s responses to COVID-19 regarding the
development of the city and the change in the lifestyle of citizens?

(b) how COVID-19 pandemic influences the design and development of urban spaces in
Moscow in general and regarding UGS and human-nature interactions?

The obtained data were analyzed to reveal the main tendencies in the adaptation of
urban development plans regarding the use of UGS and to formulate the proposals for
UGS management strategies.

3. Results

3.1. Impacts of COVID-19 on the Population (Citizens) Based on a Questionnaire Survey and
Non-Participatory Observations
3.1.1. Respondents’ Characteristics

The demographic characteristics of the survey respondents are presented in Table 1.
The sample was dominated by women (73.0% vs. 27.0%). The age range distribution was
characterized by two dominant categories 21–30 years old and 31–40 years old. The majority
of respondents (80%) had a university diploma or higher obtained level of education. More
than 40% were full-time employed. This was the dominant category along with studying at
university (19.7%) and part-time employed (13.8%). More frequently, Moscow dwellers
lived in a flat, apartment, or townhouse (81.4%). The prevalent number of families had no
children and lived in the respondent household—63.9%.

Table 1. Demographic characteristic of respondents (n = 216 Moscow citizen).

Characteristics Share of Respondents

Gender
27%—male

73%—female

Age

10.6%—less than 20 years old
31.9%—21–30 years old
26.4%—31–40 years old
12.0%—41–50 years old
10.2%—51–60 years old

8.8%—more than 60 years old

Highest obtained level of education

9.3%—School diploma
6.5%—Secondary special education

67.6%—University graduation (BSc., MSc., diploma)
13.4%—Post-university graduation (PhD., Dr., or similar)

3.2%—Other

Type of housing
13.9%—House

81.4%—Flat/Apartment
4.7%—Other

Current employment status

40.5%—Full time employed
13.8%—Part time employed
5.9%—Casual employment

4.5%—Stay at home (home duties)
3.7%—On parental leave

4.8%—Unemployed
2.2%—Temporarily laid off due to COVID-19

19.7%—Student
4.8%—Retired
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Table 1. Cont.

Characteristics Share of Respondents

Living/family circumstances

63.9%—Family without children
15.5%—Family with 0–6-year-old children
12.9%—Family with 7–12-year-old children
7.7%—Family with 13–17-year-old children

3.1.2. Impact of COVID-19 on Moscow Residents

The first wave of COVID-19 related restrictions in Moscow started on 26 March
2020. There were some measures in the first month of the pandemic where playgrounds,
restaurants and cafes, and sports infrastructure were closed, universities were switched to
remote mode, and social distancing and self-isolation for aged people were recommended.
Self-isolation mode was prolonged until June 2020. However, in April and May, the
measures in Moscow became stricter, including not only the closure of 55 public parks
and banning UGS visits but a full lockdown for 1.5 months (Figure 3). The self-isolation
regime (home quarantine) in Moscow lasted from 30 March to 9 June 2020. There were
few exceptions to the restrictions that allowed going outside, for example, a necessity to be
at the workplace, shopping at the nearest food store or pharmacy, walking pets within a
distance of 100 m from the place of residence, taking out the garbage, seeking emergency
medical help, or a direct threat to life and health. From 12 May 2020, wearing protective
masks and gloves was mandatory in public transport and other public places. The majority
of respondents answered that COVID-19 restriction measures such as lockdowns and
working from home have not influenced their wellbeing: lockdowns (43.1%), working from
home (44.4%) (Figure 4a). A slightly negative impact was identified in the case of social
distancing (37.5%). At the same time, the impact of combining full-time remote (home)
working and home schooling of children was statistically significant for families with
0–6-year-old children (χ2 = 18.795, p = 0.002) and with 7–12-year-old children (χ2 = 28.282,
p = 0.000), while for families with 13–17-year-old children it was not (χ2 = 1.969, p = 0.853).
For families with 0–6-year-old children, the impact of combining full-time remote (home)
working and home schooling of children has two dominant categories: slightly negative
(39.4%) and neutral (39.4%) (Figure 4b). For families with 7–12-year-old children, the most
frequent answers were the same, but about a quarter of respondents (24.1%) defined the
impact of COVID-19 restrictions as very negative.

Figure 3. Cont.
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Figure 3. Closure of many parks and public spaces in Moscow (first line) and neighbourhood UGS
(playgrounds, second line) due to COVID-19 restrictions, March–May 2020 (signboards indicating
prohibiting visits to parks and playgrounds): Park Zaryadye (top left), Park VDNKh (top right),
playgrounds in the multi-story housing complexes in the southern district of Moscow (bottom

images). Photos: E. Kosenkov.

Figure 4. Impact on respondent’s personal wellbeing of COVID-19 restrictions: (a) Lockdowns
(n = 216), Social distancing (n = 216), and working from home (n = 216) and (b) combining full-time
remote (home) working with home schooling of children (n = 171).
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The situation with the impact of COVID-19 restrictions on daily routines was different.
In the case of lockdowns, it was assessed as more negative, 42.6% of respondents called the
impact slightly negative (Figure 5a). Social distancing on the contrary was identified as not
so negative for daily life: neutral for 37.5% of respondents and slightly negative for 30.1%.
The impact of working from home was in total more positive for 38.0% of respondents
(slightly positive for 21.8% and very positive for 16.2%) or neutral for 34.7% of respondents.
For families with 0–6-year-old children (χ2 = 22.735, p = 0.000) and with 7–12-year-old chil-
dren (χ2 = 22.653, p = 0.000) the impact of combining full-time remote (home) working and
home schooling (standing) of children was a real challenge. The majority of the respondents
(50.0% and 36.7% respectively) assessed it as slightly negative and 20% of respondents
with 7–12-year-old children have chosen the “very negative” category (Figure 5b). At the
same time, for more than half (64.7%) of families with 13–17-year-old children it was not
statistically significant (χ2 = 4.411, p = 0.492), and they have not seen any changes.

Figure 5. Impact on respondent’s daily routings of COVID-19 restrictions: (a) Lockdowns (n = 216),
Social distancing (n = 216), and working from home (n = 216) and (b) combining full-time remote
(home) working with home schooling of children (n = 171).

There was not a significant difference in activities that helped to cope with COVID
restrictions. They were depending on the respondents’ age: I take a walk (if it is allowed)
(χ2 = 4.569, p = 0.471); I do some outdoor physical/mental exercises (χ2 = 3.406, p = 0.638); I
do some physical/mental exercises at home (χ2 = 1.375, p = 0.927); I am connected with
the world via Internet (χ2 = 3.554, p = 0.615); I have developed/undertaken activity which
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helps me to reduce stress (χ2 = 4.794, p = 0.442); Other (χ2 = 2.530, p = 0.772). For two
age categories (31–40 years old and 41–50 years old) the most frequently selected activity
to cope with COVID-19 restrictions was taking a walk (33.0% and 29.3% respectively)
(Table 2). For other age groups including respondents younger than 30 and older than 50,
the dominant activity was doing indoor physical or mental exercises.

Table 2. Activities to cope with COVID restrictions according to the age of respondents (n = 216).

Activities
<20

Years Old
21–30

Years Old
31–40

Years Old
41–50

Years Old
21–60

Years Old
>60

Years Old

I take a walk (if it is allowed) 28.2% 28.7% 33.0% 29.3% 28.9% 24.1%
I do some outdoor physical/mental exercises 7.7% 7.0% 5.7% 7.3% 2.6% 0.0%
I do some physical/mental exercises at home 30.8% 33.9% 26.4% 29.3% 31.6% 37.9%
I am connected with the world via Internet 17.9% 13.0% 18.9% 14.6% 23.7% 20.7%
I ‘ve developed/undertaken activity which help
me to reduce stress 10.3% 9.6% 11.3% 9.8% 5.3% 3.4%

Other 5.1% 7.8% 4.7% 9.8% 7.9% 13.8%

3.1.3. Importance of Contact with Nature for Physical and Mental Well-Being

All respondents highly valued UGS for physical and mental well-being. The impor-
tance of contact with nature was not dependent on age group. Mental health and well-being
(χ2 = 25.311, p = 0.445) noted at least by 70% of the respondents (Figure 6a) and physical
health and well-being (χ2 = 17.439, p = 0.865) at least by 56% of the respondents (Figure 6b).
At the same time, there is a tendency: the older the respondents, the more positive answers
(related to the importance of nature) they choose. Participants from age groups of 51–60
and 60+ assessed the role of UGS exclusively positively, especially for mental health and
well-being (73.7% of 60 + years old and 81.8% of age group 51–60 years old). Among the
younger groups of respondents, the variability of the chosen answers increases. However,
the total absence of impact (“Not at all important” category) is noted only by 1.4–4.3% of
respondents younger than 40, and an insignificant impact (“Slightly important” category)
by 3.5–13.0% of respondents of the same age.

Figure 6. Cont.
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Figure 6. Importance of UGS for (a) mental health and well-being (n = 216) and (b) physical health
and well-being (n = 216) according to subjective views of different age groups.

An analysis of responses on the value of nature showed that, depending on age, the
results associated with social activity. “Meet other people” (friends, relatives, or simply
to feel social inclusion) is statistically significant (χ2 = 23.505, p = 0.000); “Have fun”
(χ2 = 19.861, p = 0.001). Additionally, the variable “Spend time with family and visiting
playgrounds” is statistically significant and it is not only dependent on an age group
(χ2 = 12.904, p = 0.024), but also family status—having children (U = 3315, p = 0.000).
Among perceived personal benefits of UGS use (Figures 7–10), the majority of respondents
(12.3–16.8%) in all age groups named “breathe fresh air” (Table 3). The most frequently
selected benefits are also “mental health benefits (to reduce stress etc.)” (12.2–12.8%),
“enjoy scenic beauty” (11.3–13.6%), and “a place to relax and unwind” (11.1–14.4%). These
categories did not depend on the age group of the respondents and rather expressed the
unity of views of Moscow residents on UGS and their benefits for people.

Table 3. Perceived personal benefits of UGS by Moscow residents of different ages (n = 216).

Values to Be in Nature/
Urban Green Space

<20
Years Old

21–30
Years Old

31–40
Years Old

41–50
Years Old

21–60
Years Old

>60
Years Old

A place for physical exercise (jogging,
running, etc.) 8.2% 8.4% 9.6% 7.2% 10.4% 11.2%

Breath fresh air 12.3% 14.9% 15.0% 16.8% 16.5% 16.3%
Sun bathing 4.1% 4.6% 5.4% 3.2% 6.1% 6.1%
Mental health benefits (to reduce stress etc.) 12.3% 12.2% 12.6% 12.8% 12.2% 12.2%
A place to relax 11.6% 11.9% 11.1% 14.4% 12.2% 14.3%
A safe place to be 4.8% 4.8% 4.2% 4.0% 5.2% 6.1%
Spend time with family and visiting playgrounds 2.1% 2.0% 5.7% 7.2% 3.5% 6.1%
Meet other people (friends, relatives, or simply to
feel social inclusion) 9.6% 4.8% 3.3% 1.6% 4.3% 2.0%

Escape from the urban environment 8.9% 9.1% 8.7% 8.8% 7.8% 4.1%
Connect with nature 6.8% 9.6% 9.9% 8.8% 9.6% 8.2%
Have fun 6.8% 4.6% 2.4% 1.6% 0.9% 1.0%
Enjoy scenic beauty 12.3% 13.2% 12.3% 13.6% 11.3% 12.2%
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Figure 7. UGS use for breathing fresh air, relaxing, and escaping from the crowded city (Photos: D.
Dushkova, A. Konstantinova).

Figure 8. UGS for spending time with family and children (Photos: D. Dushkova).

Figure 9. UGS as a space for physical exercises and outdoor sport activities (Photos: D. Dushkova).

Figure 10. UGS for socializing (meeting other people) (Photos: D. Dushkova).

3.1.4. Changes in UGS Visitation

The change in UGS visitation before and during the pandemic was especially evident
due to the strong lockdown and restriction of park visits and the use of playgrounds and
sport facilities (Figures 11 and 12). Almost 30% of respondents have never visited UGS
during the lockdown and 12.5% visited less than once per month (Figure 13). At the same
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time, some Moscow residents retained the frequency of visits despite the limitations; for
example, 23.1% visited UGS a few times per week. After the pandemic, an increase in the
number of everyday visits and a few times per week visits (almost 7%) was identified. It
was higher than in the pre-pandemic period. Such visits to UGS respect hygienic norms
and rules for social distance (Figure 14).

Figure 11. Closure of urban parks due to COVID-19 restrictions.

Figure 12. COVID-19 restrictions for use of playgrounds and sport facilities.
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Figure 13. Frequency of UGS visits before, during, and after the COVID-19 restrictions (n = 216).

Figure 14. Social distancing (signboards indicating respect for social distancing of no less than 1.5 m)
in Zaryadye park (first line) and Kolomenskoe Park of Moscow (second line). Photos: D. Dushkova,
A.Konstantinova.

3.1.5. UGS Demand, Quality, and Preferences

In Moscow, the demand for UGS can be rated as rather high. More than 65% of
respondents agreed that the city needs more UGS (Figure 15). At the same time, 47.2%
assessed the quality of existing UGS as inadequate, and 15.3% could not assess UGS at all.
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Figure 15. Demand for UGS (n = 216) and its quality (n = 216) according to Moscow residents’
opinion.

Regarding the current needs for additional types of UGS, statistical significance was
noted for children’s playgrounds. The data is depending on the presence of children
in the family (U = 4261, p = 0.000) and especially in families with 0–6-year-old children
(χ2 = 16.538, p = 0.000). For families with 7–12-year-old children, pocket parks and small
gardens/squares for silent recreation are more desirable types of UGS (χ2 = 4.633, p = 0.031).
Otherwise, the dependencies are not determined. Most respondents made their choice in
favor of greening in their neighborhood or district (Table 4). The most frequently selected
types of UGS were “Green front- and backyards” (10.8–14.8% depending on the family
type), “More green spaces near your house (trees, shrubs, etc.)” (one of the most popular
answers for families with 0–6-year-old children–12.2%), “More pocket parks and small
gardens/squares for silent recreation” (11.7–14.8%). At the same time, more street greening
was indicated as the most desired measure (11.5–16.7%). Another frequently selected
measure by respondents was to transform vacant lots and brownfields near their houses
into more designed and managed green spaces.

Table 4. Additional required types of UGS mentioned by respondents (n = 216).

Types of Green Spaces
Family with 0–6

Year Old Children
Family with 7–12

Year Old Children
Family with 13–17
Year Old Children

Family without
Children

Green front- and backyards 10.8% 12.2% 14.8% 12.2%
More green spaces near my house (trees,
shrubs, etc.) 12.2% 7.8% 7.4% 11.3%

More playgrounds for children 7.9% 4.3% 3.7% 2.4%
More green space for active recreation
(also with installation for physical
exercises)

3.6% 7.0% 7.4% 6.6%

More public parks 10.8% 8.7% 7.4% 11.3%
More street greening 11.5% 13.0% 16.7% 13.3%
More community gardens 9.4% 9.6% 11.1% 11.1%
More school and kindergarten green
spaces 8.6% 9.6% 5.6% 7.7%

More pocket parks and small
gardens/squares for silent recreation 12.2% 14.8% 13.0% 11.7%

To transform vacant lots and brownfields
which we have near our house 11.5% 11.3% 11.1% 9.7%

Other 1.4% 1.7% 1.9% 2.7%
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3.2. UGS Provision (Availability and Assessibility of UGS) in Moscow Based on GIS Mapping

UGS cover more than half of the Moscow city area, whereas 38% of the city is sealed.
The percentage of green spaces is comparable to such cities as Rostov-on-Don [50], Mi-
lan [51], and Madrid [52], but it is less than in Berlin [53]. The major part of the sealed areas
is concentrated in the central and eastern parts of the city, which were historically occupied
by industrial areas, whereas the north-west and south parts are sealed by less than 25%
and considered more environmentally friendly and comfortable for life. Respondents live
in areas that are 9.7–72.5% sealed (median ± sd = 41.6 ± 14.1%) (Figure 16). The level of
soil sealing did not have a particular effect on the presence (n = 16) or absence (n = 131) of
outside sport activity during lockdown (paired t-test, p-value = 0.614). Respondents that
indicated the outside sport activity in their everyday life live closer to parks (181 m on
average compared to those who do not—288 m, p = 0.05). Similarly, the permeable surfaces
in the neighbourhoods have not affected answering positively (n = 54) or negatively (n = 71)
concerning the demand for new UGS during the lockdown (paired t-test, p-value = 0.21).
Respondents that indicated the need for additional UGS live closer to parks (190 m, n = 36)
than those who answered negatively (278 m, n = 100), p < 0.05. Herewith, the overall UGS
area in the surroundings did not affect answers of respondents. The nearest distance to
parks had a minor influence on how often respondents visited these parks (Figure 17).
Almost 90% of the respondents had a green space of at least 2 ha within 8 min walking
distance. This fact indicates the high accessibility of green spaces in Moscow.

The availability of UGS in the central part of the city is lower compared to the sub-
urbs and as a rule, it is below 50 m2 per capita, which is considered in a health thresh-
old/guideline for Moscow [54,55]. The highest availability of UGS was reported for New
Moscow, south-western and north-eastern suburbs, where the close proximity to urban
forests (e.g., Elk Island or Bitsevsky Forest) resulted in values of availability of UGS above
500 m2 per capita. The availability of UGS (m2 per capita) as well as its different compo-
nents (trees/shrublands/lawns) did not influence how respondents indicate their potential
needs for additional UGS (p > 0.05).

The locations of all respondents were within the highly urbanized area. Therefore,
there was a little difference between extracted heat stress index and satellite-based land
surface temperatures. There were no statistically significant effects of these hydrometeoro-
logical parameters on the willingness to go outside during the lockdown or the indicated
need for additional UGS.

Although the availability and accessibility of UGS are widely accepted as indicators
of the quality of life in cities. The composition and patchiness of UGS in Moscow are also
highly important. For example, green spaces in the central area were dominated by small
(less than 10 ha) parks with the vegetation composed mainly of lawns and shrubs with
less than 30% covered by trees. Such green spaces are less beneficial for climate regulation
compared to the larger patches dominated by tree stands [46–48]. It is clearly visible from
the heat stress map, where the highest temperatures were shown for the city’s centre,
whereas the areas close to urban forests did not experience heat stress.
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Figure 16. Location of survey respondents (top left), UGS availability (top right), and the heat stress
index (bottom left) in Moscow.
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Figure 17. UGS visitation by survey respondents (1—every day, 2—> once a week, 3—several times
in a month, 4—once a month, 5—< once a month, 6—never).

3.3. Needs for UGS and COVID-Related Adaptation of Urban Planning and Design in General
and in Regard to UGS Based on Expert Interviews

All of the interviewees stated that the COVID-19 pandemic has become a kind of
the point of no return for previous unsuccessful urban development and urban life: it
has exposed all existing problems such as climate change or social inequality and has
accelerated the negative transformations that started before the coronavirus. The COVID-
19 pandemic challenged the system “work–home–rest” and narrowed it down to the home
office and home school with limited access to outdoor facilities for rest and relaxation. This
negatively impacted human health and well-being, e.g., through the increase in computer
visual syndrome and stress due to social isolation as well as through a decrease in contact
with nature and outdoor activities.

Like many other megacities, Moscow is a complex system that attracts many people,
with well-developed economic and social infrastructure, rich cultural life, and job opportu-
nities. At the same time, as stated by the scientists and academia, due to the high density
of population, city life is characterized by close contacts, which are perceived as the main
risk in the context of the spread of the COVID-19 pandemic, and pronounced inequality.
With the closure of cities and quarantines, only the necessary items that support livelihood
remain (food, medicine, and transportation).

Both these aspects—narrowing of spatial configuration of the system “work–home-
rest” and appearance of virtual working/schooling modes along with the perceived risk of
high spread of COVID-19 infection—resulted in the deurbanization process:

“The megacity, so attractive as a center of growth and development, with a diversity of
services and movement, increasing density of population, communications and building
development, is now losing its former universality. In the months of self-isolation,
there was a tendency for an “escape” from big cities to nature” (from interviews with
practitioners: architects and landscape architects).

These two identified problems revealed the need to re-organize public spaces in order
to ensure social distancing and provide an alternative option for contact with nature when
the most parks, street alleys, playgrounds, and outdoor sport facilities in Moscow were
closed (period of March–June 2020) as a measure to stop the spread of the COVID-19
pandemic.
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Most of the experts highlighted that Moscow had several “preventive” measures which
helped to react fast. The already existing strategy (e.g., State and City programs for improve-
ment of streets and public spaces, back- and courtyards in housing complexes, multifunctional
greening projects) helped to better adapt to the new COVID-19 circumstances.

However, deurbanization was not a new phenomenon: “the since centuries existing
tradition to go to summer cottages (“dachas”) outside the city boundaries allows to escape from the
city” and “to have contact with nature as another measure to cope with the COVID-19” (from
interviews with public authorities and decision-makers, practitioners, and scientists). Multi-
story housing areas (both as a legacy from the Soviet period and newly built complexes)
also played an important role in mitigation and adaptation to the COVID-19 circumstances:
“ . . . people in such housing complexes feel more comfortable than in the city center because they
have a back- or courtyards, the area is already landscaped and green according to new standards
providing three times more green space per capita than in the central districts” (from interviews
with public authorities and decision-makers and NGOs).

Below, we summarized the main lessons learned from the city’s responses to COVID-
19 related to urban sustainability and resilience and how the urban fabric of Moscow could
be improved:

• during the pandemic, the number of people involved in outdoor sports activities has
greatly increased since it was an alternative to many rest activities while other indoor
spaces were closed;

• COVID-19 reveals the importance of nature in coping with the problems related to
physical and mental health;

• there is a need to create more outdoor recreation spaces which support healthy
lifestyles and contact with nature;

• UGS should be inclusive to consider the needs of different population groups, pro-
viding safe, attractive, and comfortable conditions by respecting the rules of the
post-COVID period.

All above mentioned have defined that public spaces in the city and UGS should not
only be re-organized but also apply a new ideology, which includes updating the concept
and design of urban open spaces in terms of their multifunctionality, new aesthetical,
architectural, and landscape architecture potentials (from interviews with practitioners,
scientists and NGOs):

“UGS and parks should have an ideology–these are places that can promote and sup-
port a healthy lifestyle and ensure that people feel well there” (from interviews with
scientists).

Urban nature is perceived to provide two main values—social and environmental:
“different types of green support different sustainability aspects: parks and public spaces-for recre-
ation, the natural areas for nature conservation” (from interviews with scientists). All UGS
have a big influence on the quality of life in the city. They shape urban living spaces. Here,
smart and inclusive urban planning plays an essential role: “ . . . any intervention, even
decorative, should address environmental issues and needs of end-users” (from interviews with
practitioners, scientists and NGOs).

The interviews also unlocked the interesting aspect of city greening strategy: indoor
greening as a new trend (greening homes due to limited access to parks and corporate
landscaping to domesticate the workplace):

“We have experienced a boom of indoor greening during the COVID-19–it started with
greening homes as a measure of limited access to parks and continued as a corporate land-
scaping in order to domesticate the workplace”. “As was stated by many online markets,
with the pandemic the interests of citizens in potted plants grew to 50% (comparing to
the year before)” (from interviews with practitioners).

According to the data from several landscape design studios in Moscow, the demand
for planting designers to decorate the large indoor spaces such as shopping malls and
business centers, offices and coworking spaces have increased.
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“In Moscow which has experienced severe lockdown, balconies and terraces have become
places for public meetings and also seen as private green islands” (from interviews with
NGOs).

The analysis of expert interviews enables us to reveal the influence of the pandemic
on the general design and development of UGS in Moscow and on the character of human-
nature interactions:

• various multifunctional greening and site improvement measures for the post-pandemic
time are now planned:

“The list of greening, landscaping and site improvement measures for the post-pandemic
time (from 2022 onwards) is very ambitious: there are dozens of new parks, more than
2000 courtyards, more than 320 school and kindergarten green areas” (from interviews
with public authorities and decision-makers);

• further integration of UGS into the urban green infrastructure as one integrated
urban network of interconnected green areas as premises for better connectiveness,
accessibility and availability of UGS:

“The parks, forests, gardens, and other green spaces in the city cannot exist autonomously;
they must be competently integrated into the united interconnected urban network. An
important task that Moscow now faces is to form an interconnected park framework of the
city with green corridors which would allow citizens to move from one park to another”
(from interviews with scientists);

• better accessibility of UGS:

“COVID-19 pandemic underlines the need for adaptation of 15-min-city-concept in
Moscow with its high population density and a special urban structure connected with
geological and environmental features” (from interviews with practitioners);

“pedestrian accessibility of public spaces is important, and this should be considered in
designing urban space” (from interviews with NGOs);

• ensuring social distance in UGS while enabling social partnership:

“We now must maintain social distancing also in outdoor public spaces such as parks
which role as the social institute was highly recognized, where people not only get in
contact with nature but also socialize and get close to each other” (from interviews with
public authorities and decision-makers);

“Pandemic influenced the design of the urban environment” ordering landscape plan-
ners and architects to develop “public space interventions in preparation for post-
lockdown urban life” (from interviews with practitioners);

“Moscow has a big number of large UGS such as urban forests and forest-parks
which seem to be the safest places in the city due to the possibility of social
distancing”, “ . . . but also many public parks actually are redesigned to be adapted to
the time of social distancing” (from interviews with scientists).

4. Discussion

4.1. Impact of COVID-19 on Citizens’ Life and Well-Being and Developed Coping Strategies

Multiple studies confirmed that the current crisis has demonstrated the decisive,
potentially agile role of urban areas and especially UGS in the recovery after the pan-
demic [56–65]. Both the survey findings and results of expert interviews revealed several
impacts of the COVID-19 pandemic on urban development, urban life, and how the pan-
demic has accelerated the transformations that began before the coronavirus. First of
all, in Moscow like in many other cities in the world, the COVID-19 pandemic affected
ideas about spatial structures and the types of urban life; a spatial configuration of the
system “work–home–rest” was transformed into a home office and home schooling with
the limited access to outdoor facilities for rest. As result, several negative effects on human
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physical and mental health appeared, also linked to a decrease in social contacts, access
to nature, and outdoor activities. Secondly, the idea of a megacity as a center of economic
growth, well-developed social infrastructure, safety and prosperity started to lose its uni-
versality and attractiveness during the pandemic. It was replaced by the tendency for
an “escape” to nature and to the countryside. Due to the high density of population, the
city life is characterized by close human physical contact, which is perceived as the main
risk in the context of the spread of the COVID-19 pandemic, and pronounced inequality.
Thus, the transformation of spatial configuration of the system “work–home- rest” and
introducing of virtual working/schooling modes along with the perceived risk of high
spread of COVID-19 infection resulted in the deurbanization process when a big part of
the urban population actively used suburban and rural areas of Moscow for safe living
conditions. Both identified problems revealed the need to re-organize public spaces to
ensure social distancing and provide an alternative option for contact with nature when the
most parks, street alleys, playgrounds and outdoor sport facilities in Moscow were closed
(period of March–June 2020). The main implications of COVID-19 for current and future
urban planning, landscaping, and development of resilient solutions in Moscow can be
summarized as follows:

• COVID-19 reveals the importance of urban green not only for its ecological value
(air purification, creating comfortable living conditions) but also for providing social
benefits (contact with nature as a coping strategy to address the issues of physical and
mental health resulting from isolation and lockdown);

• It underlines the need to create more outdoor recreation spaces that support healthy
lifestyles and human-nature interactions (e.g., during the pandemic, the number of
people involved in outdoor sports activities has greatly increased since it was an
alternative to many rest activities while other indoor spaces were closed);

• UGS in the post-pandemic city should not only be re-organized but also adopt a new
philosophy, which includes updating the concept and design of urban open spaces in
terms of their multifunctionality, new aesthetic, architectural and landscape potentials,
and opportunities for inclusive urban planning and governance (active community
involvement). The recent studies [32,66,67] also underline that the involvement of
citizens with different backgrounds is needed in the process of policymaking and
practices of green area management in the post-COVID time. Some publications
confirmed that in many cities of the world community participation arises in the time
of crisis [66–68].

• New city greening strategy: indoor greening (greening homes due to limited access to
parks and corporate landscaping to domesticate the workplace).

Several studies highlighted the ecological value of urban nature and the role of UGS
not only for mitigating climate change but also for creating healthy living conditions
and post-COVID resilience. The cooling effect of UGS has been thoroughly described
and modeled [69,70], whereas the effect of UGS on air humidity is more complex. In
impervious surfaces (build-up areas, roads, etc.), infiltration is minimal, and a major part of
water outflow is performed by intensive evaporation and surface run-off following rainfall
events. Therefore, in a long-term perspective, the impervious surfaces do not increase air
humidity and provide an ecosystem disservice by strengthening urban heat islands [71]. In
contrast, UGS can mitigate urban heat island by decreasing air temperature and increasing
air humidity [72,73]. Based on the UGS spatial analysis, we can conclude that climate
regulation services are better supplied by the larger green areas in the suburbs, whereas
small green spaces in the central parts did not have a considerable effect on climate comfort
what also confirmed by [74]. Nevertheless, the social value of UGS of all sizes and types
was highlighted by both respondents and experts. They highlighted a range of benefits
such as contact with nature, outdoor activities, and socializing.
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4.2. UGS Availability and Use during and after COVID-19 Pandemic: Main Pathways and
Evidence of Changed Human-Nature Interactions

The research results show that citizens highly value urban nature. They underlined
a need for accessible UGS, most notably for breathing fresh air, reducing stress, relaxing,
and observing and enjoying nature. The survey also revealed the particular health effects
resulting from the reduction in UGS visitation due to COVID-19 restrictions and highlighted
the healing value of nature in coping with a crisis such as COVID-19. These findings are
also supported by several studies in different countries [56–58]. The reason is in the
multifunctionality and capacity of UGS to mitigate some of the negative effects of the
COVID-19 pandemic on human health and wellbeing.

Changes in human-nature interactions were also further investigated, analysed, and
interpreted. In general, our research results correspond with the main findings on pandemic
influence on the human-nature interactions revealed by Soga et al. [59]: (1) changes in
opportunity, (2) changes in capability, and (3) changes in motivation. These three tendencies
were adopted from the model of behavior developed by Michie et al. [75] where opportunity
concerns the factors that facilitate or make interaction with nature possible; capability refers
to individual’s psychological and physical capacity to engage in interactions with nature;
and motivation is understood as a person’s brain processes that energize and direct behavior
(motivation to interact with nature). Our identified changes in human-environmental
interactions include:

(1) in regard to opportunity: decreased availability of UGS. Many respondents during
the pandemic/closure of parks and outdoor facilities especially missed spending
time outdoors and meeting other people. That highlights the fact that while UGS
normally provides places for social integration and socializing, during the COVID-19
social isolation UGS was especially valued in regard to physical health and well-being
(self-recovery);

(2) in regard to capability: the findings indicate that the capacity to engage with nature is
strongly related to opportunity. For example, the closure of many UGS in Moscow
reduced the use of nature. That is linked to stress due to social isolation and lack
of socializing because public green spaces are highly valued as a place for social
interaction;

(3) in regard to motivation: both the survey and expert interviews confirmed increased
positive attitudes of citizens towards nature (increase in recreational activity after
the lockdown was ended), increased interest in outdoor physical activity and being
in nature as a measure for stress reduction, and decreased symptoms of depression
linked to promoting the healthy lifestyle.

Such increased motivation for physical activity may be a key driver for increasing UGS
use especially in the neighborhood with the walking distance to nearest UGS [29,31,34].
Such UGS often offer the only available alternative for recreation or socializing. Increased
use of neighborhood UGS contributes to improving human health and well-being which
is in line with other studies [26,35,59,61]. These studies reported that although people
worried about COVID-19 and its impacts, increased nature exposure was associated with
greater happiness, higher subjective wellbeing and life satisfaction. These conclusions are
in line with the findings of our survey.

The positive side of the pandemic isolation was the adoption of remote working
practice that has released free time for other activities. That promoted positive interactions
with nature during visiting natural environments in their neighborhood. This conclusion is
also in line with the findings of Soga et al. [59].

Our results also confirmed the idea of Uchiyama and Kohsaka [32] that environmental
contexts might influence the motivation of visiting UGS by providing scenery and an
opportunity to visit UGS next to the citizens’ residential spaces (availability of UGS).

The revealed changes in the frequency of UGS during COVID-19 lockdowns also
correspond with the findings of Berdejo-Espinola et al. [61] and Venter et al. [62], showing
that UGS were discovered by people during the pandemic (new park users) and rediscov-
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ered by other individuals (previous users, re-engaged and increased their use). Study of
Korpilo et al. [63] confirmed that patterns of UGS use were associated with the quality
of residential green areas. However, there is also evidence that some regular users de-
creased their visits to green spaces during the pandemic, which can be also explained by
the uncertainty of some UGS (outdoor safety) as proposed by Freeman and Eykelbosh [35].
According to their findings, the closure of parks, amenities, and green spaces restricts
opportunities for healthy outdoor activity and stress relief and may drive individuals to
access less suitable and more congested spaces.

However, along with these three pathways, our research also identified the additional
one—a response to COVID-19 that resulted in an impact on human-nature interaction
which can be defined as an adaptation measure. This pathway extends all three previous
ones (opportunity, capability, and motivation). The adaptation/coping strategy with
restrictions for use of outdoor UGS, lockdown and risk of infection included an increase
in deurbanization process (active use of summer cottages in suburban and rural areas of
Moscow) and indoor greening measures.

4.3. Main Lessons Learned from the City Responses to the COVID-19 and Adaptation of Urban
Development Strategy in Regard to Urban (Green) Planning and Design in Post-Pandemic Time

The analysis of the questionnaire survey and expert interviews as well as participatory
observations revealed the influence of COVID-19 on further urban development strategy
in Moscow, as well as design and ideology of urban open public space, including UGS.
Survey claimed that respondents have in general good accessibility and availability of UGS,
but the structure and quality of UGS do not fully correspond to their preferences and needs.
The site improvement measures were revealed from the interviews and non-participatory
observations which mostly correspond to the needs claimed by the survey respondents.
The plans are to create dozens of parks, 2000 courtyards and 320 school green areas. It
also corresponds with the current needs and additional types of UGS expressed by most
respondents (e.g., greening in their neighborhood or district: green front- and backyards,
more green spaces near home, more pocket parks and small gardens/squares for silent
recreation, more street greening and site improvement, e.g., vacant lots and brownfields).

The aspects of UGS provisions (better accessibility and availability of UGS) were
mentioned as one of the key directions in the urban green planning and design policies
(e.g., challenges for adaptation of 15-min-city-concept in Moscow with its high population
density and a special urban structure connected with geological and environmental features
and pedestrian accessibility of public spaces for different categories of citizens). Several
studies [76,77] have observed that the 15-20-min city is in line with concepts promoting
dimensions of proximity, emphasizing walkability and social interactions within cities. This
concept is becoming more acceptable and appropriate for the agenda of different global
western cities. However further research is needed to demonstrate how new concepts can
be replicated in other cities [78]. In the case of Moscow, one of the main tasks is to transform
and renovate existing infrastructures (without major restructuring) and to benefit from
bicycle lanes, parks, and greener spaces.

Moreover, the issue of social inclusion refers not only to the UGS use but also to
socially inclusive governance and management, which can be achieved through stronger
citizens’ involvement in urban planning and greening. Several studies confirmed that
public participation in urban and regional planning can increase the chance of the successful
implementation of new solutions [66–68,79,80]. The revealed difference between the post-
COVID and pre-COVID greening projects in Moscow has shown that stakeholders actively
applied a participatory approach and strong community involvement in the discussion of
the greening projects through different online tools (e.g., newly appeared program “Active
Citizen” to encourage citizens to participate in decision-making process).

As a response to climate change and other societal challenges reinforced by COVID-
19, eco-efficient urban infrastructure and an environmentally friendly approach to urban
development has been applied (e.g., replacement of asphalt in UGS, ecologically friendly
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pavements, using more environmentally friendly surfaces for sidewalks and roads; using
native species in flowerbeds and lawns to support wildlife habitats, reconstruction of UGS
in line with the original historical plans to preserve the identity of the place and historical
heritage, etc.). As in many other cities worldwide [80,81], in Moscow, several strategies are
developed and applied to further integrate UGS into the united urban green infrastructure
consisted of interconnected green areas, which may allow citizens to move from one park
to another. UGS nearby and contact with nature were crucial for mitigating the negative
impacts of COVID-19 on quality of life by providing safe space for activities together with
emotional and mental health benefits [81,82]. This issue underlines the need for further
development and maintenance of UGS. A big challenge of ensuring social distance in
UGS while enabling social partnership is addressed through implementing new design
elements and additional walking routes and opportunities for interactions, underlining the
value of UGS not only for supporting human health and well-being but also as a place for
socializing.

5. Limitations and Future Research

Some limitations need to be addressed regarding this study’s development in future
research. The online survey method could not always provide the verified data on the
respondents. Sometimes surveys do not include enough residents from older age groups
and from lower educational levels [83]. That could misrepresent the sample. The sample
size in our study is relatively low for such a huge city like Moscow and is biased in relation
to gender, age and education level. It could be explained by the sampling method using
social network websites and targeting recruitment as well as the low level of activeness in
survey participation in Russia. Although the number of social media users is increasing
every year, the average user profile is biased in terms of age, education, and other demo-
graphic criteria [84]. Skewedness of data toward younger users has been also observed
in our study. We tried to obtain the data from people older than 50, but the sample was
skewed to people 20–40 years old.

Although we have found some statistical significance and dependence on some param-
eters of the sample such as age and presence of children in the family. Thus, we tried not to
draw conclusions according to these groups and presented the recommendations in a more
general way. We used a combination of methods (e.g., GIS mapping, expert interviews,
non-participatory observation, and photo-documentation) to limit possible errors of the
survey method, to verify and supplement the results obtained from the questionnaire.

Limitations of data collection/availability during COVID-19 restriction have meant
that the traditional way of non-participatory observation of UGS use in that time has been
limited to small-scale sampling (lower number due to sporadic observation) since many of
the public UGS were closed or had limited access. This cannot provide city-scale panoramic
analysis and delivers only sporadic results. However, it underlines the need for further
research to provide a comprehensive perspective for the public and decision-makers in the
field of urban greening and design.

Another limitation is the limited number of studies on human-nature interactions
during and after COVID-19 in megacities which, on one hand, does not allow us to pro-
vide a comprehensive comparative analysis, but on the other hand only reiterates the
relevance of the current study and necessity for further research. There is an increas-
ing number of studies presenting the results of surveys on outdoor recreation/UGS use
and nature’s contribution to human health and well-being in a pandemic situation, e.g.,
conducted in Oslo/Norway [62], Helsinki/Finland [63], Turku/Finland [82], Burling-
ton, Vermont/USA [31], cities of Belgium [57], Birjand, Iran [60]. They confirm the in-
crease in UGS usage and highlight that the perceived importance of UGS has also in-
creased during the pandemic. Still, very little is published about the situation in densely
populated cities/megacities such as Moscow, among them are insights from Nagoya
City/Japan [32], a comparative study between Moscow/Russia and Perth/Australia [33],
Brisbane/Australia [56], a survey from Asian cities of Hong Kong, Singapore, Tokyo, and
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Seoul [58], New York/USA [85]. A European survey by Ugolini et al. [2] conducted in Croa-
tia, Israel, Italy, Lithuania, Slovenia, and Spain, showed that in big cities, where outdoor
recreation was restricted by the governments, the majority of those who previously visited
urban green spaces regularly stopped doing so but expressed the need for UGS. Another
international study by Pouso et al. [26] revealed that contact with nature helped people
to cope with the impacts of COVID-19, especially for those under strict lockdown; and
emotions were more positive among individuals with accessible UGS and blue-green ele-
ments in their views. Different from the questionnaire survey approach, the study of Barton
et al. [29] conducted in New York, Barcelona, Berlin/Halle, Oslo, and Stockholm provides
local perspectives on the importance of access to green space using Google community
mobility statistics.

6. Conclusions

The study confirmed the role of urban nature as a critical urban infrastructure during
the COVID-19 pandemic providing opportunities for recreation, restoration, and escape
during the pandemic. The results of this study provide key insights for future resilient
urban planning and policy that can fulfill a wide range of physical and psychological
needs of citizens during a time of crisis and beyond. It was stated that urban planning and
management in general and in regard to urban greening should take a specific and adaptive
approach. The study in Moscow confirmed the value of implementing an approach that
addresses the diverse needs, activities, and preferences of citizens (and especially UGS
users). Our research demonstrated the impacts of COVID-19 on city development and
revealed the major lessons for urban planning, design, and management of UGS. Moreover,
the results presented and discussed in this paper may help to understand the importance
of urban nature and human-nature interactions to implement measures to enhance the
quality and quantity of UGS in Moscow. Given the complexity of UGS network, public
space, mobility, and access of citizens to basic services and UGS, it is now a crucial task
for planners, designers, and decision-makers to prioritize urban morphologies that are
better integrated with modern technology, public health, and nature in the city. Finally,
existing literature shows that the COVID-19 crisis provides an excellent opportunity for
urban planners and policymakers to address the challenge of transformative actions toward
creating cities that are more just, resilient, and sustainable [27–29,34,80,81].
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Abstract: The response of African countries immediately after the COVID-19 pandemic declaration
was rapid and appropriate, with low infections and mortality rates until June 2020. Severe lock-down
measures were effective in Africa; however, the reduction in the amount of natural experience influ-
ences the quality of life in modern society. This study is conducted as an international comparative
study in five African countries on changes in the perception of health recovery and outdoor activities
in urban forests during the COVID-19 pandemic. An online survey was conducted with 430 re-
spondents to investigate the relationships between COVID-19 stress, indoor activity, appreciation of
greenspaces, perception of health recovery, and use of greenspaces. A structural equation model was
used for analysis. The visit frequency and staying time in urban forests after lock-down dramatically
decreased, raising concerns about nature-deficit disorder across the target countries after the end
of the pandemic. This study confirmed urban dwellers’ desire for natural experiences and health
recovery during the pandemic and predicts an explosive increase in urban forest utilization after the
pandemic has ended.

Keywords: COVID-19 in Africa; lock-down; urban forests; health recovery; outdoor recreation

1. Introduction

As COVID-19 swept through the world, many observers predicted that African coun-
tries would experience a much more deadly epidemic than those in Europe and the United
States [1–3]. Because of insufficient hospital beds and fragile health systems, comorbidities
such as Ebola, human immunodeficiency virus (HIV), tuberculosis, malnutrition of the
young population, overcrowded living environments, etc., were expected to affect infection
and mortality negatively [4–6]. However, many African countries have unexpectedly main-
tained low morbidity and mortality rates through strong lock-down measures in the early
stages [1,5,7,8].

There were around 160,000 confirmed COVID-19 cases in Italy and 560,000 cases in
the United States in April 2020, compared with approximately 14,000 cases in the African
countries. [7].

Domestic and international travel restrictions, curfews, and the closing of offices,
schools, and jobs in response to infectious diseases in Africa have been in effect since the
days of Lassa Fever and Ebola before COVID-19. In particular, the Ebola virus, which
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started in Sierra Leone in March 2014 in Africa and was declared a pandemic in June by
the World Health Organization (WHO) is suspected of 28,616 probable and 11,310 deaths
in Guinea, Sierra Leone, and Liberia [9]. While an early response to COVID-19 prevented
foreign inflow and domestic transmission, the government had enough time to imple-
ment strategies such as preparing medical systems for diagnosis, the quarantine of goods,
contact tracing, and social distancing [10]. However, a weak health care system and insuffi-
cient medical equipment are still threats to combatting diseases in underdeveloped and
developing countries in Africa [4,10,11].

The African continent’s healthcare and hygiene sectors are weak, including inadequate
or outdated healthcare facilities and systems, low public investment in healthcare costs
per capita (Europe and the US: over $2500/capita; most west African countries: below
$50/capita), and a dense population living in poverty and unsanitary living conditions [10].
In the case of the United States, there are 34 intensive care unit beds per 100,000 people
compared with only four intensive beds in Kenya [7].

The medical system in Africa has been strengthened through the cooperation and sup-
port of international organizations to cope with HIV, malaria, and Ebola treatments, and the
African Center for Disease Control was opened and began operating in 2017 [12]. Despite
this, most African governments focused on the most effective containment measures in the
initial COVID-19 response.

As soon as the COVID-19 outbreak began in Africa, the African Union quickly re-
sponded with tiered public health and social measures (PHSM) systems, the most effective
tool to combat the fast-spreading epidemic [13]. A clear awareness of the realities of the
medical and social health systems enabled governments in Africa to quickly decide on strict
responses in the first step of the COVID-19 outbreak [7,13]. At the start of the pandemic,
the majority of governments put measures in place such as closing borders, shutting down
markets, suspending internal and international flights, and instituting bans on people
gatherings [7,11,13].

As a result of the rapid and thorough lock-down in African countries, it was possible
to lower the initial infection rate. However, there were side effects such as restrictions on
outdoor recreational activities, the interruption of nature experiences, and reductions in
the amount of nature experience.

The reward hypothesis is one of the oldest hypotheses in outdoor recreation and leisure
research, stating that leisure plays a rewarding role after a hard time [14]. In this study,
appreciation of the natural environment and increased outdoor activity in urban forests as
a reward for extreme freedom restrictions were established as a research hypothesis.

During the pandemic, a target area survey was conducted on urban populations in
the capitals of Malawi, Rwanda, South Africa, Tanzania, and Zambia. This study was
conducted to investigate and analyze changes in stress level caused by COVID-19, appreci-
ation of the natural environment, recreational behavior in urban forests, and perceptions of
health recovery in a natural setting.

In an online survey on outdoor recreation conducted on American adults in 2020 right
after the outbreak of COVID-19, most of the respondents did not want to risk infection due
to outdoor recreation during the pandemic, and this perception was based on decreasing
overall outdoor recreation [15]. A survey of Canadian adults showed a significant decrease
in physical activity after COVID-19 was reported [16], and a study of Vermont residents
in the US also found that outdoor recreational activities declined during the pandemic,
except hiking and gardening [17]. Urban parks, community centers, recreational centers,
and public places of social activity were closed worldwide during COVID-19, and people’s
work, learning, and leisure activity patterns mainly changed [18].

Recently, research was conducted on overcoming nature-deficit disorder through fre-
quent exposure to the natural environment [19]. The pandemic is decreasing people’s nature
experience and changing their perceptions of the natural environment due to restrictions
on outdoor recreation in the natural environment worldwide.
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This study aims to investigate and analyze perceptions of urban forests in limited
and disconnected situations and to identify the relationship between the COVID-19-stress
experienced by urban residents and their recreational behaviors and perceptions of health
recovery in nature. A structural equation model (SEM) research model is used to investigate
the perception of nature experience in five African countries during the pandemic era [20].
The research hypotheses are as follows: (i) mental stress caused by restricted face-to-face
communication and limited freedom of activity; (ii) increased screen and internet use due to
increased indoor living time; (iii) appreciation of urban forest due to (i) and (ii); (iv) actual
behavioral changes such as increasing visit frequency; (v) perception of health recovery in
the natural environment.

2. Materials and Methods

2.1. Survey Procedure

The data were collected between April and June 2020, when governments of the five
countries began to take countermeasures, including school closures, stay-at-home rules,
workplace closures, and restrictions on internal movement, following the WHO pandemic
declaration of March 2020 [21]. The target countries were Malawi, Rwanda, South Africa,
Tanzania, and Zambia in the southeastern region of Africa, and the people living in the
capitals of each country were chosen. Respondents were contacted through email due to
restrictions on physical meetings during the survey period [1,5,7,8].

Because of the difficulty of finding respondents in the COVID-19 era, during which
social, economic, and human life was abnormal, we secured a list of respondents with
cooperative researchers (the co-authors) working in the forestry or environment depart-
ments of government agencies in each country. The respondents were selected from groups
of individuals who participated in government campaigns or program meetings with
the theme of community development, natural landscape, biodiversity conservation, and
climate change by the ministry of environment and forestry.

All the participants were informed through consent forms of the research aim, subjects,
and ethics at the beginning of the surveys. They knew their right to participate or refuse
during the survey questionnaire, such as ending the survey immediately. Excluding errors
and insufficient responses, a total of 430 responses were used (Table 1).

Table 1. Characteristics of participants and current status in each country.

Country,
Surveyed Area

Forested Area
(% of Land Surface)

Population
(×1000)

GDP Growth Rates GDP/
People ($)

Survey Respondents

Total
(Pers.)

Female
(%)

Age (%)

′19 ′20 ′21 ~29 ~39 ~49 50~

Malawi,
Lilongwe

22,417 sq.km
(23.7%) 19,129 5.5 0.9 2.2 636 95 46.3 29.5 43.2 25.3 2.1

Rwanda, Kigali 2760 sq.km
(11.1%) 12,952 10.1 3.5 6.7 797 65 47.6 73.8 16.9 3.1 5.2

South Africa,
Pretoria

170,500 sq.km
(14.0%) 59,308 0.2 −5.8 4.0 5655 94 42.5 39.4 26.6 26.6 7.4

Tanzania,
Dodoma

457,450 sq.km
(51.6%) 59,734 6.3 2.0 4.6 1076 74 37.8 12.2 48.6 39.2 0.0

Zambia,
Lusaka

448,140 sq.km
(60.2%) 18,383 1.5 −3.5 2.3 985 102 51.9 8.8 39.2 48.0 3.9

(Source: Worldbank 2020, IMF 2020, and survey results in target areas).

2.2. Survey Method and Statistical Analysis

To explore the research hypotheses, we applied developed survey questions on the
perception of nature experience in five African countries during the pandemic [20]. The
survey questionnaires were revised into 12 questions in 4 categories: COVID-19 Stress level,
indoor activity increase, enhanced appreciation of urban forests and natural environment,
and agreement with health recovery in nature (Table 2) [20]. The participants responded
using a 5-point scale.
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Table 2. Interview questionnaire’s reliability by categories.

Category Items (Since COVID-19, . . . ) Var.
Cronbach’s α

MA RW SA TA ZA

Stress
level

I am unsatisfied with the restricted daily life (activity,
visitation, work, school). ST1

0.826 0.860 0.831 0.801 0.878
I am unsatisfied with limited communication opportunities

with other people. ST2

It has decreased communication with other people
(except family). ST3

It has increased the communication with my family. * ST4

Indoor
activity

I don’t have enough leisure activities. ID1

0.821 0.792 0.803 0.841 0.862
The screen time for visiting websites and watching TV

has increased. ID2

I prefer online activities to be offline (shopping, learning,
communicating, etc.). ID3

Appreciation of
urban forests

I get a positive feeling when I visit urban forests. * PR1

0.793 0.774 0.836 0.810 0.775
It became more challenging to go to the outdoor natural

environment in urban forests. PR2

I love to experience the outdoor nature around me,
particularly during the pandemic. * PR3

Perception of
health recovery

in nature

Through nature experience in the urban forest, I felt my
mental recovery. * HE1

0.786 0.797 0.775 0.852 0.784
Through nature experience in the urban forest, I felt my

body recover. * HE2

Note. * reversed items (Questions were adapted from [20]).

The questionnaires were translated and used for field surveys in each country, and
the 12 questions suitable for statistical significance were finally selected. The internal
consistency reliability of each country was analyzed reliably with Cronbach’s alpha scores
greater than 0.65 [22].

Behavior change in urban forest experience was analyzed with the public health and
social measures (PHSM) Index provided by the Africa Center for Disease Control and
Prevention (CDC) by comparing outdoor recreation behaviors before and after COVID-19.
Tiered PHSM systems are a core component of effective COVID-19 preparedness, response,
and risk communication [13]. The WHO classifies the PHSM Severity Index into six indica-
tors: (1) the earing of face masks, (2) school closures, (3) office, business, and institution
closures, (4) bans on people gathering, and (5) bans on domestic and (6) international travel
and movement [23].

Before and after the COVID-19 lock-downs, outdoor recreation was quantified on
two five-point scales for frequency, duration of greenspaces visits, and transportation time.
Visit frequency measured the average frequency of visits to urban forests and urban green
areas: (5) every day; (4) 2–3 times/week; (3) 1 time/week; (2) 1 time/month; and (1) rarely.
Staying time measured the average length of staying time: (5) a day; (4) 4 h; (3) 2 h; (2) 1 h;
and (1) 30 min. Transport time was the average travel time to the destination: (5) less than
15 min.; (4) less than 30 min.; (3) less than 1 h; (2) 1~2 h; and (1) more than 2 h.

Appreciation of urban forest, or appreciation of a natural environment in an urban
setting, was affected by exogenous variables during the pandemic. Stress level was an
exogenous variable related to observed interpersonal communications and relationship
variables. Indoor activity was an exogenous variable affected by observational variables,
including (on- or offline) screen time and visiting websites due to increase staying time
at home. Outdoor recreation included the behavior of the outdoor activity, while health
recovery (in nature) was related to the attention to nature-based human health during the
pandemic era. (Figure 1) [20].

129



Land 2022, 11, 872

 

Figure 1. Structural equation modeling diagram (Adapted from [20]). Freq: visit frequency to urban
forests; stay: staying time in urban forests; time: transport time to natural areas in urban settings. H1:
respondent’s appreciation of urban forests comes from stress level and indoor activity; H2: people’s
perception of health recovery during the COVID-19 pandemic comes from appreciation of urban
forests; H3: behavior changes in outdoor activity come from both appreciation of urban forests and
expectations for health recovery.

The collected data were analyzed using an analysis of variance (ANOVA) approach to
examine the differences in each country and with structural equation modeling (SEM) to
explore the relationships between variables. SPSS 25 and AMOS 25 were used for statistical
analysis, and confirmatory factor analysis (CFA) was conducted to estimate the measured
variables’ fitness and each type’s characteristics [24]. Path analysis was performed to test
the influence relationships between the measured variables. Construct reliability, average
variance extracted, and covariance values for the measured variables were calculated to
examine the reliability and validity of the research model. To determine the intervening
effect’s statistical significance, we used a Sobel test.

3. Results

3.1. Comparative Changes in Perception and Behavior

The question of this study began at these points: Does increasing COVID-19 stress
among urban dwellers with limited contact change their perceptions of outdoor activities
and nature experiences? Do the country-specific PHSM measures identified by the Africa
CDC make changes that increase or decrease the amount of natural experience of urban
dwellers? This study was conducted to answer these questions.

Changes in outdoor recreation behavior before and after COVID-19 in each country
were collected through the PHSM index (Table 3) [13]. The changed outdoor recreation
behaviors pre- and post-COVID-19 results are presented in Table 4.

In the research SEM model, the increases in stress and indoor activities led to a rise
in the appreciation of urban forests. The increased interest in health under a pandemic
led to a perception of health recovery in the natural environment and outdoor activity
(Figure 1). However, due to the governments’ lock-down measures (Table 3), the total
amount of natural experiences, such as frequency of nature experience and length of stay,
of respondents in all the countries decreased significantly during the COVID-19 pandemic
(Table 4). The difference in the frequency of visits before and after was verified at a high
significance level.

These results were consistent with the indicators of schools closing, canceled public
events, restrictions on gatherings, international travel controls, and facial coverings and
mask-wearing that were common in PHSM systems during the period (Table 3). The
staying time in the visited urban forests decreased in all except Malawi and was statistically
significant by t-test. In other words, the visit frequency to urban forests and the time spent
in urban forests both decreased during COVID-19, indicating that the total amount of city
residents’ natural experiences reduced significantly (Table 4). The transport time for urban
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forest visits increased in Malawi and Tanzania and decreased in Rwanda, South Africa, and
Zambia. However, since statistical significance was not secured (South Africa and Zambia)
or there were mixed cases of increase (Malawi) or decrease (Tanzania), the circumstances of
each country were different, so an integrated interpretation was difficult.

Table 3. Comparison PHSM index between pre-and post-COVID-19 outbreak (Resource: Africa CDC).

Country Malawi Rwanda South Africa Tanzania Zambia

Month January–June January–June January–June January–June January–June

School
Workplace

Public events
Gathering
Transport

Stay at home
Movement

Travel abroad
Mask

     
Notes. School: school closings; Workplace: workplace closings; Public events: canceled public events; Gathering:
restrictions on gatherings; Transport: closed public transport; Stay at home: stay at home requirements; Movement:
restrictions on internal movement; Travel abroad: international travel controls; Mask: facial coverings or mask-

wearing requirements (Resource: Africa CDC). PHSM index:  no data;  recommended;  subnational

only;  national.

Table 4. Changed outdoor recreation behavior during COVID-19 pandemic.

Visit Frequency Staying Time Transport Time

Month January June t-value January June t-value January June t-value

Malawi 2.61 2.15 3.009 ** 3.07 3.51 −2.993 ** 3.66 3.96 −3.243 **
Rwanda 3.66 2.38 6.022 *** 3.48 2.48 4.309 *** 3.49 3.00 2.075 *

South
Africa 2.77 2.34 4.535 *** 2.71 1.96 5.647 *** 3.06 2.98 1.051

Tanzania 3.44 2.00 8.021 *** 2.97 2.00 7.083 *** 3.16 3.49 −2.042 *
Zambia 3.32 2.59 4.630 *** 3.25 2.67 4.338 *** 3.48 3.27 1.902
Average 3.11 2.30 11.110 *** 3.08 2.55 7.214 *** 3.37 3.35 0.350

Notes. p-value: * p < 0.05, ** p < 0.01, *** p < 0.001. All questionnaires were measured on a 5-point scale from 5
(every day) to 1 (rarely) for visit frequency, from 5 (a day) to 1 (less than 30 min) for staying time, and from 5 (less
than 15 min) to 1 (more than 1 h) for transport time.

The COVID-19 stress was highest in Tanzania, and for the indoor activity category,
Zambia and Malawi responded highly, reflecting an increase in indoor staying time due to
the earliest restrictions implemented in Malawi (Table 5). South Africa showed the highest
appreciation of urban forests during the pandemic.

Most of the respondents answered that it was newly recognized that the natural
environment helped people recover their psychological and physical health during the
pandemic, and Tanzania showed the highest number. Respondents from all the countries
answered that the effect of physical health recovery was greater than that of psychological
health recovery, in contrast to an Asian study that showed high responses to psychological
health to the same question [20]. The visit frequency (T = 11.110; p = 0.000) and duration
of visits (T = 7.214; p = 0.000) to urban forests significantly decreased due to lock-down
measures; these data did not match the research hypothesis. Hypothesis H3 was rejected
and dropped from SEM diagram.
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Table 5. Survey results overview: appreciation and perception of nature in five countries.

Stress Level Indoor Activity
Appreciation of
Urban Forests

Perception of
Health Recovery

Malawi 3.74 ± 0.39 4.10 ± 0.28 a,b 3.51 ± 0.36 3.81 ± 0.40 b

Rwanda 3.70 ± 0.42 3.89 ± 0.46 b 3.62 ± 0.45 3.80 ± 0.47 b

South Africa 3.82 ± 0.48 3.80 ± 0.46 b 3.74 ± 0.43 3.93 ± 0.42 a,b

Tanzania 3.93 ± 0.38 3.99 ± 0.40 a,b 3.61 ± 0.48 4.23 ± 0.40 a

Zambia 3.57 ± 0.44 4.29 ± 0.39 a 3.54 ± 0.48 4.05 ± 0.48 a,b

F-value 2.042 4.895 0.968 3.450
p-value 0.088 0.001 0.425 0.009

Notes. a,b same letter not significant (α = 0.05) Scheffe’s post-hoc test; MANOVA Wilks’ lambda = 4.033; p < 0.000;
partial eta squared = 0.04.

3.2. Confirmatory Factor Analysis

A CFA was performed to test the validities of the variables (Table 6). Before confirming
the CFA model, the variables’ redundancies were tested. All the items were calculated with
high R2 values significantly by good concentration validity.

Table 6. Confirmatory factor analysis results.

Category Variables Malawi Rwanda
South
Africa

Tanzania Zambia

Stress
level

ß-coeff.

ST1 0.708 0.912 0.675 0.875 0.852
ST2 0.695 0.704 0.762 0.958 0.967
ST3 0.683 0.834 0.828 0.509 0.788
ST4 0.890 0.716 0.718 0.486 0.616

CR 0.840 0.855 0.813 0.829 0.879

AVE 0.571 0.599 0.522 0.569 0.651

Indoor
activity

ß-coeff.
ID1 0.753 0.573 0.554 0.720 0.762
ID2 0.787 0.716 0.913 0.993 0.884
ID3 0.792 0.910 0.831 0.753 0.827

CR 0.890 0.735 0.797 0.879 0.879

AVE 0.729 0.509 0.577 0.713 0.709

Appreciation
of urban
forests

ß-coeff.
PR1 0.631 0.628 0.864 0.674 0.756
PR2 0.611 0.849 0.779 0.678 0.770
PR3 0.998 0.735 0.757 0.976 0.673

CR 0.833 0.760 0.839 0.800 0.731

AVE 0.635 0.519 0.635 0.580 0.506

Health
recovery

perception

ß-coeff. HE1 0.729 0.894 0.772 0.942 0.742

HE2 0.937 0.743 0.830 0.794 0.869

CR 0.843 0.787 0.732 0.890 0.851

AVE 0.732 0.651 0.578 0.803 0.742

Model fit
summary

Chi2 103.768 60.609 92.394 137.957 136.846
P-level 0.000 0.105 0.000 0.000 0.000

GFI 0.860 0.865 0.877 0.791 0.822
AGFI 0.773 0.781 0.801 0.740 0.790
NFI 0.810 0.858 0.840 0.846 0.815
IFI 0.888 0.967 0.916 0.918 0.872
TLI 0.840 0.952 0.910 0.894 0.881
CFI 0.884 0.965 0.913 0.912 0.916

RMSEA 0.071 0.054 0.056 0.051 0.063

Notes. ß-coeff.: standardized coefficient, CR: construct reliability, AVE: average variance extracted, P-level:
probability level.

The exogenous variables were composed of four variables of stress level and three of
indoor activity. The endogenous variables consisted of two variables of health recovery
and three of appreciation of urban forests.
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The construct reliability (CR) and average variance extracted (AVE) were calculated
to test discriminant validity. The validity of the AVE range value was: very good (>0.7),
acceptable (0.7~0.5), and not acceptable (<0.5). If the CR value was above 0.7 and the
AVE was above 0.5, the data could be determined to have convergent validity [25,26]. The
research CFA model was confirmed with high CR and AVE values for internal consistency
and convergence validity, which indicated a good data fit. The model fit test by each
country is shown in Table 6. The model was suitable when the chi-square value was small
and the probability value was considerable (p > 0.10). The indices of model fit by chi
square were not acceptable for Malawi (103.768, p = 0.000), South Africa (92.394, p = 0.000),
Tanzania (137.957, p = 0.000), and Zambia (136.846, p = 0.0000), but they were acceptable for
Rwanda at 60.609 (p = 0.105).

The minimum and maximum indices of the five countries were goodness-of-fit index
(GFI) = 0.791~0.877 and adjusted goodness-of-fit (AGFI) = 0.773~0.801. The GFI and AGFI
statistics ranged between 0 and 1, and the recommended values, a good fit, were more
than 0.90. The GFI value of 0.791~0.877 was less than 0.9 due to the relatively small sample
size [27,28].

The normed fit index (NFI) was 0.810~0.858. The normed fit index (NFI) was used
as an alternative to CFI, but one did not require the chi-square test, and the range was
from 0 to 1, with 1 = perfect fit [29]. The incremental fit index (IFI) = 0.872~0.967, the
Tucker–Lewis index (TLI) = 0.840~0.952, and the comparative fit index (CFI) = 0.884~0.965.
The CFI value was close to 0.9, which showed a relatively good fit [30]. The TLI is relatively
independent of sample size, and a TLI value approaching 1 indicates a good fit [28,29,31,32].

The root mean square error of approximation (RMSEA) = 0.051~0.071. RMSEA is an
index of the difference between the observed covariance matrix per degree of freedom and
the hypothesized covariance matrix, which denotes the model [25,33]. A good model fit
by RMSEA was recommended as smaller than 0.06, in general [34], from 0.05 to 0.07 are
acceptable [35], 0.08 to 0.1 are marginal, and values above 0.1 are poor [36]. The CFA model
fit was evaluated to be acceptable (Table 6).

3.3. Structural Equation Modeling for the Research Hypotheses

SEM was conducted to examine the hypothesis of the relationship between COVID-19
stress and changed perceptions of health in the urban forests of five African countries’
people (Table 7, Appendix A (Table A1)). The model fit indices by chi square were not
acceptable for Malawi (χ2 = 119.963, p = 0.000), South Africa (χ2 = 130.390, p = 0.000),
Tanzania (χ2 = 151.270, p = 0.000), and Zambia (χ2 = 140.689, p = 0.000), but they were
acceptable for Rwanda at χ2 = 64.672 (p = 0.079). The different model fit test results are
given in Table 7 and Appendix A (Table A1). The first hypothesis of the relationship of
stress level to appreciation of urban forests as deterministic variables was examined. The
hypothesis of a positive effect of stress level on urban forest appreciation was accepted in
Rwanda, South Africa, and Zambia with standardized coefficients of 0.419, 0.363, and 0.375,
respectively (t = 3.081, 3.175, and 3.281, respectively; p < 0.01). The level of the symbolic
meaning of increasing stress in the COVID-19 pandemic was significantly related to the
appreciation of urban forests.

However, the hypothesis of the significant effect of indoor activity, which represented
the changed indoor-oriented lifestyle of increased screen-watching time (internet-accessed
digital device tablet-PC, smartphone, etc.) to appreciation of urban forests, was supported
in two countries of Rwanda and Zambia, with standardized coefficients of 0.447 (t = 2.787,
p < 0.01) and 0.285 (t = 2.006, p < 0.05), respectively.

The second hypothesis of the relationship of health recovery perception to appreciation
of urban forests was examined. Except in Tanzania, the appreciation of urban forests and
nature experiences was significantly related to recovering health in nature (p < 0.01~0.001).
The results supported the hypothesis that the appreciation of urban forests and nature
experiences caused nature-related health recovery perceptions in Rwanda, South Africa,
and Zambia.
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Table 7. Research hypotheses tested by SEM model fit.

Hypothesis: Direction Malawi Rwanda
South
Africa

Tanzania Zambia

H1a:
Stress level →

Appreciation of
urban forests Reject Accept Accept Reject Accept

H1b:
Indoor activity →

Appreciation of
urban forests Reject Accept Reject Reject Accept

H2:
Appreciation of
urban forests →

Perception of
health recovery Accept Accept Accept Reject Accept

Because of bans on direct interpersonal contact and increased indoor time, in relation
to COVID-19 stress, it was observed that the appreciation of urban forests was enhanced in
Rwanda and Zambia. The increased appreciation of nature experiences in urban forests
during the COVID-19 pandemic was related to the perception of nature-based health
recovery in Malawi, Rwanda, South Africa, and Zambia.

The appreciation of urban forests intervened between stress level, indoor activity, and
health recovery. A Sobel test was conducted on the research model, assuming that either
stress level or indoor activity affected health recovery perception (Table 8) [37,38].

Table 8. The indirect effect of explanatory variables on health outcomes evaluated with the Sobel test.

Indirect Effect Malawi Rwanda
South
Africa

Tanzania Zambia

Stress level → Urban
forest → Health

Z-value 0.850 2.363 1.909 0.152 2.576

p 0.197 0.009 0.028 0.439 0.004

Indoor activity → Urban
forest → Health

Z-value 0.657 2.226 0.667 0.713 1.806

p 0.255 0.013 0.252 0.237 0.035

Notes. Urban forest: appreciation of urban forests, Health: perception of health recovery.

Appreciation of urban forests acted as an intervening variable between stress level
and health recovery perception in Rwanda (p = 0.009), South Africa (p = 0.028), and Zambia
(p = 0.004). The second test showed that appreciation of urban forests intervened between
indoor activity and health recovery perception in Rwanda (p = 0.013) and Zambia (p = 0.035).
The Sobel test results showed that the appreciation of urban forests in Rwanda and Zambia
played a mediating role between stress level during the COVID-19 pandemic and the
perception of health recovery.

We found that the stress level and indoor activities affected the appreciation of urban
forests associated with the perception of health recovery through research model examina-
tion. Thus, the research hypotheses of H1a, H1b, and H2a were fully supported in Rwanda
and Zambia.

4. Discussion

4.1. Distancing from Nature during Lock-Down Measures

The tendency of a decreasing amount of nature experience during the COVID-19
pandemic and increasing stress levels was observed in this study. We studied the bases
of these phenomena from limited interpersonal communication during lock-down. In the
world after the pandemic declaration, people’s stress increased due to a series of govern-
ment regulations on face-to-face contact, and residents’ daily lives in densely populated
cities meant disconnection and isolation. In particular, underdeveloped countries imposed
strong lock-down measures to prevent the collapse of the health system due to large-scale
infection, and the majority of people with weak financial status faced difficulties due to
income reduction, food insecurity, and threats to their livelihoods [5,9,10,20,39].
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In Africa, where experience in coping with diseases such as tuberculosis, HIV, Ebola,
and H1N1 influenza has been accumulated, immediate and strong lock-down policies were
implemented after the pandemic. In the five countries of this study (Malawi, Rwanda,
South Africa, Tanzania, and Zambia), after the pandemic declaration, strong containment
policies were implemented against schools, public gatherings, group contact, travel, and
the internal movement of people [7,8,10,11,13].

We found increased stress levels due to limited interpersonal communication dur-
ing lock-down. In the United States, Poland, Canada, and Australia, compared to the
pre-COVID-19 period people complained of psychological disorders such as isolation,
depression, helplessness, and stress due to significantly increased indoor dwelling time,
limited communication, and insufficient outdoor activities [40–43]. The increase in indoor
life has been indicated by passive and low-movement habits such as reading, pc games,
tablets, and smartphones [44–49]. Despite interest in various indoor exercises, including
yoga, the total amount of activity tended to decrease [50].

Quantitative changes in outdoor recreation activities during the COVID-19 pandemic
have been reported worldwide, including in the US [15–17,51]. In this study, a decrease in
the frequency of visits to urban forests was observed in five countries.

In a long-term survey of 64,000 people in the United States, despite national and
state parks closing and recreation program stoppage due to the federal government’s
COVID-19 prevention policy, visits to the forest increased [51]. It was reported that the
frequency of outdoor recreation among American citizens increased by 43% during the
COVID-19 pandemic [52]. In Oslo’s urban green areas, pedestrian activity increased during
the pandemic, and it was identified that urban nature acted as an escape from various
aspects of restriction stress [53].

The frequency of visits to the natural environment has been identified as an essential
factor influencing nature experience and outdoor recreation [54–56]. In a comparative
study of urban residents in three Asian countries with pro-environmental attitudes [57],
the perception and behavior of urban forest visitors in three western European countries
for health recovery [58], and a comparative analysis of visitors to urban forests in Korea
and Germany with the theme of nature experience aversion, visit frequency was always
determined as an important influencing factor [19]. The decrease in the frequency of visits
to urban forests after lock-down observed in this study was predicted as a factor that could
increase COVID-19 stress and lower the quality of life under the pandemic.

4.2. Perception of Recovery in Human Health in Nature during the COVID-19 Pandemic

We predicted that the stress caused by COVID-19 was predicted to express an increase
in appreciation of urban forest experiences and affect behavioral changes, such as increased
outdoor activities and the perception of health recovery in urban forests. The research
hypothesis assumed that the flow of increased interest in health after the pandemic would
lead to health recovery perception through natural experiences. All five countries showed
very high responses to the idea of the recovery of human health in nature.

The H2 hypothesis of the SEM model assumed a relationship between the appreciation
strengthened during the pandemic and the perception of health recovery in nature, and
this was supported in four countries, all except Tanzania. As a result, factors such as indoor
lifestyle, communication disconnection, and stress in Rwanda and Zambia influenced
the perception of health recovery in nature with appreciation of urban forest experiences
as a parameter.

Many previous studies have examined health promotion in forests and nature [40–43,59–68].
In a study on the perception of psychological and physical health promotion effects in
urban forests conducted in Berlin (Germany), Vienna (Austria), and Zurich (Switzerland),
the health recovery function in urban forests was affirmed [58]. Electoencephalography
(EEG) analyses have suggested that the alpha wave (the conscious and relaxed brain status
with a frequency of 8 to 13 hertz), which is increased during relaxation, has also been
observed to increase when the people are exposed to a forest environment, thereby af-
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firming that forest experiences have a therapeutic effect and a significant impact on stress
reduction [41,42,69,70]. In studies on human physiological substances, the cortisol hor-
mone, detected at a high concentration when people are in a stressed state, has shown a
statistically significant decrease when subjects are exposed to a forest environment, thus
supporting forest experience programs as a physiological treatment therapy [71–73].

The effectiveness of trekking in forests to promote people’s physical health, such as
muscular endurance, bone density, and cardiorespiratory function, was studied by planning
an appropriate exercise load considering the slope and distance of forest trails in moun-
tainous areas. This has been named “terrain therapy” as a treatment therapy [71,74–77].
The recovery of human health in a forest environment has been shown through research
on its effects on mental health treatment, such as alcoholism, gambling addiction, and
gaming addiction, and on the improvement of various psychological disorders, such as
interpersonal stress, depression, and obsession disorder [41,61,78–82]. In the pandemic,
urban green spaces were also newly defined as areas important for life that maximize
natural human resilience [83–85].

The results of this study, which demonstrated the relationship between the apprecia-
tion of urban forests during the pandemic and the perception of health recovery, are in line
with the results of studies in the United States and Europe that reported an increase in the
amount of outdoor activity to maintain health [51,86].

4.3. Study Limitations

This study had several research limitations that need to be improved in further stud-
ies. First, it is necessary to verify whether the sample is representative demographically,
geographically, historically, and culturally because the sample collected during the inter-
national comparative study was assumed to represent the research target country and
region [87–89]. Of course, this study surveyed the citizens of the capital of each country.

Still, in a country where the capital and the provinces have economic, social, and
cultural differences, residents of the capital may not represent residents of the entire country.
This is another typical problem in a cross-national study of the sample homogeneity issue
at the same time. This includes whether the sample group of this study, which was smaller
under the pandemic situation, could represent the population. To compensate for these
weaknesses, it is necessary to deepen the group composition and interpretation of research
results by including sociological or anthropological factors in future studies.

Despite briefly mentioning a decrease in GDP growth rates in five countries before and
after the COVID-19, the interpretation of the post-COVID-19 socioeconomic and industrial
impact was insufficient. COVID-19 caused severe food insecurity, as well as the extreme
decline and partial collapse of tourism, the financial sector, and education systems [90–94].

Considering that macro-and micro-socioeconomic impacts affect even the political
arena [9,95], an integrated interpretation of the economic situation and the pandemic is
necessary for future research.

After the lock-down, there was an apparent decrease in citizens’ urban forest use
rates, so we had to revise the SEM model. Although the high appreciation of urban forests
and the will to recover health in nature were analyzed, it was impossible to integrate
and interpret observed behavioral changes, such as visit frequency and stay time. An
analysis of the trend of behavioral change after the pandemic is lifted is necessary as a
pre-post-follow-up survey.

5. Conclusions

This study aimed to investigate the relationship between urban forest appreciation
and health recovery perception with stress, outdoor recreation, and lock-down measures
in most but not all of the investigated countries during the COVID-19 pandemic through
an SEM model. The study results showed that, in Rwanda, South Africa, and Zambia,
COVID-19 stress led to an appreciation of urban forests and was related to health recovery
perception. However, at the same time, social distancing from nature due to COVID-19
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lock-down rules appeared to decrease the amount of natural experience, such as the visit
frequency and stay time.

As the research results showed, appreciation of the natural environment in urban
forests developed into high expectations for health recovery in nature. The role and function
of the urban forest that has worked so far should be strengthened as a health recovery place
that can overcome the stress of COVID-19.

The COVID-19 lock-down measures were a response to a crisis of humanity, and they
reinforced the desire to experience nature and restore nature-based health. The results of
this study can serve as a basis for predicting the expectation for health recovery and healing
activities in urban forests after the end of the pandemic.
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Appendix A

Table A1. Research hypotheses tested by SEM model fit.

Hypothesis: Direction Malawi Rwanda
South
Africa

Tanzania Zambia

H1a:
Stress level → Appreciation of urban forest

Estimate 0.106 0.419 0.363 0.027 0.375
S.E. 0.118 0.136 0.152 0.174 0.114
CR 0.898 3.081 3.175 0.002 3.281
p 0.497 0.002 0.001 0.998 0.001

Result Reject Accept Accept Reject Accept

H1b:
Indoor activity
→

Appreciation of urban forest

Estimate 0.091 0.447 0.114 0.314 0.285
S.E. 0.134 0.160 0.167 0.215 0.142
CR 0.679 2.787 0.680 1.463 2.006
p 0.497 0.005 0.496 0.143 0.045

Result Reject Accept Reject Reject Accept

H2:
Appreciation of
urban forest →

Perception of health recovery

Estimate 0.454 0.571 0.563 0.067 0.402
S.E. 0.172 0.155 0.177 0.082 0.097
CR 2.647 3.695 3.175 0.812 4.123
p 0.008 0.000 0.001 0.417 0.000

Result Accept Accept Accept Reject Accept

Model fit test

Chi2 119.963 64.672 130.390 151.270 140.689
p-value 0.000 0.079 0.000 0.000 0.000

GFI 0.838 0.859 0.838 0.769 0.812
AGFI 0.747 0.781 0.747 0.639 0.707
NFI 0.780 0.848 0.774 0.722 0.810
IFI 0.859 0.961 0.847 0.795 0.869
TLI 0.807 0.946 0.792 0.720 0.822
CFI 0.854 0.959 0.843 0.788 0.865

RMSEA 0.122 0.048 0.052 0.167 0.057
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Abstract: We investigated how the perceived quality of natural spaces influenced levels of visitation
and felt benefits during the COVID-19 pandemic in Australia via a nationally representative online
and telephone survey conducted on 12–26 October (Social Research Centre’s Life in AustraliaTM

panel aged > 18 years, 78.8% response, n = 3043). Our sample was restricted to those with complete
information (n = 2940). Likert scale responses to 18 statements regarding the quality of local natural
spaces that participants preferred to visit were classified into eight quality domains: access; aesthetics;
amenities; facilities; incivilities; potential usage; safety; and social. These domains were then summed
into an overall nature quality score (mean = 5.8, range = 0–16). Associations between these quality
variables and a range of nature visitation and felt benefits were tested using weighted multilevel
models, adjusted for demographic and socioeconomic confounders. Compared with participants in
the lowest perceived nature quality quintile, those in the highest quality quintile had higher odds of
spending at least 2 h in their preferred local nature space in the past week (Odds Ratio [OR] = 3.40;
95% Confidence Interval [95%CI] = 2.38–4.86), of visiting their preferred nature space almost every
day in the past four weeks (OR = 3.90; 2.77–5.47), and of reporting increased levels of nature visitation
in comparison with before the COVID-19 pandemic (OR = 3.90; 2.54–6.00). Participants in the highest
versus lowest perceived nature quality quintile also reported higher odds of feeling their visits to
nature enabled them to take solace and respite during the pandemic (OR = 9.49; 6.73–13.39), to keep
connected with their communities (OR = 5.30; 3.46–8.11), and to exercise more often than they did
before the pandemic (OR = 3.88; 2.57–5.86). Further analyses of each quality domain indicated time
in and frequency of visiting nature spaces were most affected by potential usage and safety (time in
nature was also influenced by the level of amenity). Feelings of connection and solace were most
affected by potential usage and social domains. Exercise was most influenced by potential usage,
social and access domains. In conclusion, evidence reported in this study indicates that visits to
nature and various health-related benefits associated with it during the COVID-19 pandemic were
highly contingent upon numerous qualities of green and blue spaces.

Keywords: nature; green space; blue space; quality; visit; benefit; solace; physical activity;
social connection; safety

1. Introduction

Epidemiological, experimental and ethnographic research accumulated over many
decades indicates that contact with nature (i.e., green and blue spaces) can provide relief
from stress and restore depleted cognitive resources, enrich lives with more socially and
physically active recreational pursuits, and endow communities with cleaner and cooler
microclimates [1–3]. The net-health benefits of these entwined pathways include lower
risks of cardiovascular diseases [4–11], diabetes [12–14] and death [15], while a smaller
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number of studies also identify lower risks of loneliness [16,17], cognitive decline and
dementia [18–27].

Numerous studies around the world have shone a light on how contact with nature
has played an important role in coping with protracted socioeconomic upheaval and
significant emotional distress during the COVID-19 pandemic [28]. Many have zeroed in
on the mental health benefits of nature during this difficult period [29]. Some work has
focused on the inequalities that were exacerbated by lockdowns [30] and the compensation
of private gardens for a lack of access to public green spaces [31,32]. Others have shown
how the rapid transition to ‘remote work’ in some countries enabled more people to benefit
from spending time in nature [33]. Notable for its absence from current research, however,
was the critical issue of green and blue space quality, which was not mentioned once in a
comprehensive narrative review of studies published [28]. To our knowledge, only one
study has examined the role of green space quality during the pandemic [29].

Green and blue space quality is a critical issue for health and mental health in particular,
as many previous studies conducted before the COVID-19 pandemic demonstrate [34–37].
Qualitative evidence bears this out in ways that are largely absent from the epidemiological
literature [38,39]. For example, many people will visit natural settings that they identify
as providing sources of non-judgmental, ego-free and dependable support [40]; it would
be erroneous to consider all green and blue spaces as affording such precious experiences.
Meanwhile, some natural settings can, as a result of regular visitation over time and
over generations, become invested with individual and shared meanings that (re)generate
feelings of connection and belonging within and between nearby communities [41]. Clearly,
not all green and blue spaces share equal value. If a nearby green or blue space has a deficit
of what people might need or desire (i.e., ‘good’ qualities) and/or an abundance of things
they might seek to avoid (i.e., ‘bad’ qualities), a situation may transpire where there are lots
of nature spots nearby but this does not necessarily translate into better health.

Accordingly, we sought to look beyond the sole issues of availability and accessibility
to investigate more holistically the degree to which the nature–health association during
the COVID-19 pandemic was dependent upon the various qualities of the nearby natural
settings that people prefer to visit. We examined the extent to which different aspects of
visitation and contrasting health benefits were contingent upon the presence of a range
of specific qualities, both good and bad. We hypothesized that people tended to visit
and benefit more from green and/or blue spaces that they felt had more of the qualities
they value.

2. Materials and Methods

2.1. Data

A nationally-representative survey of the Australian adult population aged ≥ 18 years
was conducted between 12 and 26 October 2020 via the Social Research Centre’s Life in
AustraliaTM panel. Participation was in the English language only. Panel members were
recruited in 2016 via their landline or cell phone using a dual-frame random digit dialling
design (RDD) with a 30:70 split between landline and cell phone sample frames. Respon-
dents in households were selected using an alternating next or last birthday approach via
the landline method wherein households were occupied by at least two residents in scope.
The phone answerer was the selected respondent via the cell phone method. In each case, in-
vitation to join the panel was for one member per household only. The panel was refreshed
in 2018 using mobile phone RDD only and again in 2019 with online-only participants using
a G-NAF (Geocoded National Address File) sample frame and push-to-web methodology.
In each of these cases, refreshment was required to balance demographics of the panel with
respect to the Australian population. Online panel members were invited to participate in
the survey via email and SMS, followed by emails, telephone calls, voicemails and SMS
in week 2 of the survey period to encourage completion. The Social Research Centre’s
interviewers and supervisors had received training in the Life in AustraliaTM panel, survey
procedures and sample management protocols, respondent liaison procedures, strategies
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to maintain cooperation, and detailed examination of the survey questionnaire developed
by the researchers. An incentive of a supermarket or department store gift card, direct
payment into a PayPal account, or donation to a designated charity was offered to all panel
members to the value of AUD 10.00 each. Ethical approval for the survey was granted by
the University of Wollongong HREC.

Approximately 78.8% (n = 3043) of the Life in AustraliaTM panel participated in our
survey (95.0% completing online, 5.0% completing via telephone). A total of 19.9% of panel
members could not be contacted during the survey period and 1.3% of invited members
declined to participate. Response propensity weights were constructed by the Social Research
Centre using logistic regression to limit the impact of non-participation on sample repre-
sentativeness, taking into account geography, age group, gender, annual household income,
citizenship status, language(s) spoken other than English, country of birth, Aboriginal or
Torres Strait Islander status, number of adults and children in the household, employment
status, marital status, highest education, television viewing and internet browsing habits,
smoking and drinking status, general health, life satisfaction, early adopter status, caregiving,
disability status, volunteer status, concession card status, and telephony status. Our sample
focussed on people with full outcome data (n = 2940; 96.6%).

2.2. Outcomes: Nature Space Visitation and Felt Benefits

Six binary outcomes describing participants’ visitation of, and felt benefits from nearby
natural settings during the COVID-19 pandemic were examined. Given evidence indicating
at least 120 min of time in nature may support general health, we used this as a cut-point
for responses to the question: “Approximately how many hours did you spend in green spaces
and/or blue spaces in total over the last 7 days?” We allowed for the possibility that for some
people, the natural setting(s) they would prefer to visit might not be accessible for multiple
reasons and so responses to the following question were also examined: “In the past four
weeks (including the weekends), how often have you visited your preferred local green space and/or
blue space?” Responses were classified as ‘at least once a week’ (combining ‘almost daily’
and ‘1–4 times weekly’) or ‘less than once a week’ (combining ‘2–3 times in the past month’,
‘once or less in the past month’, and ‘never’). The third visitation-focussed outcome was
used to determine if participants had increased their visit frequency since the pandemic
began with the following question: “Since the COVID-19 pandemic and social distancing began
in Australia, to what extent, if at all, do you agree or disagree with each of the following statements?
(A) I now visit green spaces and/or blue spaces more often than before the COVID-19 pandemic”.
This question set also included three statements pertaining to felt benefits, as follows: “(B)
Green spaces and/or blue spaces have helped me to stay connected with my neighbours during the
COVID-19 pandemic. (C) Green spaces and/or blue spaces have brought me solace and respite in
these challenging times. (D) I now walk and/or exercise in green spaces and/or blue spaces more
frequently than before the COVID-19 pandemic”.

2.3. Qualities of Nearby Natural Spaces

Eighteen different quality indicators on the nearby natural setting participants pre-
ferred to visit were measured in the survey (Table 1). These indicators were used to
construct eight different quality domains adopted from a published green space quality
auditing tool [42]. The survey question was “Thinking of the green space and/or blue space you
prefer to visit most often and your experiences in it, how much do you agree or disagree with the
following statements?” The first domain was “access”, for which participants were asked
whether their preferred nature spaces were well-connected by public transport, footpaths
and road crossing points. The second domain, “aesthetics”, examined views concerning
potential for exploration and interesting discoveries, as well as pleasant natural vistas and
biodiverse soundscapes. “Amenities” were the third domain to permit acknowledgement
of adjacent reasons people might visit the natural setting for, such as before or after shop-
ping and dining out. The amenities domain also included a separate question on provision
of shade along footpaths from tree canopy cover. The fourth domain described “facilities”,
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including those used for physical activity, public bathrooms, and seating. “Incivilities”
were the fifth domain and were measured by a single item pertaining to perception of
quality and maintenance of the natural space. The sixth domain described various types
of “usage” including breaks from day-to-day routines, opportunities to feel some distance
from cognitive demands, and spaces that children can play outdoors and/or that a partici-
pant feels they can walk and/or exercise in. The seventh domain attended to “safety”, with
specific focus on safety during the evening/night. The eighth and final domain considered
“social” factors, such as whether the green/blue space was viewed as a shared setting
for neighbours, friends and/or family to meet. Where possible, these questions were
derived from existing literature. For instance, “there is much to explore and discover there” in
the aesthetics domain was drawn from Hartig’s perceived restorativeness scale [43]. The
answer set to all eighteen quality indicators was a five-point Likert scale.

Table 1. Eighteen nature space quality indicators nested within eight quality domains.

“Thinking of the green space and/or blue space you prefer to visit most often and your experiences in it, how
much do you agree or disagree with the following statements?”
[strongly disagree, disagree, neither agree nor disagree, agree, strongly agree]

Domain 1: Access
“It is well connected by footpaths and safe road crossing points”
“Public transport is available nearby”

Domain 2: Aesthetics
“There is much to explore and discover there”
“My attention is drawn to many interesting things there”
“It is a place I can enjoy watching and/or listening to wildlife (e.g., birds)”

Domain 3: Amenities
“There are cafes, and/or shops, and/or supermarkets and/or restaurants nearby”
“There is lots of tree canopy along footpaths that provide shade from heat and direct sunlight”

Domain 4: Facilities
“There are free or low cost recreation facilities, such as outdoor gyms, sports grounds and/or
swimming pools in it or nearby”
“There are public toilets available in it or nearby”
“There are benches in it or nearby on which I can sit and relax”

Domain 5: Incivilities
“I consider it to be high quality and well maintained”

Domain 6: Potential usage
“Spending time there gives me a break from my day-to-day routine”
“This is a place to get away from the things that usually demand my attention”
“It is a good place for children to play outdoors”
“I go there for walks and/or to exercise”

Domain 7: Safety
“This is a place I feel safe to visit during the evening/night”

Domain 8: Social
“It is a social hub for the local community”
“This is a place to spend time with friends and/or family”

We classified each indicator to “disagree/ambivalent” (scoring zero, combining “strongly
disagree”, “disagree”, and “neither agree nor disagree”), “agree” (scoring 1) and “strongly
agree” (scoring 2). Participants’ mean scores across all quality indicators within each domain
were calculated. Degree of correlation between domain means was assessed using Pearson’s
correlation coefficients (Table 2), from which it was evident that most domains were weak-
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to-moderately correlated (e.g., the only correlation >0.6 was for the aesthetics and usage
domains: coefficient = 0.619, p-value < 0.001). Those domain means were then summed across
all domains to give a total quality score for nearby green and blue spaces. This total quality
score was normally distributed with an overall mean of 5.84 (standard deviation = 3.05) and
ranged from zero to 16. We classified it into quintiles, for which the interval means and other
parameters are reported in Table 3.

Table 2. Pearson’s correlation coefficients for quality domains of natural settings.

Access Aesthetics Amenities Facilities Incivilities Potential Usage Safety Social

Access 1
Aesthetics 0.164 1.000

p-value <0.001
Amenities 0.462 0.354 1.000

p-value <0.001 <0.001
Facilities 0.520 0.282 0.507 1.000

p-value <0.001 <0.001 <0.001
Incivilities 0.425 0.338 0.427 0.520 1.000

p-value <0.001 <0.001 <0.001 <0.001
Potential
Usage 0.375 0.619 0.441 0.424 0.483 1.000

p-value <0.001 <0.001 <0.001 <0.001 <0.001
Safety 0.124 0.257 0.147 0.162 0.215 0.273 1.000

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Social 0.396 0.396 0.450 0.559 0.477 0.494 0.216 1

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Table 3. Description of the nature space total quality score quintile intervals.

Quintiles Mean Standard Deviation Quintile Bounds

1 (low) 2.02 1.00 0.00 3.30
2 4.11 0.45 3.33 4.83
3 5.53 0.39 4.87 6.17
4 7.08 0.57 6.20 8.03

5 (high) 10.53 1.83 8.07 16.00

2.4. Confounders

Variables that denote factors known to influence both human behaviour and psycho-
logical and social wellbeing, and also where people live and access to green and/or blue
space, were measured using survey responses. These included gender, age, country of
birth, language spoken at home, relationship status, highest educational qualification, an-
nual household income, economic status (e.g., employed, retired, unemployed), perceived
financial difficulties, housing type (e.g., house, flat), and urban/rural. The urban/rural
variable was extended to 15 categories to account for substantial geographical variations
across the states and territories of Australia, differentiating between participants living in
major cities (e.g., Sydney, Melbourne) from those living in regional and rural areas of the
same states (e.g., Rest of New South Wales, Rest of Victoria).

2.5. Statistical Analysis

Cross-tabulations, percentages and means were used to describe the study sample and
the patterning of the total nature space quality scores across participants’ characteristics.
Weighted linear regressions were used to assess associations between the total nature space
quality scores and participants’ characteristics. Separate weighted logistic regressions were
then used to examine associations between each of the nature space visitation and felt
benefit outcomes with the quality scores, adjusting for confounding variables. All analyses
were conducted in Stata V.14 (StataCorp., College Station, TX, USA).
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3. Results

3.1. Sample Description and Differences in Nature Space Total Quality Scores

Weighted descriptive statistics of the study sample are reported in Table 4, as well as
unadjusted mean nature space total quality scores and adjusted coefficients from a weighted
multiple linear regression. The ratio of females to males is almost equal. About 53% of the
sample was aged between 25 years and 54 years. About two-thirds of the sample were born
in Australia and nearly four-fifths did not speak a language other than English at home.
Approximately 71% of the sample were in a couple with or without children, whereas
just over 15% were living in single-person households. University degrees were held by
27.6% of participants whereas the highest qualification for 13.2% was fewer than 12 years
of education. In total, 59% of the sample had annual household incomes up to AUD 100 k,
whereas 34.6% had incomes greater than or equal to AUD 101 k per year. Unemployment
was at 9.5%, retirement at 20.7%, employment at 61.1% and those living with disability
at 2.6%. Employment varied with respect to remote work, with 29.7% having no remote
work option whereas 13.9% working remotely full-time. Nearly 10% of the sample reported
financial difficulty relative to 26.5% who were comfortable. Approximately 37.6% of the
sample was resident in the cities of Sydney or Melbourne, with 66.7% living in major cities.

Table 4. Sample description, mean quality of preferred nearby natural setting, and adjusted differ-
ences, weighted for national representativeness.

Total Sample n = 2940 n (%) Mean (SE) Coef (95%CI) [p-Value]

Gender (ref: Female) 49.4% 5.6 (0.1)
Male 50.5% 6.0 (0.1) 0.432 (0.138, 0.726) [0.004]
Other 0.2% 6.9 (1.2) 0.950 (−1.091, 2.990) [0.361]

Age group (ref: 18–24 years) 10.0% 5.2 (0.3)
25–34 years 18.5% 6.2 (0.2) 0.977 (0.225, 1.729) [0.011]
35–44 years 18.1% 6.2 (0.2) 0.834 (0.105, 1.563) [0.025]
45–54 years 16.3% 5.9 (0.2) 0.764 (0.036, 1.491) [0.040]
55–64 years 15.1% 5.5 (0.1) 0.515 (−0.192, 1.222) [0.153]
65–74 years 14.0% 5.4 (0.2) 0.604 (−0.231, 1.440) [0.156]
≥75 years 6.9% 5.4 (0.2) 0.588 (−0.321, 1.496) [0.205]
Undetermined 1.1% 6.9 (0.9) 1.792 (−0.046, 3.630) [0.056]

Country of birth (ref:
Australia) 66.1% 5.7 (0.1)

Overseas, not
English-speaking 19.1% 5.8 (0.2) −0.392 (−0.946, 0.162) [0.165]

Overseas,
English-speaking 14.7% 5.9 (0.2) 0.161 (−0.296, 0.618) [0.489]

Undetermined 0.2% 7.6 (1.5) 0.638 (−2.987, 4.263) [0.730]
Language other than English
at home (ref: Yes) 20.1% 6.1 (0.2)

No 79.9% 5.7 (0.1) −0.375 (−0.946, 0.196) [0.198]
Relationship status (ref:
Living alone) 15.2% 5.5 (0.2)

Alone with kids 6.9% 5.6 (0.3) 0.232 (−0.426, 0.890) [0.489]
Couple without kids 27.7% 5.6 (0.1) 0.139 (−0.287, 0.565) [0.521]
Couple with kids 43.4% 6.0 (0.1) 0.413 (−0.037, 0.864) [0.072]
Cohabiting, unrelated 2.7% 6.3 (0.4) 0.592 (−0.212, 1.397) [0.149]
Other 4.1% 4.9 (0.4) −0.576 (−1.380, 0.228) [0.160]

Highest educational
qualification (ref: <Year 12) 13.2% 5.5 (0.2)

Year 12 19.0% 5.6 (0.2) −0.020 (−0.574, 0.533) [0.943]
Advanced

diploma/certificate 37.2% 5.7 (0.1) 0.069 (−0.385, 0.522) [0.767]

Bachelor degree 18.8% 6.2 (0.1) 0.334 (−0.182, 0.850) [0.204]
Postgraduate degree 8.8% 6.1 (0.1) 0.195 (−0.360, 0.751) [0.491]
Undetermined 3.0% 5.0 (0.3) −0.310 (−1.008, 0.388) [0.384]
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Table 4. Cont.

Total Sample n = 2940 n (%) Mean (SE) Coef (95%CI) [p-Value]

Annual household income
(ref: ≤50 K) 27.1% 5.5 (0.1)

AUD 51 K–AUD 100 K 31.9% 5.7 (0.1) −0.135 (−0.530, 0.259) [0.501]
AUD 101 K–AUD 150 K 18.0% 6.1 (0.2) −0.115 (−0.627, 0.396) [0.658]
≥AUD 151 K 16.6% 6.1 (0.2) −0.136 (−0.776, 0.503) [0.675]
Undetermined 6.4% 5.4 (0.3) −0.337 (−0.996, 0.322) [0.316]

Economic status (ref:
Employed, never remotely) 29.7% 5.8 (0.2)

Employed, work remotely
sometimes 11.0% 6.0 (0.2) 0.091 (−0.469, 0.650) [0.751]

Employed, work remotely
often 6.5% 6.2 (0.3) 0.228 (−0.386, 0.842) [0.466]

Employed, work remotely
always 13.9% 6.3 (0.2) 0.210 (−0.281, 0.701) [0.402]

Unemployed 9.5% 5.3 (0.3) −0.377 (−0.993, 0.239) [0.231]
Retired 20.7% 5.4 (0.1) −0.183 (−0.758, 0.393) [0.534]
Disabled 2.6% 4.9 (0.3) −0.636 (−1.325, 0.053) [0.070]
Other 5.3% 5.9 (0.3) 0.121 (−0.505, 0.747) [0.705]
Undetermined 0.9% 6.6 (0.7) 0.812 (−0.615, 2.238) [0.265]

Economic difficulty (ref:
Comfortable) 26.5% 6.2 (0.1)

Doing ok 44.2% 5.7 (0.1) −0.460 (−0.809, −0.111)
[0.010]

Getting by 19.3% 5.6 (0.2) −0.560 (−0.990, −0.131)
[0.011]

Difficult 9.9% 5.3 (0.2) −0.801 (−1.398, −0.205)
[0.009]

Undetermined 0.2% 3.8 (0.5) −2.308 (−3.715, −0.902)
[0.001]

Housing (ref: House) 75.0% 5.8 (0.1)
Flat 17.7% 6.0 (0.2) 0.335 (−0.089, 0.760) [0.122]

Farmhouse 5.2% 4.8 (0.3) −0.936 (−1.470, −0.403)
[0.001]

Retirement village 0.9% 5.4 (0.5) −0.202 (−1.300, 0.895) [0.718]
Other 1.2% 5.3 (0.7) −0.044 (−1.305, 1.217) [0.945]

Geographic area (ref: Greater
Sydney) 18.8% 5.8 (0.2)

Rest of New South Wales 13.2% 5.4 (0.2) −0.072 (−0.603, 0.459) [0.790]
Greater Melbourne 18.8% 6.2 (0.2) 0.352 (−0.141, 0.845) [0.162]
Rest of Victoria 7.4% 5.5 (0.3) 0.006 (−0.610, 0.623) [0.984]
Greater Brisbane 11.1% 5.6 (0.2) −0.106 (−0.699, 0.487) [0.726]
Rest of Queensland 8.9% 5.8 (0.2) 0.182 (−0.387, 0.752) [0.530]
Greater Adelaide 5.7% 5.6 (0.3) −0.016 (−0.649, 0.617) [0.960]
Rest of South Australia 1.3% 6.1 (0.5) 0.508 (−0.588, 1.604) [0.363]
Greater Perth 10.3% 6.0 (0.2) 0.173 (−0.407, 0.752) [0.559]
Rest of Western Australia 1.5% 5.1 (0.5) −0.319 (−1.362, 0.724) [0.549]
Greater Hobart 0.7% 6.6 (0.6) 1.027 (−0.191, 2.245) [0.098]
Rest of Tasmania 1.0% 5.8 (0.5) 0.372 (−0.632, 1.377) [0.467]
Greater Darwin 0.2% 5.0 (1.0) −0.763 (−2.610, 1.083) [0.418]
Rest of Northern Territory 0.0% 5.4 (1.1) −0.533 (−2.139, 1.072) [0.515]
Australian Capital

Territory 1.1% 5.3 (0.4) −0.140 (−1.060, 0.779) [0.765]

Constant 5.330 (4.178, 6.482) [<0.001]
SE: Standard Error; 95%CI: 95% Confidence Interval; Note: all means, standard errors, regression coefficients and
95% confidence intervals are weighted for national representativeness.

The mean nature quality scores tended to be higher among males in comparison with
females (Table 4). Mean nature quality scores also tended to be higher among participants
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aged 25–54 years in comparison to those aged 18–24 years, participants who felt their finan-
cial circumstances were comfortable relative to those who were not, and those in houses or
flats relative to a farmhouse. Variations in mean nature space quality scores between other
demographic and socioeconomic groups were small and not statistically significant.

3.2. Associations between Nature Space Quality Scores and Visitation and Felt Benefits

Higher quintiles of nature space total quality scores were consistently and positively
associated with each of the visitation and felt benefit outcome variables, after adjustment
for confounding variables and weighted for national representativeness (Figure 1).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Q5 (high)
Q4
Q3
Q2

Q5 (high)
Q4
Q3
Q2

Q5 (high)
Q4
Q3
Q2

Q5 (high)
Q4
Q3
Q2

Q5 (high)
Q4
Q3
Q2

Q5 (high)
Q4
Q3
Q2

Odds Ratio (95% Confidence Interval)

>120 minutes a week in nature

Visited preferred nearby natural setting at least once a week for the last 4 weeks

Visited nature more often since the onset of the COVID-19 pandemic than before

Nature has helped me stay connected with my neighbours during the COVID-19 pandemic

Nature has helped me to find solace during the COVID-19 pandemic

I visit nature to walk and exercise more often during the COVID-19 pandemic than before 

Nature space quality
Q1 (low)

Nature space quality
Q1 (low)

Nature space quality
Q1 (low)

Nature space quality
Q1 (low)

Nature space quality
Q1 (low)

Nature space quality
Q1 (low)

Figure 1. Adjusted associations between nature space total quality scores and visitation and felt
benefits, weighted for national representativeness.
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In comparison with quintile 1 (i.e., lowest quality), participants in quintile 5 (i.e.,
highest quality) had 3.4 times greater odds of spending two hours or more in nature a
week (odds ratio [OR] 3.40, 95% confidence interval [95%CI] 2.38–4.86), 3.9 times greater
odds of visiting their nearby preferred nature setting at least once a week for the last four
weeks (OR 3.90, 95%CI 2.77–5.47), and 3.9 times greater odds of reporting that they visit
green and blue spaces more often now than before the COVID-19 pandemic (OR 3.90,
95%CI 2.54–5.99). In order of magnitude, participants in quintile 5 compared with quintile
1 for nature space total quality scores had 9.5 times greater odds of reporting that time
in nature had been a source of solace during the pandemic (OR 9.49, 95%CI 6.73–13.39;
wider confidence intervals are in part indicative of smaller sample sizes), 5.3 times greater
odds of reporting that green and blue spaces had enabled them to stay connected with
their neighbors (OR 5.30, 95%CI 3.46–8.11), and 3.9 times greater odds of reporting more
engagement in physical activity now than before the pandemic (OR 3.88, 95%CI 2.57–5.86).

Associations between each nature space quality domain and the six visitation and
felt benefit outcome variables are reported in Table 5. Models were initially fitted for
each outcome and quality domain score separately, followed by models that adjusted for
all quality domain scores simultaneously. Every quality domain score was associated
with more favorable outcomes when analyzed in isolation and adjusted for confounding.
Many domains were no longer statistically significantly associated with the outcomes after
adjusting for other domains. Potential usage was the only domain that was consistently
associated with increased odds of all outcomes. The magnitude of odds ratios for potential
usage were also consistently larger than in other domains. The access domain was only
associated with taking exercise in nature more often than before the COVID-19 pandemic.
Aesthetics, facilities and incivilities were not associated with any of the outcomes, while
amenities were only associated—negatively—with the odds of spending at least two hours
a week in nature. Higher levels of safety were important for both achieving at least two
hours a week in nature and for visiting the preferred nearby natural setting at least once
a week for the last four weeks, but not for any of the other outcomes. The social domain
was positively associated with staying connected, finding solace, and taking more physical
activity in nature, but none of the visitation-focused outcomes.

Table 5. Adjusted associations between qualities of nearby natural settings and visitation and felt
benefits, weighted for national representativeness.

Single Quality Domain Model Multi Quality Domain Model

Visitation and felt benefit Odds Ratio (95% Confidence Interval) [p-value]
≥120 min a week in nature

Access 1.408 (1.145, 1.732) [0.001] 0.864 (0.652, 1.145) [0.310]
Aesthetics 1.921 (1.594, 2.314) [<0.001] 1.062 (0.838, 1.345) [0.619]
Amenities 1.391 (1.121, 1.727) [0.003] 0.721 (0.540, 0.962) [0.026]
Facilities 1.610 (1.299, 1.997) [<0.001] 0.926 (0.670, 1.278) [0.639]
Incivilities 1.524 (1.302, 1.785) [<0.001] 1.029 (0.825, 1.285) [0.797]
Potential usage 3.631 (2.803, 4.704) [<0.001] 3.510 (2.434, 5.062) [<0.001]
Safety 1.759 (1.464, 2.114) [<0.001] 1.402 (1.143, 1.719) [0.001]
Social 1.823 (1.491, 2.230) [<0.001] 1.242 (0.943, 1.634) [0.122]

Visited preferred nearby natural setting at least once a week for the last 4 weeks
Access 2.067 (1.491, 2.864) [<0.001] 1.235 (0.814, 1.876) [0.321]
Aesthetics 2.156 (1.600, 2.904) [<0.001] 0.974 (0.679, 1.397) [0.887]
Amenities 1.730 (1.203, 2.489) [0.003] 0.748 (0.493, 1.135) [0.172]
Facilities 1.913 (1.387, 2.638) [<0.001] 0.930 (0.601, 1.437) [0.742]
Incivilities 1.499 (1.192, 1.886) [0.001] 0.798 (0.599, 1.064) [0.125]
Potential usage 5.399 (3.408, 8.553) [<0.001] 5.521 (3.020, 10.094) [<0.001]
Safety 2.255 (1.649, 3.082) [<0.001] 1.782 (1.268, 2.506) [0.001]
Social 1.988 (1.425, 2.773) [<0.001] 1.108 (0.726, 1.693) [0.634]

Visited nature more often since the onset of the COVID-19 pandemic than before
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Table 5. Cont.

Single Quality Domain Model Multi Quality Domain Model

Access 1.683 (1.352, 2.095) [<0.001] 1.148 (0.876, 1.505) [0.317]
Aesthetics 1.685 (1.398, 2.031) [<0.001] 1.039 (0.811, 1.330) [0.764]
Amenities 1.599 (1.274, 2.008) [<0.001] 0.964 (0.723, 1.285) [0.802]
Facilities 1.729 (1.378, 2.171) [<0.001] 1.043 (0.759, 1.433) [0.795]
Incivilities 1.373 (1.159, 1.627) [<0.001] 0.868 (0.699, 1.079) [0.203]
Potential usage 2.821 (2.205, 3.611) [<0.001] 2.405 (1.695, 3.412) [<0.001]
Safety 1.359 (1.137, 1.624) [0.001] 1.071 (0.886, 1.294) [0.480]
Social 1.792 (1.476, 2.176) [<0.001] 1.248 (0.964, 1.615) [0.092]

Nature has helped me stay connected with my neighbours during the COVID-19 pandemic
Access 1.819 (1.492, 2.216) [<0.001] 1.191 (0.921, 1.539) [0.182]
Aesthetics 1.913 (1.599, 2.290) [<0.001] 1.188 (0.944, 1.495) [0.142]
Amenities 1.697 (1.370, 2.102) [<0.001] 0.907 (0.694, 1.186) [0.476]
Facilities 1.840 (1.486, 2.279) [<0.001] 0.877 (0.656, 1.173) [0.377]
Incivilities 1.688 (1.434, 1.986) [<0.001] 1.084 (0.882, 1.330) [0.444]
Potential usage 2.863 (2.279, 3.598) [<0.001] 1.699 (1.227, 2.351) [0.001]
Safety 1.515 (1.280, 1.793) [<0.001] 1.147 (0.956, 1.377) [0.139]
Social 2.304 (1.897, 2.798) [<0.001] 1.670 (1.285, 2.171) [<0.001]

Nature has helped me to find solace during the COVID-19 pandemic
Access 2.200 (1.804, 2.682) [<0.001] 1.134 (0.864, 1.489) [0.365]
Aesthetics 2.698 (2.258, 3.224) [<0.001] 1.124 (0.892, 1.416) [0.322]
Amenities 2.193 (1.784, 2.696) [<0.001] 0.885 (0.667, 1.175) [0.398]
Facilities 2.215 (1.804, 2.720) [<0.001] 0.805 (0.588, 1.101) [0.174]
Incivilities 2.039 (1.757, 2.366) [<0.001] 1.112 (0.904, 1.370) [0.315]
Potential usage 8.275 (6.330, 10.816) [<0.001] 6.358 (4.494, 8.996) [<0.001]
Safety 1.792 (1.519, 2.114) [<0.001] 1.205 (0.998, 1.456) [0.053]
Social 2.583 (2.137, 3.122) [<0.001] 1.311 (1.008, 1.705) [0.044]

I visit nature to walk and exercise more often during the COVID-19 pandemic than before
Access 2.001 (1.605, 2.494) [<0.001] 1.418 (1.081, 1.860) [0.012]
Aesthetics 1.805 (1.502, 2.170) [<0.001] 1.120 (0.875, 1.432) [0.369]
Amenities 1.706 (1.361, 2.137) [<0.001] 0.952 (0.715, 1.267) [0.736]
Facilities 1.819 (1.452, 2.278) [<0.001] 0.948 (0.689, 1.304) [0.743]
Incivilities 1.441 (1.218, 1.706) [<0.001] 0.860 (0.693, 1.068) [0.172]
Potential usage 2.966 (2.336, 3.765) [<0.001] 2.163 (1.534, 3.051) [<0.001]
Safety 1.427 (1.193, 1.707) [<0.001] 1.100 (0.910, 1.330) [0.325]
Social 1.980 (1.629, 2.407) [<0.001] 1.363 (1.047, 1.774) [0.021]

SE: Standard Error; 95%CI: 95% Confidence Interval; All models weighted for national representativeness
and adjusted for gender, age group, country of birth, language spoken at home, relationship status, highest
educational qualification, annual household income, economic status, perceived financial difficulty, housing
status, and geographic region.

4. Discussion

Key findings from this study affirm our hypothesis on the importance of having higher
quality green and blue spaces nearby and their positive role in enabling people to keep
connected with their neighbours, feel a sense of solace and maintain or increase their level
of physical activity during the COVID-19 pandemic. These results present a major advance
in research on nature and various aspects of mental, physical and social health experienced
during the pandemic that has largely ignored the issue of quality [28]. Our results show—as
many already suspected—that simply having green and/or blue space nearby is not always
sufficient to elicit favorable outcomes [38,44]. This is perhaps no more vividly illustrated
than the over nine-fold increase in the odds of finding solace through nature during the
pandemic where those natural settings were of the highest quality quintile versus the
lowest. The dose–response patterns for each of the outcomes with respect to the overall
quality of nearby nature spaces demonstrate how this is not a curvilinear effect, with higher
quality scores and odds of favorable outcomes following positive linearity.

Analyzing separate domains of nature space quality revealed which ones appeared
to be of greater importance to specific outcomes. This is important as a common policy-

151



Land 2022, 11, 904

relevant area for improvement with current research on perceived green space quality and
various health outcomes is that data are often insufficient to discern which qualities matter
most and least [45,46]. It was notable that the domain describing potential usage was
consistently and positively associated with visitation and felt benefits. This is expected, as
indicators in this domain emphasized nature as a setting for rest, recuperation, restoration
of depleted cognitive resources, physical activity and as a play space for children. These
indicators might attend more to some participants’ intrinsic motivations for seeking time in
nature in comparison to other domains where descriptive elements are present, but might
not necessarily be of fundamental importance to the individual responding. This domain
and others that were associated with some outcomes but not all, such as the safety and
social domains, appeared to be more important than others, such as incivilities, facilities
and aesthetics that were no longer statistically significant in multi-domain models. To some
extent, this will be due to partial overlap between each of the domains, most notably for
the aesthetics and potential usage domains; the presence of wildlife and other cues that
prompt interest and exploration in the aesthetic domain are concomitant with the desire to
feel away from the day-to-day routine of cognitive demands.

Our survey included a partial assessment of biodiversity through a single indica-
tor. This is important as there are now several studies indicating how objective and
subjectively-measured biodiversity of green spaces (e.g., presence of birds and species
diversity indicators) may be an important conduit by which some mental health benefit
occurs [47–50], not least through attending to people’s preferences [51]. However, the
present indicator likely only grazes the surface of this concept and this is an area in need of
further research. Similarly, it is also plausible that some of the domains, such as incivilities,
might be underpowered, given its current single-item focus on quality and maintenance,
wherein specific issues might resonate strongly with some people (e.g., the presence of
dog feces on grass). So too might be the access domain, with its focus more on getting to
the natural space, rather than the accessibility within it, which might be especially impor-
tant for people with physical limitations or disabilities [52–54]. Curiously, the amenities
domain was statistically significantly and negatively associated with time in nature and
non-significantly negatively associated with all other outcomes after adjusting for other
domains. Caution is needed in interpreting this result. On one hand, it may be driven by
multicollinearity, but on the other, negative association may be due to some people actively
avoiding natural settings that are within close proximity to retail strips and similar that
may attenuate their restorative experiences while in nature. For instance, while some work
indicates that non-natural sounds emanating from automobiles, trucks and other elements
concomitant with commercial (and industrial) landscapes may be soothed by being in na-
ture via psychoacoustic pathways [55,56], it is unclear if such annoyances are ameliorated
entirely. Furthermore, other physical cues that are either located nearby or encroach within
natural settings, such as neon signage to advertise workplaces and fast-food restaurants,
may also be a source of distraction (perhaps, even irritation) for many people when visiting
nature for rest and escape from the day-to-day demands in life.

A third key finding was that the degree of the socioeconomic gradient in the availability
of quality nature spaces was atypical, with total quality scores being only slightly higher
on average for people with university-level qualifications or annual household incomes
over AUD 150 k. These differences were not statistically significant in fully adjusted
models. However, importantly, there was a somewhat greater gap in mean total quality
scores between people whose financial situation was difficult, in comparison with those
whose situation was more comfortable. These differences remained statistically significant
after adjustment. How a person feels about their financial situation is important and
often overlooked in epidemiological studies of person-level data that tend to rely on
education, income, and in some contexts, occupational class [57,58]. While difficult financial
circumstances were more common in participants with less than 12 years of education
versus those with a bachelor’s degree (9.9% vs. 6.7%) or among those with AUD 50 k
per annum or less versus those with AUD 151 k per annum or greater (17.8% vs. 2.63%),
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clearly there are situations in which those with higher qualifications and income categories
may also be living under major financial strain and vice versa. This variable, therefore,
provides more incisive utility for accounting for socioeconomic circumstances than other
more routinely-used variables. However, it is also worth noting that how people perceive
the quality of their nearby green and blue spaces may be, in part, influenced by the levels
of financial and psychological strain under which they are presently living. Accordingly,
further work might examine to what extent changes in perceived financial circumstances
among people whose socioeconomic circumstances remain consistent, as measured by
income and education (etc.), may influence how they perceive the natural spaces they
have nearby.

It is worthwhile noting that although our survey was able to measure time spent
in nature, which is important as previous studies have indicated [59,60], we did not
have information on what survey participants did in those spaces specifically beyond the
outcomes already analyzed. For instance, some people may have visited specific parks on
Saturdays to engage with other local community members in the Parkrun movement, which
various studies indicate provides opportunities for volunteering and social connection,
as well as physical activity [61–63]. For many people, especially during the COVID-19
pandemic, cemeteries may have played a key role in giving people opportunities to be
outdoors and connect, if not with each other, then with loved ones no longer around [64].
Others may have visited natural settings they regard as special places, perhaps due to
childhood memories [65,66] or as providing opportunities to do things they feel unable to at
home, such as connecting with peers through allotment gardens [67,68]. Further qualitative
research and maybe further survey analysis are needed to better understand the roles in
which specific types of green space and their qualities have aided coping and restoration
through the pandemic.

An additional layer to this research is the well-reported socioeconomic inequities in
green space and blue space availability and qualities are likely to reflect, in part, personal
preferences, financial capacities and willingness to pay to live near these health-promoting
resources. The intersection between these economic issues and the epidemiological litera-
ture remains a gap in knowledge, though research was carried out on these aspects. For
example, Johnson and Thomassin [69] provided a model to estimate the willingness to
pay for surface water quality improvements by recreational users. Further investigation
utilizing longitudinal data capable of tracking changes in the qualities of green and blue
spaces that occur and impacts on both the health of local residents and on population flows
in and out of the areas nearby is warranted.

Beyond the strengths and limitations already discussed, this study benefits from a large
and nationally representative sample of the Australian adult population, covering all states
and territories. The survey contained a large range of variables used to describe green and
blue spaces, permitting the identification of nature space qualities and the development
of an overall score from domains established by a published study that focused on in-
person auditing of parks [42]. All descriptive statistics and models were adjusted using
a comprehensive set of confounding variables and also weighted to ensure parameter
estimates that can be extrapolated to the adult population of Australia. The analyses use
data of cross-sectional design and so the associations reported should not be interpreted as
definitively revealing cause and effect. Follow-up of the same individuals over time will
enable stronger epidemiological study designs with which to minimize the potential for
reverse causation, wherein individuals more prone to poorer health are socioeconomically
disadvantaged in part because of their circumstances and move into areas with poorer
quality green and blue spaces as a result. These data and follow-up of the same individuals
will also permit opportunities to study the longer-term impacts of the COVID-19 pandemic
and to identify the extent to which different types of nature, preferential elements of it and
ways in which people interact with it have supported recovery and flourishing.
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Abstract: The COVID-19 pandemic has changed and influenced people’s attitudes and behaviors
toward visiting green spaces. This paper aims to explore the association between residents’ health
and urban green spaces (UGS) through an in-depth study of changes in residents’ use of UGS under
the influence of the COVID-19 pandemic. The Wuhan East Lake Greenway Park was selected as
the location for the field survey and in-depth interviews. At the same time, an online survey was
also conducted (total number = 302) regarding participants’ physical and mental health and their
attitude and behavior toward the UGS. A paired sample t-test and binary logistic regression were
performed to investigate the association between participants’ health and UGS during COVID-19.
The results show that: (1) the COVID-19 pandemic has primarily changed the leisure patterns of
parks, with potential impacts on the physical and mental health of participants; (2) the purpose,
frequency, timing, and preferred areas of participants’ park visits have changed to varying degrees
after the pandemic, highlighting the important role and benefits of UGSs; (3) the physical and mental
health of participants and urban development issues reflected by UGS use are prominent. This study
reveals that awareness of the construction and protection of UGSs is an important prerequisite for
ensuring the health of urban residents.

Keywords: postpandemic era; urban green space; green landscape; residents’ health

1. Introduction

There is a growing body of literature that recognizes the importance of urban green
spaces (UGS) for residents’ lives and well-being [1–4]. The rapid outbreak of novel coro-
navirus (COVID-19) pandemic has fundamentally changed people’s lives and greatly
impacted their daily lives [5,6]. Although most studies have focused on morbidity and
mortality studies related to the disease, the physical and mental health [7,8] aspects of the
residents are worthy of more study [9].

UGSs provide multiple ecosystem services [10] and are of great value. Not only do
they benefit human physical and mental health and social development, but these roles
may be amplified in special times [4,11,12]. A lot of pieces of evidence have shown that
the unavailability and absence of UGSs, social isolation, and blockades during COVID-19
have a negative impact on mental health [13], presenting varying degrees of anxiety, anger,
fear, irritability, reduced well-being, and other negative emotions [14–16], and increasing
the risk of mental health disorders [17]. On the other hand, exposure to blue–green space
is beneficial for physical and mental health [18,19], relieves stress [3], reduces anxiety,
improves attention recovery [20], and increases well-being and satisfaction. To some extent,
it increases motivation to exercise and enhances physical activity, thus reducing diseases
such as obesity, hypertension, and hyperlipidemia [21–23]. A large proportion of the
population believes that the pandemic greatly affected physical activity levels and physical
health, and tries to restore physical function and relieve psychological stress by increasing
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walking exercise [24–27]. The aforementioned positive and negative effects are closely
associated with the resident and ultimately manifest visually as changes in resident use
behaviors and attitudes.

Behaviors and patterns of UGS use changed quietly as a result of the COVID-19 pan-
demic. During the Tokyo Shinkansen epidemic, older adults, elementary school students,
and others experienced lifestyle changes, lack of exercise, stress accumulation, and de-
creased well-being [15]; park use and associated mental health patterns among college
student populations during the pandemic raised concerns, with some studies suggesting
that young people were more likely to experience negative emotions such as stress, anxiety,
and depression [13,28–30]. Some studies have shown significant increases in park visita-
tion [4,31] and increased park use [6,32,33], while some urban parks have seen decreases in
visitor numbers [34], decreases in public space engagement, and reduced risk of epidemic
prevention and control with the use of public urban green spaces [35]. These conflicting
and changing uses need to be studied by more in-depth investigations.

The pandemic is reflected in differences in attitudes and behaviors of different groups
in UGSs [26]. Additionally, the uneven distribution of UGSs at particular times can also
cause changes in user behavior. Wuhan was one of the first cities to experience a major
outbreak of the COVID-19 pandemic, and it went through a three-month lockdown. To
understand the actual changes in the use of UGSs before and after the pandemic, we
conducted a questionnaire survey in Wuhan’s largest, most environmentally friendly, and
most well-known green space, called East Lake, after the announcement of Wuhan’s “lifting
of the city lockdown” on 18 April 2020. The COVID-19 erupted in January 2020 and Wuhan
lifted the lockdown in April 2020. Therefore, in the study, the “pre” refers to the time
before January 2020, while the “post” refers to the time after April 2020. This survey
intends to examine the changes in the relationship between UGSs and residents’ health
under the COVID-19 pandemic from the perspective of changes in residents’ use behavior.
Survey analysis was conducted to answer the above hypotheses based on the specific
performance of residents of different ages, genders, occupations, and statuses in terms of
their attitudes and behavioral patterns of use. First, sociodemographic information was
collected to classify the population of users; then, the specific changes in residents’ use of
urban parks were used to study the deeper associations during the pandemic; and finally,
the changing patterns of attitudes and behaviors of use were explored to consider the
construction of UGSs.

2. Research Methods and Data Collection

2.1. Questionnaire Survey

To investigate the specific changes in residents’ use of UGSs before and after the
COVID-19 pandemic, a combination of field and online surveys was conducted in the paper.
For the field survey, the respondents were selected from the core areas of five different
scenic spots in East Lake and filled in voluntarily for 6–10 min by the respondents in an
informed manner. During this field survey, a total of 297 questionnaires were distributed.
The online method is more effective and easier for people to visualize the various options.
An online questionnaire was distributed via WeChat to groups who had visited East Lake
to ensure that the groups researched had realistic feelings about the use of the UGS. As
a result, a total of 38 participants responded to the online questionnaire. The choice of
an online survey is based on three main considerations. (1) Due to the development
of the times, the popularity of digital devices and the internet has changed the daily
life of a large part of the population, and the internet is increasingly used, especially by
young people, to reach a large number of people through social media (WeChat) posting
and forwarding. (2) Field surveys are often influenced by many factors, while an online
survey is more convenient and faster to disseminate. (3) The no-contact approach is more
popular due to epidemics. However, the online survey cannot comprehensively collect
information from all kinds of people, especially those who cannot use electronic devices
(elderly, students, etc.), resulting in insufficient data samples. Moreover, this method also
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cannot conduct interviews. Therefore, we decided to conduct multiple field surveys to
obtain more realistic and effective information.

The questionnaire was designed to assess three main types of information: sociodemo-
graphic, self-ratings of the residents’ physical and mental health, and the use of UGSs. In
the first part, sociodemographic information was collected to map the personal situation
of the residents to connect with the information that follows [1,36,37]. In the second part,
the self-rated questionnaire was used to capture the physical and mental health status of
the participants, and then the results were classified and analyzed [36,38]. In the third part,
six factors, including purpose of visit, frequency of visit, mode of transportation, mode
of travel, area visited, and duration of stay, which is the most intuitive and reflective of
changes in UGS use, were selected for question setting to collect changes in use [6,39–42].
Table 1 shows the questionnaire content of residents’ self-rating of their physical and mental
health, as well as their attitudes and behavior toward green space. For the above self-rated
questionnaire, the five-point Likert Scale Method was introduced to capture the intensity
of participants’ feelings for a given item, which means participants would choose one of
five levels (for example, 1 = worse, 2 = poor, 3 = general, 4 = good, 5 = better) for a series of
statements on a symmetric agree–disagree scale.

This round of research was conducted from March 2021 to November 2021, and the
questionnaires were distributed and collated during the period when the pandemic was
relatively stable and the contrast between before and after the COVID-19 pandemic was
more obvious. A total of 335 questionnaires were distributed during this period, and
302 valid questionnaires were returned, with an efficiency rate of 90.1%.

2.2. Field Trips
2.2.1. Location Selection

The Wuhan East Lake Greenway, which has a superior natural environment and
convenient transportation, was chosen as the research object. It is located in the Wuhan East
Lake Scenic Area which is situated in the eastern part of the city. It is the largest internal
urban park in Wuhan, serving a large part of the city, and is a representative of UGSs with
a large volume.

The planning and construction are based on “Eco-Wuhan” to create a world-class
greenway around the lake. Relying on humanistic and historical resources, rich in natural
resources, Bruno Deacon, an official of UN-Habitat, called it a model. With a total length
of 101.98 km and a width of 6 m, the East Lake Greenway connects five scenic spots of
the East Lake, which is shown in Figure 1. With its unique natural scenery, historical and
cultural heritage, biological diversity, plant diversity, and functional diversity, it attracts
more than 40 million people and has become a preferred place for residents to travel, relax,
and interact outdoors.

2.2.2. Field Research

Considering the general context of the pandemic and the specificity of public space
use, priority was given to on-site behavioral observation, questionnaire distribution, tar-
geted in-depth interviews, green space landscape classification, local staff interviews and
consultations, and photo documentation to collect on-site information. In the on-site
research, the following two aspects were specifically addressed. First, the participants
were classified using the observation method to determine whether they were permanent
residents by their behavior. For example, if residents exhibit behaviors such as excessive
photo-taking, sightseeing, and punching in, we classified these residents as nonlocals, and
they were filtered out in our questionnaire. Second, after the interviewees were identified,
inquiries were made and targeted interviews were conducted. Finally, the identities of all
the interviewees were classified, and many effective interview results were obtained.
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Figure 1. Scenic spot distribution map. (1 Tingtao scenic area; 2 Baima scenic area; 3 Luoyan scenic
area; 4 Moshan scenic area; 5 Chuidi scenic area).

2.3. Statistical Analysis

The descriptive statistics were used to obtain and summarize the sociodemographic
characteristics of the participants, their health status, and urban park use before and after
the COVID-19 pandemic. For the changes in participants’ health and urban park use, the
paired sample t-test was utilized to quantitatively analyze the impact of the pandemic on
them, assuming as a null hypothesis that the pandemic would not affect the participants’
health and urban park use.

To analyze the relationship between the existing changes and sociodemographic char-
acteristics of the participants, binary logistic regression was carried out for two trends of
changes in residents’ health, separately: the increasing trend and the decreasing trend. For
the former case, the dependent variable (participants’ health increased after the pandemic)
was set to 1, and those that remained unchanged or decreased were set to 0. Similarly, for
the latter case, the dependent variable (participants’ health decreased after the pandemic)
was set to 1, and those that remained unchanged or increased were set to 0. Regarding
independent variables, several binary variables and categorical scale variables were in-
cluded. For gender, the male was set to 1 and female was set to 0. For the income trend, the
increase was set to 1 and the reduction was set to 0. In other binary variables (including
identity, marital, housing ownership, change of income), 1 means yes, and 0 means no.
The categorical scale variables (including age, years of residence, education, occupation,
income, and evaluation of green space near home or in the park) were used as ordinal
value scales.

The paired sample t-test and binary logistic regression were performed through the
statistical analysis software SPSS 26.0.

3. Result and Analysis

3.1. Sociodemographic Characteristics

As the central city of central China, Wuhan has 11 million residents [43]. Table 2 shows
some basic information about the residents of Wuhan. Among them, males accounted for
50.8%, and females for 49.2%. Excluding the elderly aged over 60, the group aged 30–39 has
the highest percentage of the population, at 19.45%. Meanwhile, 33.87% of the residents
have bachelor’s degrees or above.
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Table 2. Basic sociodemographic characteristics of Wuhan residents.

Demographic Variable Percentage (%)

Gender
male 50.8

female 49.2

Age

<10 11
10–20 7.22
20–29 11.98
30–39 19.45
40–49 13.61
50–59 15.46
≥60 21.23

Education

primary Schools 13.65
junior High School 25.34

high School 19.69
bachelor’s degree or above 33.87

other 7.45
source url: The basic sociodemographic characteristics of Wuhan residents were obtained from the Hubei Provin-
cial Statistics Bureau website. (https://tjj.hubei.gov.cn/tjsj/sjkscx/tjnj/gsztj/whs/, accessed on 27 June 2022).

Table 3 shows the sociodemographic characteristics of participants. Of the 335 ques-
tionnaires distributed, a total of 302 valid responses were collected with a final response
rate of 90.1%. The participation rate of males (62.25%) was much higher than that of females
(37.75%), and the respondents were mainly from 20–29 years old, accounting for 41.06% of
the total. Most of them are permanent residents (78.15%), and most of them have their
own houses (57.95%). Most of the participants are well educated (68.54% with a bachelor’s
degree or above) and have a stable job. The average monthly income is concentrated in the
range of RMB 5000–8000 (30.46%) and over RMB 8000 (30.46%). Due to the impact of the
COVID-19 pandemic, the salary of nearly half of the participants (43.71%) has changed, of
which 77.27% were less than before the pandemic.

Table 3. The statistical results on the sociodemographic characteristics of the participants.

Demographic Variable N Percentage (%)

Gender
male 188 62.25

female 114 37.75

Age

<10 0 0
10–20 29 9.6
20–29 124 41.06
30–39 70 23.18
40–49 32 10.6
50–59 37 12.25
≥60 10 3.31

Identity permanent residents 236 78.15
nonpermanent residents 66 21.85

Marital
married 126 41.72

unmarried 176 58.28

Housing ownership home ownership 175 57.95
rental housing 127 42.05

Years of Residence
<1 year 29 9.6

1–3 years 76 25.17
>3 years 197 65.23

Education
high school and below 32 10.6

technical college 63 20.86
bachelor’s degree or above 207 68.54

Occupation

regular occupation 154 50.99
freelance 67 22.19

retired 13 4.3
current students 68 22.52
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Table 3. Cont.

Demographic Variable N Percentage (%)

Income/month

<1550 42 13.91
1550–3500 32 10.6
3500–5000 44 14.57
5000–8000 92 30.46

>8000 92 30.46

Change of income yes 132 43.71
no 170 56.29

Income trend
increase 30 22.73
reduce 102 77.27

3.2. Self-Rating of Physical and Mental Health

Numerous studies have confirmed that the presence of UGSs contribute to improved
quality of life in many ways. In addition to some environmental and ecological services,
cities naturally provide important social and psychological benefits to human society,
enriching the meaning and emotion of human life [12]. The visit to UGSs has a positive
promotion effect on physical and mental health [44]; conversely, it will also produce a
certain degree of fear and pain of negative emotions, and eventually lead to an increase in
anxiety, depression, and other mental diseases [45].

In this study, a self-rated questionnaire was used to obtain the physical and mental
health status of the participants, and the results are shown in Figure 2. Additionally, the
paired sample t-test revealed that postpandemic physical and mental health levels have
both decreased significantly (for physical health: t = 5.025, p = 0.000; for mental health:
t = 6.949, p = 0.000). In terms of physical health, the number of participants who felt
their physical and mental health status is “fair poor” and “average” has increased, and
conversely, the number of participants who felt their health status is “fair good” and “good”
has decreased. In addition, the changing trend in mental health also decreased significantly.
The result also proved that the pandemic has a certain impact on participants’ attitudes and
behavior changes in park use and that it is consistent with speculation and existing research
that the pandemic has a direct or indirect impact on physical and mental health [18].

 

Figure 2. Self-rated comparison chart of physical health (left) and mental health (right).

3.3. Urban Park Usage

Changes in the use of urban parks were investigated from four perspectives: visit
purpose, visit frequency, accompany mode, and visit duration of the parks, and the results
are shown in Figure 3. Additionally, the paired sample t-test results of different perspectives
are shown in Table 4, in which the visit purpose is not tested because it is a multiple-choice
question. These results illustrated that the user behavior and attitude of urban parks
changed under the pandemic:
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(1) Compared with the changes in the purpose of participants visiting parks before and
after the pandemic, the majority of participants choose to “relax”, “relieve pressure”,
and “exercise” after the pandemic, and it is worth noting that “relax” become the first
choice. Secondly, the number of participants who choose to “relieve pressure” has
increased significantly, which has become an important purpose for participants to
go to parks after the pandemic, reflecting the impact of the pandemic on participants’
mental health and the enhanced recreational use of UGSs.

(2) In terms of the frequency of visits, it remained stable, but the number of participants
who choose to visit “often” and “almost every day” showed a significant increase
(t = −4.421, p = 0.000) in Table 5. Under the impact of the pandemic, the frequency of
participants visiting green spaces in parks increased for health reasons, highlighting
the important regulatory role of UGSs, especially urban parks, in the context of
the pandemic.

(3) The change of visit mode was not significant. It indicated that the number of lone-
visitors decreased slightly while the number of visits with multiple companions in-
creased. This phenomenon may be related to the psychological changes of participants
after the pandemic.

(4) According to Table 5, The change of visit duration was significant (t = 7.052, p = 0.000).
The number of participants who stay for more than 2 h is significantly more than
before the pandemic, which reflects that most residents prefer outdoor activities after
the pandemic.

 
(a) (b) 

 
(c) (d) 

Figure 3. Urban park uses during the pandemic: (a) purpose, (b) frequency, (c) accompany mode,
(d) duration.
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Table 4. Paired sample t-test results of physical and mental health before and after the pandemic.

Paired Difference
(Before vs. Post)

t p
Before- Post-

Physical health 4.159 ± 0.795 3.970 ± 0.945 0.189 ± 0.653 5.025 ** 0.000 **
Mental health 4.169 ± 0.761 3.871 ± 1.002 0.298 ± 0.745 6.949 ** 0.000 **

p < 0.05; ** p < 0.01.

Table 5. Paired sample t-test results of visit frequency, accompany mode, and visit duration before
and after the pandemic.

Paired Difference
(Before vs. Post)

t p
Before- Post-

Visit frequency 2.947 ± 0.902 3.142 ± 1.000 −0.195 ± 0.768 −4.421 ** 0.000
Visit duration 2.185 ± 0.862 1.891 ± 0.903 0.295 ± 0.726 7.052 ** 0.000

p < 0.05; ** p < 0.01.

The changes in the intention to visit different areas are shown in Figure 4. According
to Figure 4, the number of participants choosing “Moshan Scenic Area” decreased slightly
after the pandemic, while the number of participants choosing the other four areas, which
are relatively far away, are all increasing. By normalizing the numbers of visits to different
areas, it was found that the number of visits to the Moshan scenic area was the highest
both before and after the pandemic, while the number of visits to the other four scenic
areas was relatively small. Specifically, compared with “before the pandemic”, the number
of participants choosing the Moshan scenic area decreased “after the pandemic”, while
the corresponding number of participants choosing the Baima scenic area, Tingtao scenic
area, and Luoyan scenic area increased significantly. In terms of geographical location,
the Moshan scenic area is located in the core area of the whole park, with convenient
transportation and complete infrastructure, and it is a concentrated tourist and leisure
area. The Baima scenic spot and the Luoyan scenic spot are located in the northern part
of the park with weak geographical advantages. These areas are dominated by ecological
wetland resources and have fewer recreational facilities, which may be the main reason
for the low number of visits. The Tingtao scenic spot has the largest lake in the East Lake
and is dominated by several commemorative scenic spots with low attractions. The Chuidi
scenic spot is located in the easternmost part of the park, close to Maanshan Forest Park.
It also has rich ecological resources and is relatively secluded. Therefore, the change in
visitor numbers before and after the pandemic may be caused by the differences in the
location and function of the park. On the one hand, for the consideration of prevention,
control, and health, it has gradually become a trend to choose areas with safe distances and
safe numbers to avoid potential infection risks. On the other hand, areas with prominent
advantages of ecological and natural resources become more attractive to participants.

Figure 4. Comparison of urban park use areas before and after the pandemic.
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3.4. The Relationship between Changes and Some Independent Variables

To investigate the influence of factors that are potentially associated with the changes
in participants’ health or changes in park use status, the binary logistic regression analysis
was performed, and the increasing and decreasing trends in these changes were used as
dependent variables, respectively, and the social characteristics of the participants were
used as independent variables. Results of the binary logistic regression analysis are shown
in Table 3 and reveal some distinctive features of the UGS use on participants’ health before
and after the pandemic. According to Table 6, on the one hand, after the outbreak: the
increase in the self-rated physical health of the participants was negatively correlated with
age (p < 0.05); the increase in the frequency of visiting UGSs was closely related to the quality
of green space distribution in urban public spaces (visiting green spaces around parks
and neighborhoods) (p < 0.01), with both poorer quality green spaces in neighborhoods
and better quality green spaces in parks leading to an increase in the frequency of visiting
UGS in urban parks; there is a correlation between the change in the mode of escorting
more than one person to UGS and participants’ income (p < 0.05), with higher-income
participants preferring to be accompanied by more than one person to UGS; the change in
the duration of visiting UGS was significantly correlated with the income level of residents
(p < 0.01) and showed a negative correlation, and the income level of participants directly
led to the change in the duration of visiting UGS.

Table 6. The relationship between increasing and decreasing trends and some independent variables.

B S.E. Wald Sig. Exp (B)

Increase Physical health Age
Constant

−0.541 *
−0.745

0.240
0.812

5.071
0.843

0.024
0.358

0.582
0.475

Mental health

Visit frequency
Evaluation of green space near home −0.843 ** 0.172 24.045 0.000 0.430
Evaluation of green space in the park 1.077 ** 0.124 19.493 0.000 2.935

Constant −2.644 ** 1.030 6.585 0.000 0.071

Accompany mode Income
Constant

0.528 *
−4.463 **

0.207
0.893

6.545
24.997

0.011
0.000

1.696
0.012

Visit duration Income
Constant

−0.442 **
−1.152 *

0.154
0.482

8.233
5.716

0.004
0.017

0.643
0.316

Decrease Physical health
Gender −0.658 * 0.300 4.817 0.028 0.518

Evaluation of green space near home −0.441 ** 0.158 7.759 0.005 0.643
Constant 1.290 0.720 3.212 0.073 3.633

Mental health

Housing ownership −0.553 * 0.272 4.139 0.042 0.575
Evaluation of green space near home −0.568 ** 0.163 12.187 0.000 0.567
Evaluation of green space in the park 0.708 ** 0.227 9.686 0.002 2.030

Constant −1.135 1.021 1.237 0.266 0.321

Visit frequency

Accompany mode Gender
Constant

−2.128 *
−0.472

1.045
1.157

4.415
0.167

0.042
0.683

0.119
0.624

Visit duration

Period of resident 0.519 * 0.223 5.404 0.020 1.680
Income 0.183 0.099 3.408 0.065 1.201

Evaluation of green space near home −0.330 * 0.157 4.431 0.035 0.719
Evaluation of green space in the park 0.576 ** 0.225 6.551 0.010 1.780

Constant −4.120 ** 1.202 11.753 0.001 0.016

* Sig. < 0.05; ** Sig. < 0.01.

On the other hand, after the pandemic: the self-rated physical health of a part of
the population decreased, as there was a negative correlation between the gender of the
participants (p < 0.05) and the quality of the green space of the living environment (p < 0.01);
participants who showed a decline in self-rated of mental health were associated with three
factors, namely, a negative correlation (p < 0.05) between whether they owned their own
home and the quality of green space in their residential area, and a positive correlation
between the quality of green space in parks and changes in mental health; the shift from
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companionship mode to solo mode was correlated with the gender of the participants
(p < 0.05); the decrease in time spent visiting UGSs was positively correlated with the time
spent living and the quality of green spaces in parks, and negatively correlated with the
quality of green spaces in the participants’ living environment.

4. Discussion

The COVID-19 pandemic is still present and will continue to be prevalent. The urban
development, physical and mental health of residents, and social changes affected by the
pandemic are likely to continue for a longer period of time. It is particularly important to
study and discuss the physical and mental health of urban residents. Has the pandemic
had an impact on the behavior of urban residents visiting public green spaces? For which
specific groups did it have a significant impact? How have they been affected? are the
causes of the impact are and the extent of the impact will be the focus of our study. As
an urban park consisting of five distinctive urban green areas, East Lake Scenic Area can
cover a larger sample of users. Therefore, the results obtained from the survey data we
collected are credible and very meaningful. This study focuses on the changes in behavior
and attitudes of urban residents using public green spaces during a pandemic to confirm
the hypothesized results of the study. Figure 5 illustrates the relationship between UGSs
and residents’ physical and mental health, as summarized in the study. The first part
deals with the use of UGSs, including frequency, purpose, and pattern, which affect the
health of the residents through direct or indirect ways, with health manifested as physical,
psychological, and social behaviors.

Figure 5. The relationship between the factors.

First, the pandemic proved to have an impact on the daily life of the residents. On
the one hand, residents’ self-ratings of their physical and mental health has changed
significantly as a result of the pandemic; on the other hand, specific behaviors in using the
garden are significantly different from those before the pandemic. Second, the negative
impact of the pandemic on residents’ daily life has been confirmed.

(1) The population visiting UGSs is relatively concentrated. There are more male visitors
than female visitors, and the majority of those in the visitor group are young. Among
the respondents, the participation rate of men was higher than that of women, and
their ages were concentrated between 20–40 years old, indicating that young people
are more health-conscious and willing to spend time visiting parks, and confirming
that the physical health of some young people has improved after the outbreak. In
addition, visitors’ behavior was correlated with information about their status and
occupation, reflecting that local residents who own their own houses, have long years
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of housing, have stable jobs, and are well-educated outperformed other respondents
in terms of behavior and health perceptions about visiting green spaces.

(2) The use of UGSs was specific to use behaviors and attitudes. The pre- and post-
pandemic dynamics reflected that the pandemic had an impact on the use of park
green spaces by urban residents. First, the improvement of participants’ health levels
after the pandemic was negatively correlated with age; the way of visiting green
spaces was correlated with income level; and the change in the duration of visiting
green spaces was significantly correlated with income. Second, after the pandemic,
the decline in self-rated health status of some people was negatively correlated with
gender and the quality of green space in the residential environment; and the decline
in participants’ self-rated mental health status was negatively correlated with home
ownership and the quality of green space in the residential area, while the decline in
the self-rated mental health was positively correlated with changes in mental health.
Third, it is worth noting that the change in the choice of travel companion mode has a
great relationship with gender.

The number of residents choosing to use park green spaces for physical exercise, stress
relief, and relaxation increased, which is consistent with existing studies. The predominant
focus of choice on physical exercise and relaxation [8] may be related to the negative impact
of the pandemic on physical and mental health, which is well-explained by the desire to
improve by visiting public green spaces. In terms of frequency of use and duration of use
by residents, it is intuitive from the research data that the frequency of use, in general,
shows an upward trend, and there is even the phenomenon that some people go almost
every day, which may be affected by the quality of urban public spaces and residential
green spaces. In terms of the duration of the visits to parks, it is evident that the overall
duration of residents is increasing, and there is also a negative correlation between changes
in this segment of the population and the income level of residents; there is also a decrease
in duration of visits, and the study confirms that it is related to the period of residence,
the quality of green spaces in parks, and the quality of the environment in residential
areas. This study reveals that pandemics directly or indirectly influence the attitudes and
behavioral characteristics of people using green park spaces.

The results indicate that changes in UGS visitation behavior can be inferred from
participants’ demand for UGSs and that visiting UGSs can be effective in improving
physiological and psychological health and social interaction development, enhancing
public health while promoting harmonious social development. This study highlights the
critical and positive role of urban parks during pandemics [46]. However, it is undeniable
that the negative effects of the lack of UGSs during quarantine are objective and important.
Therefore, it is more important to consider the availability of UGSs, especially those that can
be found during special periods. Urban managers can consider building small-scale green
spaces in residential areas to mitigate the effects of inaccessibility and lack of access [17]
and to encourage people to have more access to outdoor spaces to enhance their physical
health [4].

(3) Comparing the type, distribution characteristics, quality, and other characteristics of
green spaces in urban public spaces, residents evaluated the green spaces in their area
and those in the East Lake Greenway. The increased frequency of visiting UGSs after
the pandemic is closely related to the quality of green space distribution in urban
public spaces. Additionally, the phenomenon that residents spend less time visiting
UGSs shows a positive correlation with the quality of green spaces in parks and a
negative correlation with the quality of green spaces in residential areas. In addition,
there was a negative correlation between the decline in participants’ self-rated mental
health status and the quality of green spaces in residential areas. The residents’
comparison of green spaces showed that they were generally less satisfied with the
green spaces in their area than with the green spaces in the East Lake Greenway Park,
and had a higher preference for the East Lake Green Space. The research highlighted
public space issues such as uneven distribution of green spaces, differences in green
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space types, differences in green space quality, and residents’ potential demand for
green spaces.

A more in-depth discussion of the issues related to behaviors and attitudes toward
urban park use compiled in this study is necessary. Changes in visiting behavior and
attitudes after the pandemic were also manifested in the duration and frequency of use of
UGSs, travel patterns, and other related aspects. Increased or decreased changes in park
use showed the impact of the pandemic on this. In this paper, we start from behavioral
perceptions and find that the pandemic affected people’s food, clothing, and housing in
terms of life and work, but also changed people’s habits and ways of using parks. On
the one hand, the pandemic changed people’s normal life and increased their willingness
to visit green spaces. Especially important is that access to UGSs can be effective in
improving physical and mental health. On the other hand, the attractiveness of UGSs
and the need for their health make access to them inconvenient in this period. In the
face of this unexpected situation, we need to: (1) raise awareness and strengthen people’s
understanding of pandemic and pandemic prevention and control, as well as the benefits
of visiting green spaces for physical and mental health; (2) create a good environment,
emphasize the positive role of visiting public green spaces, improve the urban green space
environment, narrow the gap in the quality of urban public green spaces, highlight the
diversity and local characteristics of UGSs, and improve the supporting infrastructure
services for urban green spaces; and (3) improve infrastructure services by maintaining or
increasing publicly accessible urban green spaces, reassessing our relationship with nature,
and resisting future epidemics and pandemics.

5. Conclusions

COVID-19 outbreaks and epidemics pose serious challenges to people’s productivity
and livelihoods. The development of cities, public health, and ecological sustainability
are all related to it. Overall, the sudden health crisis is not simple, independent, or minor;
it needs to be given sufficient attention and studied. In this study, a quantitative and
qualitative approach was used to study 302 participants in Wuhan.

It has been established that the quality of UGSs is crucial to the physical and mental
health of residents’ lives and the improvement of their well-being. Additionally, our
study has made new findings from the association between UGS types and residents’
usage patterns and attitudes. The results show that participants’ visits to green spaces
changed considerably after the COVID-19 outbreak. First of all, the basic information of the
participants has changed, basically showing the following characteristics: (1) the gender and
age of the participants are concentrated in the group of men and young people; (2) among
all the participants, 78.15% are permanent residents, 57.95% own a home, and 68.54% have
a bachelor’s degree or higher, which allows them to be judged as well educated; (3) in
addition to having a stable job, nearly half of the respondents’ salaries changed after the
pandemic, with 77.27% of those whose salaries changed being lower than before. Second,
their perceived health ratings were more significantly related to changes in green space
use behavior. Changes in visitors’ physical and mental health after the outbreak were
significantly correlated with several factors, including the duration and frequency of use of
UGSs, travel patterns, and other related aspects.

UGS is not only an important place for regulating the physical and mental health
of residents, but also an important ecological resource for the whole city and the world,
and plays a regulating role in the ecological crisis of cities as well as the whole human
race, and it can be said that the protection and development of UGSs is an epoch-making
and historically significant initiative with im-measurable ecological significance. While we
draw conclusions from the study, we should also pay attention to the more multifaceted
thinking that this issue represents. Therefore, while strengthening the connection between
urban residents and UGSs, it is also important to protect UGSs as ecological resources and
to help urban parks play a role in sustainable urban development.
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Finally, there are some limitations in the methodology, process, and conclusions of
this study. This study used questionnaires and on-site research to confirm most of the
conjectures, enrich the existing studies, and truly reflect the real usage of residents in Wuhan,
the city with the highest concentration of epidemics, under the influence of the pandemic.
However, there are still some shortcomings. (1) There are limitations in controlling the
whole green space. The UGS we selected is special in that while it represents the park
activity characteristics of most city residents, it does not represent the full range of activity
characteristics of Wuhan residents. In order to obtain a more comprehensive picture of
residents’ behavior, more research on other UGSs in different areas is needed. (2) The small
sample size and the low participation of the elderly in the study group are also related to
the limitations of the location of the selected green spaces. (3) The high educational level
of the sample size may be due to the administrative division of the Donghu green space
as an educational area in The Wuchang district, with more college students living nearby.
However, this study truly reflects the changes in the use of UGSs and provides an effective
reference for the next in-depth study.
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Abstract: Residential green space is among the most accessible types of urban green spaces and may
help maintain mental health during the COVID-19 pandemic. However, it is insufficiently understood
how residents use residential green space for exercise during the epidemic. The pathways between
residential green space and mental health also merit further exploration. Therefore, we conducted
an online study among Chinese residents in December 2021 to capture data on engagement with
urban green space for green exercise, the frequency of green exercise, perceived pollution in green
space, perceptions of residential green space, social cohesion, depression, and anxiety. Among the
1208 respondents who engaged in green exercise last month, 967 (80%) reported that green exercise
primarily occurred in residential neighborhoods. The rest (20%) reported that green exercise occurred
in more distant urban green spaces. The most common reasons that respondents sought green exercise
in urban green spaces were better air and environmental qualities. Structural equation modeling
(SEM) was then employed to explore the pathways between the perceived greenness of residential
neighborhoods and mental health among respondents who used residential green space for exercise.
The final model suggested that residential green space was negatively associated with anxiety
(β = −0.30, p = 0.001) and depression (β = −0.33, p < 0.001), mainly through indirect pathways.
Perceived pollution and social cohesion were the two mediators that contributed to most of the
indirect effects. Perceived pollution was also indirectly associated with green exercise through less
social cohesion (β = −0.04, p = 0.010). These findings suggest a potential framework to understand
the mental health benefits of residential green space and its accompanying pathways during the
COVID-19 era.

Keywords: neighborhood; community; physical activity; mental health; urban greening

1. Introduction

Being exposed to nature is known to benefit mental and physical health [1–3]. How-
ever, expanding urbanization has reduced the connection between humans and nature,
thus posing risks to human health [4–7]. In this context, urban green spaces have become
increasingly important since they can improve the urban environment and offer residents
opportunities to interact with natural elements [8]. Normally, public green spaces such
as urban parks and urban woodlands are popular because they can provide cleaner envi-
ronments for physical activities. For example, fresh air was a common reason mentioned
by visitors to green spaces [9,10]. However, the unexpected COVID-19 pandemic has
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significantly changed people’s visitation of, attitudes toward, and behaviors in urban green
spaces [11,12]. Determining the extent to which urban residents visit green spaces for
physical activity and why visitors engage in exercise, specifically in urban green space
during the pandemic, is not yet well understood.

China has been making arguably the most strict policies to curb the spread of the
virus [13]. Though many public facilities have become available again as the virus has been
gradually controlled, communities and university campuses are still frequently sealed off
during the subsequent waves of disease, which may have threatened the mental health of
Chinese residents [14]. In March 2022, the emerging Omicron variant caused blockades
(lockdowns) in 571 regions and cities in China [15], extending the durative impact of the
pandemic on mental health.

In Western countries, nature contact in urban parks or other public green spaces has
been deemed an option to maintain mental health during such periods [16–19]. However,
heading to an urban park may not be easy in China because of many cities’ extremely
high population density and insufficient urban park cover. When a new case is confirmed,
travel within a city becomes restricted or forbidden, restricting outdoor activities. In this
context, residential green space may be ideal for residents since they do not have to travel
far or risk the increased probability of infection. Like other green spaces, residential green
spaces are associated with lower depression and anxiety [20,21]. However, the associations
between exposure and mental health still need more investigation during the pandemic,
and potential pathways are not fully explored.

Conceptual Framework

Green spaces may reduce mental health issues in myriad ways [22]. Aside from direct
associations [23,24], we proposed the following mediators: social cohesion, perceived
pollution, and green exercise.

Social cohesion has many definitions [25]. For residential neighborhoods, social cohe-
sion can be described as the social connections, trust, and solidarity among residents [26,27]
that protect mental health [28,29], especially during the pandemic [30,31]. It has been
suggested that urban green space can support social cohesion by increasing the likeli-
hood of meeting others and the feelings of comfort that connects people to places and
fellow visitors [32]. Furthermore, numerous studies suggest that social cohesion may
mediate the association between green space and mental health [33–36], supporting our
first hypothesized pathway across urban natural environments.

Air pollutants and noise are common forms of pollution that threaten mental health [37].
Perceived air and noise pollution are usually investigated by self-reported measures, which
can resemble objectively measured pollution levels [38,39]. Interestingly, perceived pollu-
tion may impact people’s behaviors more strongly than objectively measured pollution [40].
This may be because perceived pollution is related to individuals’ sensitivity to pollution
and acts as a mediator between measured pollution and psychological responses [41,42].
Green space may remove harmful gas and inhalable particles [43], attenuate noise pol-
lution [44], and alter individuals’ susceptibility to noise [45]. Green space may reduce
both measured and perceived levels of air and noise pollution [46–49], which may further
contribute to mental health [50–52]. These clues support our second hypothesized pathway
between green space and mental health through perceived pollution.

Green exercise is a third viable factor, which refers to the combination of physical
activity and nature exposure [53]. Green exercise has been assumed to be more beneficial
than physical activity in urban “grey” areas [54,55]. Green spaces may encourage physical
activity by increasing the restorative quality of the environment in which someone exer-
cises [22,50,56] and may therefore increase the mental health benefits of exercise [36,57].
The frequency of visitation is often employed to measure green space utilization [58–60]
and also serves as a critical dimension of physical activity associated with green spaces [61].
Closer and greener urban spaces may be associated with more frequent green exercise
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among residents [62,63], which supports our third hypothesized pathway between green
space and mental health through green exercise.

The three mediators above are likely to interrelate when modeled together with green
space and mental health. Residents tend to perform walking and relaxation activities in
urban green spaces with low noise levels [64]. In contrast, a space heavily affected by air
and noise pollution may discourage participation in outdoor physical activity [65] because
pollutants reduce environmental quality and are deemed harmful [50,66,67]. Pollutants
may increase annoyance with urban environments and reduce social cohesion in those
spaces [51,65,68]. Many studies have also shown that social cohesion may motivate physical
activity [69,70], including in urban green spaces [33]. Therefore, perceived pollution may
discourage green exercise by reducing social cohesion.

Our aim was to investigate the association of residential green space with depression
and anxiety through three hypothesized mediators: social cohesion, perceived pollution
(air and noise), and green exercise. In addition, we established a covariance link between
depression and anxiety based on their strong association [71]. Given the possibility of
confounding in these relationships, we control for the following:

(1) Age and gender, which may affect mental health conditions [72,73] and the chance for
green exercise [74];

(2) Income, which may affect residential green space [75], physical activity [76], social
cohesion [77], mental health [78], and benefits derived from green space [79];

(3) COVID-19 condition, which can impact mental health [80], social cohesion [81], and
chances for green exercise [12,82].

Our conceptual framework is presented in Figure 1. We hypothesize the following:

Hypothesis 1 (H1). Residential green space is the primary type of green space used by residents
for green exercise; furthermore, high environmental quality is the stated reason to engage in green
exercise in these spaces.

Hypothesis 2 (H2). Perceived residential green space impacts depression and anxiety directly and
indirectly through perceived pollution, social cohesion, and green exercise.

 

Figure 1. Conceptual framework. Note: GE, green exercise. Black lines indicate pathways between
core variables (perceived residential green space, perceived pollution, social cohesion, green exercise
frequency, depression, and anxiety). Blue lines indicate confounding pathways between core and
control variables (income, age, gender, and COVID-19 condition).
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2. Materials and Methods

2.1. Study Design and Participants

We conducted a cross-sectional survey in December 2021 when regional COVID-19
outbreaks reemerged in many areas of China. Our target population was Chinese urban
residents with no restrictions on the province. The study was approved and supervised by
the Ethics Review Board of University, China.

We distributed recruitment messages via online social media, including WeChat and
Tencent QQ. We employed a snowball sampling technique that involved inviting middle-
aged participants to spread information to people of similar ages or older. We described
the study’s topic as investigating the utilization of urban green space and mental health
during the COVID-19 epidemic. Details of the research questions were not disclosed during
participant recruitment. We offered compensation of CNY 5 (approximately USD 0.8) for
completing the online. The participants used WeChat accounts linked with their personal
IDs to fill out the questionnaires (the IP address, device, and account were restricted,
and each participant could submit once). In total, 1329 questionnaires were collected.
After removing incomplete questionnaires and those that failed human verification tests
(to confirm that people carefully completed the questionnaire), a total of 1223 qualified
questionnaires were included in the analysis.

2.2. Instruments and Measurements
2.2.1. Location of and Reasons for Green Exercise

The following question was used to identify the location of urban green spaces used
for green exercise: “Where is the urban green space that you usually did physical activities
(e.g., walking, running, biking, dancing, or ball games) in the last month?” Response
options included the following: “Did not do physical activity in any urban green space
in the last month”; “the green space in my residential neighborhood (in and around my
community, only need a very few minutes of walk for arrival)”; or “other green places that
are more distant (usually need to walk a while or even need a vehicle for arrival).”

The participants were also asked to briefly indicate their main reasons for green
exercise in green space with a single sentence. An open-ended question was used to obtain
their responses.

2.2.2. Frequency of Green Exercise

We measured the frequency of green exercise by asking, “How often did you do
physical activities (e.g., walking, running, biking, dancing, ball games) in the mentioned
green space during the last month?” Answers were provided on a 7-point Likert-type scale
(1 = once per week or less to 7 = about days per week).

2.2.3. Perceived Pollution of Green Space

We measured the perception of pollution in green spaces among the respondents who
claimed green exercise in residential green spaces by asking: “Please describe the general
level of air pollution in the mentioned green space during the last month”; and “Please
describe the general level of noise in the green space (where you usually did physical
activities) during the last month.” Answers were given using a 5-point Likert-type scale
(1 = very low or almost imperceptible to 5 = very high or easily felt).

2.2.4. Perceived Residential Green Space

Based on the methods of Liu et al. [52] and Yang et al. [51], we asked the following
to measure the availability of perceived residential green space: “How much green space
(e.g., trees/plants) is there in your residential neighborhood?” Answers were given using a
5-point Likert-type scale (1 = very little or almost no greenness to 5 = very much or full of
natural greenness).
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2.2.5. Social Cohesion

Trust is a critical factor that affects the willingness to intervene for the common good
at the neighborhood level [83]. It can be measured with the Sampson et al. [84] scale, which
measures social cohesion/trust [85]. We used the highest-loading item from this scale,
following another study that measured social cohesion in residential neighborhoods among
Chinese populations [51]: “Do you think people in your residential neighborhood can be
trusted?” on a 5-point Likert-type scale (1 = not at all, 5 = absolutely).

2.2.6. Anxiety

The Chinese version of the Generalized Anxiety Disorder 7-item (GAD-7) scale was
used to measure anxiety conditions in the last month. The scale assesses how often a person
is bothered by common symptoms of anxiety, such as nervousness and worries. Responses
were given using a 4-point Likert-type scale (0 = not at all to 3 = nearly every day). The
total score can be used for identifying anxiety symptoms (0–4 for minimal anxiety; 5–9 for
mild anxiety; 10–14 for moderately severe anxiety, and 20–27 for severe anxiety). High
internal reliability was observed in our sample (Cronbach α = 0.94).

2.2.7. Depression

The Chinese version of the Patient Health Questionnaire 9-item (PHQ-9) scale was
used to measure depression conditions in the last month. The scale assesses how often a
person is bothered by common symptoms of depression, such as fatigue and sleep problems.
Responses were given using a 4-point Likert-type scale (0 = not at all to 3 = nearly every
day). The total score can be used for identifying depression symptoms (0–4 for minimal
depression; 5–9 for mild depression; 10–14 for moderately severe depression, and 20–27 for
severe depression). In our sample, high internal reliability was again observed (α = 0.95).

2.2.8. Sociodemographic Characteristics

The gender of the respondents was categorized into two groups (1 = male, 2 = female).
Age of respondents was categorized into eight levels (<18 year, 18–25, 26–30, 31–40, 41–50,
51–60, 61–70, >70). Monthly incomes were categorized into seven levels (no reported
income, RMB ≤ 3000, RMB 3001–6000, RMB 6001–9000, RMB 9001–12,000, RMB 12,001–15,000,
RMB >15,000). For reference, RMB 1 is approximately USD 0.8 or EUR 0.7.

2.2.9. COVID-19 Condition

The number of infections among different provinces was obtained from the China
National Health Commission, provincial and municipal health commissions, provincial
and municipal governments, and official channels (https://wp.m.163.com/163/page/
news/virus_report/index.html, accessed on 25 December 2021). The number affects social
restrictions in China and was used to control for the COVID-19 conditions for each respondent.

2.3. Analysis
2.3.1. Bivariate Correlations

Spearman’s rank-order correlation (for correlations between two continuous variables)
and point-biserial correlation (for correlations between a binary variable and a continuous
variable) were used to detect the general pattern of associations between the variables.

2.3.2. Keywords for Green Exercise in Green Space

Natural language process (NLP) refers to the branch of artificial intelligence or AI that
combines computational linguistics with statistical, machine learning, and deep learning
models [86,87]. These functions enable computers to process human language in the form
of text to uncover its full meaning. NPL is used for translation, sentiment analysis, text
summarization, and more. Many companies have constructed AI platforms that offer
NLP services.
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In this study, the keywords in respondents’ reasons for green exercise in green space
were identified using the NLP engine empowered by Tencent Holdings Ltd. (Shenzhen,
China). Since we required participants to briefly state their reasons in a single sentence, the
same noun was not likely to appear twice in a single response (we manually confirmed this).
After removing typos in the questionnaires, participants’ responses were input together as
a single file for keywords summarization without extra restriction.

2.3.3. Structural Equations Modeling

Structural equation modeling (SEM) was employed to examine the hypothesized
directional paths in the conceptual framework presented in Figure 2 for the respondents
who engaged in green exercise in residential green space. According to Bagozzi and
Yi [88], the sample size for SEM should be twice the number of model parameters. Based
on the parameters (n = 22) required to estimate in the framework, our sample size of
967 (respondents who reported green exercise in residential green space) was adequate.
As performed in prior research on green space and mental health during the COVID-19
pandemic, the results of the GAD-7 and PHQ-9 were processed as continuous summary
scores, while the levels of air pollution and noise were assumed to load onto one latent
factor that we labeled as “perceived pollution” [51,52,71].

Figure 2. Proportion of respondents reporting green exercise in different urban green spaces and top
five keywords for reasons to engage in green exercise (n = 1208). Note: n: times of the keywords
appeared in respondents’ answers.

Variance inflation factor (VIF) values smaller than 5.0 were considered evidence of the
absence of multicollinearity. Based on this rule, no multicollinearity was observed among
the independent variables (VIF < 3.0) [89].

Given our sample size and a high level of multivariate non-normality in the data, we
used an asymptotically distribution-free (ADF)/weighted least squares (WLS) estimator
for analysis [90,91]. The bootstrap method with 10,000 replications was used to generate
corresponding standard errors and confidence intervals for all paths [92–94].

Based on the ADF/WLS estimator, the goodness of fit was assessed using the following
indices [91,95]: standardized root mean square residual (SRMR) < 0.08; Tucker–Lewis index
(TLI) > 0.95; and goodness-of-fit index (CFI) > 0.95. In addition, a root mean square error of
approximation (RMSEA) < 0.05 was also considered because it is essential for maximum
likelihood (ML) and generalized least squares (GLS) estimations that were later performed
for sensitivity analysis [91]. We did not employ the χ2 test because it is strongly affected to
sample size and violation of the multivariate normality assumption [96–98].

A factor loading for latent variables of the conceptual model > 0.5 was considered
acceptable. An indirect effect (i.e., a product of coefficients for the constituent links) that
significantly exceeded zero was evidence of mediation [99,100].

The Akaike information criterion (AIC) and Bayesian information criterion (BIC) were
used for model selection, as they are useful for selecting the model with the least overfitting [101].
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2.3.4. Model Modification

The initial model M0 resulted in a low TLI value (SRMR = 0.03; CFI = 0.96; TLI = 0.89;
RMSEA = 0.04 [90%CI: 0.03, 0.06]; AIC = 143.53; BIC = 377.49). Thereafter, we removed
the confounding paths without at least a marginal statistical significance (p > 0.1). The
COVID-19 condition was removed from the model due to weak impacts on the core
variables (p > 0.1). The TLI value of the modified model (M1) was still lower than an ideal
but reached an acceptable level, as indicated in past research (SRMR = 0.04; CFI = 0.96;
TLI = 0.90; RMSEA = 0.04 [90%CI: 0.03, 0.06]; AIC = 122.08; BIC = 307.30) [102–104].
Therefore, the model M1 was selected as the final model, and all non-significant pathways
between the core variables were retained.

2.3.5. Sensitivity Analyses

Regarding keywords scanning, we switched to another NPL engine developed by the
Baidu Holdings Ltd. (Beijing, China) to examine any changes in the identified keywords as
a sensitivity analysis.

Given that ML and GLS estimators may be comparative to ADF/WLS estimator in
some scenarios, even where normality is violated [91,105], we also applied two estimators
to re-examine the robustness of the identified pathways between the core variables. Addi-
tionally, we established competing models by re-specifying localized points of theoretical
causalities based on the following two theories (Figure S1):

(1) Model 2 (M2): The frequency of green space visitation predicting social cohesion [106];
(2) Model 3 (M3): A reciprocal relationship between green exercise and social cohesion

(Jennings and Bamkole, 2019).

To check if the final model could fit different gender and ages, we ran subgroup
analyses that stratified the respondents by gender and median age, respectively. All the
statistical analyses were conducted in SPSS 25.0 and AMOS 20.0. software (SPSS Inc.,
Chicago, IL, USA).

3. Results

3.1. Characteristics of Respondents

A total of 1223 respondents were eligible for the final analysis, and 50% were males.
More than 50% of the respondents were between 18 and 30 years old. Around 65% of the
respondents had a monthly income between CNY 3000 and 9000. Only 1% reported no
green exercise during the last month, and over 50% reported green exercise two or three
times per week during the last month (Table 1).

3.2. Locations and Reasons for Green Exercise

A total of 1208 respondents claimed green exercise experiences during the last month.
Specifically, 967 (80%) reported that green exercises were mainly in residential green spaces,
whereas 241 (20%) reported green exercise in more distant spaces (Figure 2). The top
five keywords drawn from respondents’ answers showed that looking for better air and
environment were the main reasons for performing green exercises in both residential and
distant green spaces (Figure 2).
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Table 1. Respondent characteristics (n = 1223).

Variable Category Mean (SD) Percentage (n)

Gender Male - 49.71% (608)
Female - 50.29% (615)

Age (year) <18 - 2.13% (26)
18–25 - 24.45% (299)
26–30 - 27.64% (338)
31–40 - 31.40% (384)
41–50 - 10.96% (134)
51–60 - 3.19% (39)
61–70 - 0.16% (2)
>70 - 0.08% (1)

Monthly income (CNY) None - 5.15% (63)
≤ 3000 - 12.92% (158)
3001–6000 - 32.05% (392)
6001–9000 - 32.71% (400)
9001–12,000 - 11.53% (141)
12,001–15,000 - 3.76% (46)
>15,000 - 1.88% (23)

Residential greenness level Little - 2.13% (26)
A little - 10.79% (132)
Moderate - 18.72% (229)
Much - 40.39% (494)
Very Much - 27.96% (342)

Green exercise None - 1.23% (15)
Once per week or less - 14.39% (176)
Twice per week - 20.44% (250)
Three times per week - 29.35% (359)
Four times per week - 9.73% (119)
Five times per week - 8.58% (105)
Six times per week - 1.72% (21)
Seven times per week - 14.55% (178)

Anxiety - 10.28 (3.89) -
Minimal anxiety 64.29% (786)
Mild anxiety 29.60% (362)
Moderate anxiety 4.66% (57)
Severe anxiety 1.5% (18)

Depression - 13.06 (5.00) -
Minimal depression 62.80% (768)
Mild depression 27.80% (340)
Moderate depression 5.81% (71)
Moderately severe depression 1.80% (22)
Severe depression 1.80% (22)

3.3. Correlations between Variables

Table 2 displays the correlations between the variables of interest among respondents
who performed green exercise in residential green space during the last month (n = 967).
Residential green space, physical activity in residential green space, social cohesion, and age
were negatively correlated with anxiety and depression. COVID-19 conditions, perceived
noise, and air pollution were positively correlated with anxiety and depression. Females
showed lower levels of depression and anxiety than males.
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Table 2. Bivariate Spearman or point-biserial correlations (n = 967).

Item 1 2 3 4 5 6 7 8 9 10 11

1. Gender
(male = 1) 1.00

2. Age 0.18 ** 1.00
3. Income −0.14 ** 0.22 ** 1.00
4. Infection −0.07 * −0.12 ** −0.02 1.00
5. Residential
greenspace 0.06 −0.05 0.11 ** −0.04 1.00

6. Noise −0.06 −0.06 −0.02 0.06 −0.35 ** 1.00
7. Air pollution −0.08 * 0.03 −0.01 0.03 −0.45 ** 0.49 ** 1.00
8. GE frequency 0.06 0.08 * 0.17 ** 0.03 0.30 ** −0.08 * −0.15 ** 1.00
9. Social cohesion 0.06 −0.02 0.07 * −0.04 0.56 ** −0.35 ** −0.49 ** 0.26 ** 1.00
10. Anxiety −0.16 ** −0.12 ** −0.04 0.06 * −0.35 ** 0.33 ** 0.33 ** −0.23 ** −0.41 ** 1.00
11. Depression −0.16 ** −0.11 ** −0.03 0.08 * −0.35 ** 0.35 ** 0.35 ** −0.24 ** −0.41 ** 0.82 ** 1.00

Note: *, p < 0.05; **, p < 0.01. GE: green exercise.

3.4. Results of the SEM Analysis

In the final SEM model (M2), we did not find a significant direct pathway between
perceived residential green space and depression (β = −0.05, p = 0.325) (Figure 3). The
pathway between perceived pollution and green exercise frequency was not significant
either (β = −0.03, p = 0.440). All other pathways between the core variables were significant.
The direct pathway between perceived residential green space and anxiety was significant
but relatively weak (β = −0.09, p = 0.037).

Figure 3. Final structural equation model (M2) with standardized regression weights (β) and signifi-
cance levels (n = 967). Note: GE, green exercise. *, p < 0.05; **, p < 0.01; ***, p < 0.001.

Perceived residential green space had significant total effects on all variables of interest
(Table 3). The total effects on social cohesion and green exercise frequency were mainly
from direct effects, while those on depression and anxiety were mainly from indirect effects.

Table 3. Standardized total, direct, and indirect effects of perceived residential green space on the
core variables.

Variable Total β (95% CI) p Direct β (95% CI) p Indirect β (95% CI) p

Perceived pollution −0.50(−0.57, −0.42) <0.001 −0.50 (−0.57, −0.42) <0.001 − −
Social cohesion 0.50 (0.44, 0.56) 0.001 0.30 (0.21, 0.38) <0.001 0.20 (0.15, 0.27) <0.001
Green exercise 0.29 (0.23, 0.34) <0.001 0.22 (0.15, 0.30) <0.001 0.07 (0.02, 0.12) 0.007
Depression −0.30 (−0.37, −0.22) 0.001 −0.05 (−0.14, 0.05) 0.325 −0.25 (−0.31, −0.19) <0.001
Anxiety −0.33 (−0.39, −0.26) <0.001 −0.09 (−0.18, −0.01) 0.037 −0.24 (−0.30, −0.18) <0.001
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The specific indirect pathways from perceived residential green space to mental health
are shown in Table 4. Pathways mediated by perceived pollution had major contributions to
the total effects (Pathways 1 and 7 in Table 4). Pathways mediated by social cohesion were
relatively weaker but still made considerable contributions to the total effects (Pathways 3
and 9 in Table 4).

Table 4. Standardized indirect pathways from perceived residential green space to mental health.

Pathway β (95% CI) p

1. Residential green space → Pollution → Anxiety −0.14 (−0.21, −0.08) <0.001
2. Residential green space → GE → Anxiety −0.02 (−0.04, −0.003) 0.014
3. Residential green space → Cohesion → Anxiety −0.04 (−0.08, −0.02) 0.001
4. Residential green space → Pollution → Cohesion → Anxiety −0.03 (−0.05, −0.01) 0.001
5. Residential green space → Cohesion → GE → Anxiety −0.003 (−0.01, 0.00) 0.021
6. Residential green space → Pollution → Cohesion → GE → Anxiety −0.002 (−0.01, 0.00) 0.020
7. Residential green space → Pollution → Depression −0.15 (−0.22, −0.08) <0.001
8. Residential green space → GE → Depression −0.02 (−0.04, −0.01) 0.002
9. Residential green space → Cohesion → Depression −0.04 (−0.08, −0.02) 0.002
10. Residential green space → Pollution → Cohesion → Depression −0.03 (−0.05, −0.01) 0.001
11. Residential green space → Cohesion→ GE → Depression −0.003 (−0.01, 0.00) 0.013
12. Residential green space → Pollution → Cohesion → GE → Depression −0.002 (−0.01, 0.00) 0.012

Note: Residential green space, perceived residential green space; Pollution, perceived pollution; GE, green
exercise; Cohesion, social cohesion.

3.5. Sensitivity Analyses

Identified keywords remained unchanged in the alternative NPL engine.
Regarding structural equation modeling, Acceptable model fits were obtained through

the ML and GLS estimations (Table S1). Similar results were obtained for most pathways,
except for the direct pathway between residential green space and anxiety, which was not
significant in the ML (β = −0.07, p > 0.10) and GLS estimations (β = −0.07, p > 0.10).

The two competing models, Model M2 (where GE predicts social cohesion) and Model
M3 (where a reciprocal relationship was tested between GE and social cohesion), showed
acceptable fits (Figure S1 and Table S1). However, our final model (M1) retained the lowest
AIC and BIC values, indicating a better fit than these alternative models.

In models stratified by gender, we found that both the unconstrained baseline model
and model with constrained structural weights showed acceptable fits to the data, and no
significant difference was found between the two models (Δχ2 = 10.53, p = 0.84). Likewise,
no significant differences were observed in the subgroup analysis stratified by the median
age (Δχ2 = 11.16, p = 0.89), indicating the final model M2 is suitable for these subgroups.

4. Discussion

The current study aimed to explore how residential green space was used and how
it could benefit mental health during the COVID-19 pandemic. The results suggest that
residential green space may be the main urban green space where young and middle-aged
Chinese carry out green exercise. Further, residential green space was negatively associated
with depression and anxiety through direct and/or indirect pathways. These findings
underline the role of residential green space in promoting urban mental health during the
COVID-19 pandemic.

4.1. Findings on Green Space Utilization

We found around 80% of green space users usually performed green exercise in
residential green spaces. In Italy, most urban residents switched from urban parks to
gardens or other residential green spaces during the pandemic due to social distancing and
other regulations or restrictions on movement [12]. So far, there is little understanding of
changes in green space use in China. What is known is that the demand for public green
spaces has remained large throughout the pandemic [107]. Due to active restrictions on
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social activities, urban residents in China may gradually have relied more on residential
green spaces.

Aside from the pandemic, other reasons may explain the popularity of residential
green space in our study. Before the pandemic, children in Shanghai, China, primarily
carried out physical activity in residential green space [108]. Residential green spaces
provide shorter travel distances than more distant public green spaces. Many studies have
proved that distance is a crucial factor negatively associated with the frequency of green
space visits [109,110], and the case of China appears not to be an exception.

Regarding the reasons for performing exercise in green space, better air and environ-
mental conditions were mentioned as a rationale for both residential and other green space
exercisers. This result partially supports our first hypothesis and is similar to previous stud-
ies in some Western countries, where better environmental conditions are critical reasons
for visiting green space [9,10]. These findings imply that the key reasons for visiting green
spaces remained unchanged during the pandemic, which underlines the role of urban
green space in offering cleaner environments for residents’ activities [22].

Several theories may help explain why green spaces are perceived as better/healthier
environments. Green space can reduce air pollution and noise from traffic [22] by deposit-
ing air pollutants (e.g., PM10 and ozone) [111] and diffracting, absorbing, or destructing
interference of sound waves [112]. These mechanisms can also apply to residential green
space, making the neighborhood more suitable for physical activity. Unfortunately, resi-
dential green space is not a focus in some Chinese urban greening projects [113]. Chinese
policymakers may need to prioritize residential green space construction and consider
improving facilities for green exercise in neighborhoods to help fight against the mental
health impacts of the COVID-19 pandemic. Moreover, since lower disturbance was the
crucial reason mentioned for green exercise, using proper plant species and schemes may
be a key point in residential greening. Some approaches in Chinese urban park planning
can be applied to residential green space. For example, planting at least two types of
small trees and shrubs in lines can enhance the aesthetic value and effectively absorb
noise [114]. Recommended species include Camellia sp., Callistemon rigidus R. Br., and
Gordonia axillaris (Roxb. ex Ker Gawl.) D. Dietr. These species are common shrubs or small
trees in China and are usually planted for ornamental purposes. Moreover, they have been
proved to have great potential in decontaminating air pollutants containing nitrogen, sulfur,
and fluorine [115–117].

4.2. Findings on Pathways between Green Space and Mental Health

We did not observe a significant direct pathway between perceived residential green
space and depression. When tested with different estimators, the direct association between
perceived residential green space and anxiety was weak or non-significant. Nevertheless,
multiple indirect pathways were identified, and perceived pollution of green space and
social cohesion were the two critical mediators linking perceived residential green space
and mental health issues. These results do not fully support our second hypothesis but are
in line with previous analyses that perceived residential green space indirectly reduced
mental health problems through enhancing social cohesion [51]. Therefore, these findings
may collectively underline the mediatory role of social cohesion between residential green
space and mental health.

In a previous framework by Liu et al. [52], walking behavior, social cohesion, and
perceived pollution were mediators between neighborhood greenness and mental wellbe-
ing, which is consistent with our final model. However, the previous study investigated
the perceived pollution of residential neighborhoods. In contrast, we investigated the
perceived pollution of green space due to our focus on green exercise. The pollution level
in residential green space may also indicate the general pollution of residential neighbor-
hoods because residential green space is part of the neighborhood and a reason for reduced
pollution [22,49]. Therefore, our study may still support the framework by Liu et al. [52]
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and underline a general mechanism of harvesting mental health benefits from residential
green space.

Regarding relationships between the mediators, we did not observe a significant
direct pathway between perceived pollution and green exercise. However, we observed a
significant mediation effect between them through social cohesion. Multiple factors may
explain this finding. Lower levels of urban pollutants have been associated with green
space and may promote residents to be in contact with their neighbors more frequently, thus
enhancing social cohesion [118]. Enhanced social cohesion may promote the adoption of
healthy behaviors and utilization of community resources [70,119]. Last, a socially cohesive
neighborhood may reduce conditions, such as crime and civil disorder, providing safer
places for physical activity [84,120].

During the COVID-19 pandemic, various restrictions have limited people’s basic
human need for social interaction [121]. In this context, neighbors’ interactions may have
become essential because support from friends or family has been reduced for many
people due to social blockades/lockdowns [122]. It is assumed that interactions among
neighbors during the pandemic enhanced the sense of neighborhood cohesion among
Chinese residents [123]. As discussed above, residential green space may enhance social
cohesion by encouraging neighborly interactions. The pathway between residential green
space and social cohesion is likely more apparent during the pandemic, making their
subsequent mental health benefits more obvious. Svensson and Elntib [31] suggested that
allowing community members access to green space and sensibly meeting others may help
mediate the harmful effects of anxiety and stress. Based on our findings, residential green
space can be an option for promoting mental health through encouraging physical activity
and social interaction.

4.3. Limitations and Future Directions

This study has several limitations. The research topic was described during recruiting
participants. It is possible that people who benefited from or cared about urban green
spaces have responded disproportionately. This may have caused us to overestimate the
connections between green spaces and mental health.

The age structure of our respondents was inconsistent with that of the general popula-
tion of China. The China Bureau of Statistics has disclosed that the population over 60 years
old accounted for 18.70% of the total pollution as of 2021. By contrast, only around 0.2% of
our participants were in this age group. Further studies may hire professional marketing
teams to recruit greater shares of older people. Offline recruitment in middle-aged and
elderly communities may be helpful because many aged Chinese use less Internet than the
younger generations.

We only used self-reported measures due to our limited experimental conditions, so
reporting bias must have existed. Some variables, such as residential neighborhood, can be
re-investigated with objective measures, such as land use/land cover (LULC), which can
reflect plantation coverage and other urban properties. Using machine learning to capture
data from street view maps may also be a promising method to measure exposure to
green spaces [124].

Although we compared different causal relationships in sensitivity analyses, the cross-
sectional feature of the data cannot verify the direction of causalities. This is an inherent
limitation with using such data. To re-examine the causality in each path, longitudinal
trials are warranted. For example, tracking changes in pollution, social cohesion, and
green exercise in a community with constructing residential green spaces would serve
this purpose.

5. Conclusions

This study aimed to investigate how the Chinese performed green exercise in urban
green spaces and to propose a framework to understand associations between residential
green space and mental health through green exercise, perceived pollution, and social
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cohesion during the COVID-19 era. To achieve this goal, we checked how many survey
respondents preferred to carry out green exercise in their residential neighborhood and
obtained keywords from their reasons for choosing residential green space. Meanwhile,
we carried out structural equation modeling to explore potential pathways among these
residential green space “exercisers” with our cross-sectional data.

Our findings suggest residential green space may be the most popular green space for
green exercise during the pandemic among young and middle-aged Chinese. Moreover,
residential green space was negatively associated with anxiety and depression, mainly
through mediators, including social interaction, less perceived pollution, and green exercise.
These findings reinforce other research showing that residential green space is a health
resource for urban residents during the COVID-19 era.

Based on our findings, we call for a focus on residential greening in China to meet
the demand of its residents in the COVID-19 era. Although causal relationships between
studied variables could not be confirmed due to the nature of our cross-sectional data, our
survey and model indicate that better environmental qualities, including less noise and
air pollution, can support mental health. Future urban planning should utilize existing
plant-based strategies (e.g., plant purification or phytoremediation) to protect residential
environments and physical activity experiences. Recognizing the limitations of our study,
we also call for future research to examine and extend our tentative theoretical conclusions
in larger populations using longitudinal study designs.

Supplementary Materials: The following supporting information can be downloaded at: https:
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Abstract: This research analyzed the status of visiting peri-urban forestlands and mountains dur-
ing the first COVID-19 emergency period in Japan using a large-scale online questionnaire-based
survey. We identified and examined the factors that correlated with visits to such areas, including
respondents’ social-economic attributes, environmental conditions (such as the land use patterns
of their residential areas), and awareness of the functions of forestlands. The results suggest that
environmental conditions are a major factor encouraging residents to visit peri-urban forestlands and
mountains during the pandemic. Peri-urban areas with forestlands have such environmental condi-
tions, and residents who visited peri-urban forestlands and mountains tended to live in peri-urban
areas. Residents’ expectations regarding forest functions were also strong factors influencing them
to visit those places. Those who visited forests and mountains expected these areas to have mental
health and educational functions. Especially, female respondents tended to be aware of forestlands as
spaces for mental and physical relaxation, and respondents who have one or more children tended to
be aware of the educational functions of forests. These findings imply that policy should consider
the role of environmental conditions, awareness, and expectations about the function of forests
and mountains, and prior interactions with nature in encouraging residents to visit such places for
their health during the pandemic. These factors could also play a role in addressing the social and
environmental disparities that exist between residents of different socio-economic statuses regarding
access to nature. In future research, the detailed relationships between residents’ environmental
conditions and expectations/awareness of the functions of peri-urban forestlands and mountains
need to be explored.

Keywords: peri-urban forestlands; mountains; COVID-19; land use; Japan

1. Introduction

Recently, access to and use of green areas have largely been affected by lockdowns and
other control measures established in response to the ongoing COVID-19 pandemic [1–4].
The resultant unequal access to such areas, particularly in urban contexts, is one of the
emerging injustices related to land. Specifically, existing studies e.g., [5,6] have extensively
discussed the physical and mental effects of the limited access to green areas due to the
pandemic. Preliminary studies have identified changes in the number of green area visitors.
In addition to the overall number of visitors, certain studies have also analyzed their
personal attributes [7]. Still, the target green areas are limited to parks, gardens, and
agricultural lands. It is necessary to identify the status of visiting other types of green
areas, such as peri-urban forestlands, which can provide spaces for relaxation, education,
and other activities for visitors from urban and peri-urban areas. Furthermore, peri-
urban forestlands are one of the essential components of biodiversity and ecosystem
management [8–10].
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The values of ecosystem services and their distribution are influenced by socio-
economic factors [11]. In this circumstance, ecosystem service realization is needed to
enhance citizens’ awareness and facilitate participatory management [12]. Such awareness
can be achieved using ecosystem services visualization, which policymakers and other
experts can use to share the relevant scientific information with citizens [13]. Further,
policymakers need to consider the tradeoff relationships between forest ecosystem services
when formulating policy [14]. Indicator-based management is also an effective method for
sharing the progress of policy implementations [15]. The main challenges of policymakers
and experts are involving citizens in forest ecosystem services management and identifying
stakeholders and their relationships.

To understand the status of forest ecosystem use by citizens, access and use of green
areas and their values should be analyzed. Since before the pandemic, evidence of merits
and issues surrounding forest ecosystem services have been provided [16]. For example,
Kaźmierczak [17] highlights the direct and indirect contributions of green areas to citizens,
while Wolch et al. [18] and Kabisch and Haase [19] suggest that environmental justice was
one of the main concerns in issues related to the supply and demand of forest ecosystem
services. Thus, to achieve fair and equitable sharing of ecosystem services, the distribution
and usage trends of those services need to be identified to provide a basis for policymaking.

The impact of the pandemic varies among citizens with different socio-economic
attributes [20,21]. For example, those belonging to racial minority groups and those with
low income have been affected disproportionately by COVID-19 [20]. Regarding mental
health, a greater impact of the pandemic on income is associated with increased depression
and anxiety, while higher income is associated with better mental health conditions [22].
Similarly, the pandemic’s effect on income levels also influences green area access—both
physical and virtual—during the pandemic period [23]. A case study shows that low-
income citizens, who are the most affected by COVID-19, have the least amount of nature-
based environments nearby [24]. According to Pipitone and Jović [25], urban green areas
are usually used by high-income citizens, and the pandemic has widened such socio-spatial
disparities. Although the existing studies have detected this effect of income on green area
use, this relationship is non-linear, and knowledge about the ideal green area in terms of
health-related benefits is still lacking [26]. Furthermore, the influence of income on access
and use of different types of green areas and the influence of environmental conditions
such as land use in residential areas are not fully examined.

Considering the limitations of existing studies, the purpose of this research is to
identify the status of visits to peri-urban forestlands and mountains during the first COVID-
19 emergency period in Japan and to detect factors that correlate with such visits. This
paper focused on residents’ socio-economic attributes, land use, and awareness of the
functions of forestlands because such factors may be correlated with green area use.

2. Materials and Methods

An online questionnaire survey was conducted to identify the status of visits to peri-
urban forestlands and mountains. The survey period was from 31 July to 1 August 2020.
Although there are discussions regarding the merit and demerit of online surveys e.g., [27],
online surveys are still a useful method, especially when face-to-face surveys are not possi-
ble, as is the case during the COVID-19 pandemic [28]. The questionnaire was distributed
to respondents in Aichi prefecture, Japan, two months after the first COVID-19 emergency
period (16 April–14 May 2020) in Japan. During this period, the Japanese national gov-
ernment discouraged the residents from leaving their homes, especially to visit areas over
prefectural borders. Although not following these recommendations did not result in penal-
ties, there were significant effects on residents’ behavior, particularly as Japanese society has
relatively high peer pressure for following social norms and displaying a unified behavior.
For example, it was reported that 37% of residents in Aichi did not visit green areas during
the emergency period in previous studies on urban green areas [7]. Some residents were
discouraged from even visiting hiking trails, although others visited them (Figure 1).
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Figure 1. Signage discouraging people from visiting the hiking trail in Aichi Prefecture (left) and
visitors of the same trail (right).

The research site, Aichi Prefecture, is the third largest metropolitan area (having the
third largest population among other Japanese metropolises) with relatively good access
to mountain areas and forestlands in Japan. Its capital is Nagoya City. The total number
of respondents in this study was 1244. The female and male proportions were 47.6% and
52.4%, respectively. The proportion of over-60-years-old respondents was 36.6%; that of the
five-year-interval age groups ranged between 7 and 11%, except the youngest age group of
20–24 years (2.9%).

The questionnaire consisted of questions posed to identify the status of visits to peri-
urban forestlands and mountains at least once in the emergency period. The questions
fell under four main categories as listed below. In the previous research, we analyzed
the answers to questions about the status of visits to green areas, which were frequently
visited by citizens during the emergency period [7]. In that research, the sample size of
respondents who visited mountains (the main green area that was frequently visited) was
too small to analyze (only 22 visitors), and mountain visitors were not analyzed.

• Socio-economic attributes: Sex (Male/Female), age, annual household income (1: <200,
2: 200–400, 3: 400–600, 4: 600–800, 5: 800–1000, 6: 1000–1200, 7: 1200–1500, 8: 1500–2000,
9: ≥2000 [Unit: 10 thousand JPY]), number of children in the household (>1/0);

• Environmental conditions: Zip-code district (the sizes of the areas and the ratios
of land use categories in individual zip-code districts were computed and used in
the analysis);

• Status of visits to peri-urban forestlands and mountains: Whether respondents visited
mountains and forestlands during the emergency period (Answer: Yes/No);

• Awareness of the functions of forestlands (Respondents were asked about their pre-
and post-emergency-period awareness of the functions of forestlands).

In order to compute the ratios of land use categories in zip-code districts, data from
Japan Aerospace Exploration Agency’s (JAXA) High-Resolution Land Use (2014–2016) sur-
vey (https://www.eorc.jaxa.jp/ALOS/en/dataset/lulc_e.htm [accessed on 28 May 2022])
were used. Based on the ratios of the land use categories and area sizes of the zip-code
districts, the respondents’ environmental conditions were analyzed. The resolution of the
land use data was a 30 m square grid, and 10 land use categories were included in the
data. Such high-resolution data were necessary to analyze the environmental conditions of
zip-code districts with relatively smaller area sizes, which are located in urban areas. In
order to analyze the overall environmental conditions of the individual zip-code districts,
the ratios of urban areas, agricultural lands, and forestlands were computed.

Regarding respondents’ awareness of forestland function, we assume that respondents
who visited peri-urban forestlands and mountains have a certain level of awareness. To
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analyze the characteristics of such awareness, we compared their awareness with that
of respondents who did not visit these areas. We also performed a logistic regression
analysis of their answers to the question related to forestland functions to identify the
factors influencing their awareness.

3. Results

The results of the survey revealed that 212 (21%) respondents visited peri-urban
forestlands and mountains during the emergency period. The reasons for visiting those
places are shown in Figure 2. We have used the options of the reasons from the reference [29],
which is research on forest recreation in the Japanese context. Considering the situation
of the pandemic, we added “visiting safe place” as an option. More than 40% of the
respondents who visited peri-urban forestlands and mountains visited them for relaxation.
Feeling and touching nature was the second reason, and 20 to 25% of them answered with
reasons including “to see a beautiful landscape,” “to break from my daily routine,” and “to
visit a safe place.” The latter reason (“to visit a safe place” [24%]) suggests that peri-urban
forestlands and mountains were considered safe to a certain degree during the COVID-19
pandemic. Minor motivations for visiting included reasons directly related to physical
activities, such as doing support exercises and recreational activities. The overall trend
based on the given reasons for visiting mountains shows that the residents were motivated
by their mental health.

Figure 2. Reasons of visiting peri-urban forestlands and mountains.

Concerning the respondents’ socio-economic attributes, there was no obvious differ-
ence between them except for gender. Figure 3 shows the male to female proportions of
respondents who visited/did not visit peri-urban forestlands and mountains. The ratio of
males who visited such places was high relative to that of females. Further, the over-60-
years-old age group had the highest ratios of respondents in both categories (those who
visited and those who did not visit), and thus it can be assumed that the older male respon-
dents tended to visit those areas. When taken together, these results suggest that relatively
older male respondents had a tendency to visit peri-urban forestlands and mountains.
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Figure 3. Ratios of respondents who visited and did not visit peri-urban forestlands and mountains
by different gender groups.

Regarding residents’ household income, an existing study i.e., [7] shows that residents
with a higher household income had a tendency to visit green areas during the COVID-19
pandemic. However, Figure 4 indicates that in the current study, the difference in household
income between the respondent groups (those who visited and those who did not visit
forestlands and mountains) is unclear. That is, although relatively small differences in the
ratios of respondents in individual household-income groups are evident between the two
respondent groups (Figure 4), these differences are not as distinct as those shown in the
existing study.

Figure 4. Ratios of respondents who visited and respondents who did not visit peri-urban forestlands
and mountains by different household-income groups (Unit: million JPY).
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Furthermore, the environmental conditions of respondents’ residential areas were
examined. It is revealed that there are statistically significant differences in the average
ratio of forestland and area size of the zip-code district between the respondent groups who
visited and those that did not visit peri-urban forestlands and mountains (Tables 1 and 2).
Moreover, the average ratio of forestlands in the zip-code districts of respondents who
visited such places is higher than that of those who did not visit (t-test, p < 0.01) (Table 1).
This result suggests that the respondents who visited peri-urban forestlands and mountains
can access forestlands in their residential areas relatively easily and might be more familiar
with forest environments in their daily life. Additionally, it could be assumed that their
residential places are not highly urbanized and not fully covered by built-up areas. Living
in an environment that allows residents to easily access forestlands might be one of the
factors encouraging residents to visit peri-urban forestlands and mountains.

Table 1. Ratios of forestlands in the zip-code districts of respondents who visited/did not visit
mountains in the emergency period.

Ratio of Forestland Visited Did Not Visit

Average (%) 8.10 4.33
Variance 332.54 158.00

Number of respondents 212 1031
Degree of freedom 254

t value 2.87
p value 0.004426

Table 2. Area sizes of the zip-code districts of respondents who visited/did not visit mountains in
the emergency period.

Area Sizes of the Zip-Code Districts Visited Did Not Visit

Average (ha) 213.08 147.03
Variance 197,761.2 65,189.4

Number of respondents 212 1031
Degree of freedom 240

t value 2.09
p value 0.037421

Regarding the area size of the zip-code district, respondents who visited forestlands
and mountain areas lived in zip-code districts whose average area size was larger than
that of respondents who did not visit (t-test, p < 0.05) (Table 2). Because zip-code area
sizes of peri-urban areas are generally larger than those of urban areas, it can be assumed
that the respondents who visited peri-urban forestlands and mountains live in peri-urban
areas within the research site. In peri-urban areas, the residents may have relatively large
residential land for their houses and gardens. In addition to access to forestlands, access to
nature, such as plants in the garden, may be a condition that familiarizes the residents with
nature and influences them to visit natural lands such as mountains.

In order to identify the distribution pattern of residential areas of respondents who
visited peri-urban forestlands and mountains during the emergency period, the distribution
of the respondents’ zip-code districts was visualized; the results are shown in Figure 5.
The figure also shows the zip-code districts of those who did not visit. As we mentioned
previously, the smaller zip-code districts are located in urbanized areas. The central area of
Nagoya City, which is the capital city of the research site, Aichi Prefecture, is indicated in
Figure 5 with a red circle, and the sizes of zip-code areas are relatively small compared with
those of the surrounding areas. As shown on the map, the zip-code districts of respondents
who visited peri-urban forestlands and mountains (green-colored areas) are mainly located
outside of the red circle, and their sizes are relatively large. This result may support the
assumptions that we made based on the analysis of forestland ratios and sizes of zip-code
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areas, showing that residential areas of respondents who visited peri-urban forestlands and
mountains are concentrated in peri-urban areas, not in urbanized areas.

Figure 5. Distribution of zip-code districts of respondents who visited (green)/did not visit (black)
forestlands and mountains during the emergency period in Aichi Prefecture. Note: Red circle shows
the location of central urbanized area of the capital city (Nagoya City) of the prefecture and blue
circle indicates the location of mountainous area with less population.

The analysis results of the respondents’ environmental conditions imply that residents
who do not have prior rich experiences of visiting forestlands and mountains might not
feel encouraged to visit them during the pandemic.

Regarding awareness, we asked residents concerning their pre- and post-emergency-
period awareness of forest functions. Specifically, we used the questionnaire to survey the
residents’ expectations concerning forest functions. We found that the ratios of respondents
who expected certain functions differ between respondents who visited and those who
did not visit peri-urban forestlands and mountains. As an overall trend, the difference
between the residents’ pre- and post-emergency-period expectations was relatively trivial.
The different degrees of expectations between the two respondent groups were more
evident among functions such as “providing a relaxing space,” “providing an educational
space,” and “purification of air and reduction of noise.” Before and after the emergency
period, the ratios of respondents who visited forestlands and mountains and expected such
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functions were higher than those of respondents who did not visit. After the period, the
differences became larger for functions such as “providing a relaxing space” and “providing
an educational space,” as shown in Figure 6.

Figure 6. Awareness of the functions of forestlands and mountain areas (Respondents were asked
about their awareness (a) before and (b) after the emergency period).

The results suggest that those who visited peri-urban forestlands and mountains
highly expected these areas to serve mental- and education-related functions. This level
of expectation may have encouraged the residents to visit those areas during the emer-
gency period.

To identify the factors influencing awareness, we performed a binomial logistic re-
gression analysis of the residents’ responses. The results are shown in Tables 3 and 4.
Statistically significant models were not detected for functions including “Disaster risk
reduction [i.e., flooding and landslide],” “Habitat for rare wildlife,” “Material for architec-
ture, furniture, and paper,” and “Other,” meaning that awareness of these functions was
not influenced by specific socio-economic attributes, environmental conditions, or whether
they visited forestlands and mountains or not. The respondents’ awareness of the other
functions was influenced by these factors. Whether the respondents visited the forestlands
and mountains or not was a statistically significant variable in most of the models for pre-
and post-emergency-period awareness. This suggests that visiting such places can influence
people’s awareness of their functions. Several socio-economic environmental variables
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were not statistically significant in influencing the respondents’ pre-emergency-period
awareness, even if they were significant for their awareness before the period. This implies
that whether the respondents visited forestlands and mountains is a relatively strong factor
influencing their awareness of the functions of these places, especially after the emergency
period. Regarding other variables, household income was significant only in the model
of awareness related to water retention. The respondents with higher income were more
aware of that function. Being female was also a major influential factor alongside whether
the respondents visited forestlands and mountains or not, and its coefficient was high
and positive in the model of awareness related to mental and physical relaxation space.
This suggests that the female respondents tended to be aware of the mental and physical
relaxation function of forestlands and mountain areas. The coefficient of age was high in the
model of awareness related to water retention. The older respondents tended to be more
aware of that function. The number of children was significant in the model of awareness
related to “educational space where ones can learn about and familiarize with forest.” The
respondents with one or more children were more aware of this function. Environmental
conditions were significant only in the pre-emergency-period models. The forestland ratio
had a negative coefficient in the carbon sequestration model (Table 3). This implies that the
respondents living in zip-code districts with fewer forestlands (such as urbanized districts)
tended to be aware of carbon sequestration. Concerning the size of the zip-code area, the
results suggest that the respondents living in smaller zip-code districts, which are often
located near or inside urban areas, tended to be more aware of the educational function of
forestlands. Moreover, the results also show that the respondents living in larger zip-code
districts, which are often located in rural areas, tended to be more aware of the production
of non-timber products (mushroom, etc.) function (Table 3).
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4. Discussion and Conclusions

Our results suggest that residents who do not have rich experiences of visiting natural
lands or access to such environments may lack the motivation to visit forestlands and
mountains. This may mean that having such experiences and access to natural environ-
ments are essential factors influencing residents to visit forestlands and mountains to
maintain good mental and physical health during the pandemic. Therefore, governments
and local communities should establish policies and action plans to provide easy access to
natural environments.

This study indicated that environmental conditions influence whether residents visit
peri-urban forestlands and mountains during the pandemic. Specifically, peri-urban areas
with forestlands have such environmental conditions, and the respondents who visited
peri-urban forestlands and mountains tended to live in peri-urban areas.

Furthermore, the respondents’ expectations concerning forest functions were also
identified as factors that influenced residents to visit those places. The respondents who
visited such areas had relatively high expectations that visiting forests would benefit
their mental health and educational purposes. Environmental conditions may influence
residents to have such expectations. The results of the logistic regression analysis show that
visiting forestlands correlated with awareness of various types of forest functions, and the
correlation between expectations, awareness, and whether or not the respondents visited
forestlands became stronger after the emergency period. Regarding other correlations
between respondents’ attributes and forest function expectations, female respondents
tended to be more aware of forestlands as mental and physical relaxation spaces, while
respondents with one or more children tended to be aware of the educational functions of
the forest. Although certain correlations between residents’ environmental conditions and
expectations or awareness of forestland functions were detected, in future research, these
relationships need to be explored in more depth, considering that the value and meaning
of forestlands differs from one country to another [30–32].

This paper contributes to the existing literature on environmental justice, specifically
that related to the use of forest ecosystem services. Existing studies have examined the
status of environmental justice in different socio-economic contexts [33,34], and the need
to provide policy implications increased during the pandemic [35]. Additionally, extant
studies e.g., [36] have also highlighted that environmental conditions are influential factors
determining the behaviors of citizens in different regions. Nevertheless, studies focusing
on environmental conditions are limited in this line of research. Future studies on forest
visits and their environmental conditions can collaborate with the studies in different
academic fields, such as public health [37], to analyze the effects of visiting forestlands on
physical and mental health during the pandemic. Concerning the conservation of forest
ecosystems and their biodiversity, the relationships between forest ecosystem services and
biodiversity need to be identified to provide a basis for conservation policies and actions by
citizens [38]. Since existing studies e.g., [39,40] have addressed the upscaling of valuations
of forest ecosystem services, further research that considers visiting forestlands as use
of forest ecosystem services also needs to be upscaled to provide policy implications for
larger scales, such as country-level policy implications, considering ecosystem services and
disservices [41].

“The extinction of experience” is a concern when discussing the essential role of
having human–nature experiences in improving residents’ understanding of biodiversity
and ecosystem conservation. Although there are ongoing discussions about this concern in
existing literature e.g., [42–44], such experience remains endangered, especially in urban
areas and developed countries. An existing empirical analysis using large-scale official
municipality data collected via a questionnaire-based residents’ survey (cf. [45,46] for
Sendai City) points to a decline in younger generations’ interest in and recognition of
the importance of human–nature interactions. During times of intense physical mobility
limitations and mental pressures, experiences with nature can help improve residents’
knowledge about the role of nature and increase their appreciation for conservation efforts.
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In particular, options to address mental and physical health issues during the pandemic
have been limited, especially for the vulnerable groups. Supporting, facilitating, and
encouraging such groups to visit peri-urban forestlands and mountains may be a good
alternative to both address their health issues and alleviate the social and environmental
disparities between residents of differing socio-economic statuses regarding access to
natural spaces. Further, discussions and future analyses around this issue could contribute
to the debate related to the extinction of experiences and maldistribution of ecosystem
services in social and environmental dimensions. Long-term analyses of similar issues in
different world regions with or without continued mobility limitations are also needed.
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Abstract: The COVID-19 pandemic has created an opportunity for us to rethink the relationship
between humans and the environment. However, few studies have examined the association between
environmental attitudes, motivations, wellbeing, and quality of life in the context of urban green
areas before and after the outbreak of COVID-19. This paper investigated the interrelationships
among these variables based on data collected in 2019 (before COVID-19) and 2021 (after COVID-19).
The results show that the 2021 sample differed significantly from the 2019 sample in environmental
attitudes. Respondents after the outbreak with the belief in “humans with nature” were more
likely to use urban green areas for being “close to nature” than pre-pandemic respondents. In
addition, stronger belief in “humans over nature” led to stronger desire for “social interactions”
in 2021 than in 2019, implying a close relationship between people’s perception of humankind’s
ability to control nature during the pandemic and their desire to interact with people in urban green
areas. The study also found that there may be a pent-up satisfaction among urban dwellers after the
COVID-19 outbreak.

Keywords: COVID-19; NEP; motivation; urban green areas; SEM

1. Introduction

The impacts of urban green areas on urban residents’ wellbeing and health have
been extensively examined in the literature. It is widely recognized that an individual’s
wellbeing and satisfaction are affected by factors such as accessibility, motivation, frequency
of visits, duration of use, and quality and quantity of urban green areas (among others).
Adding to this list is the COVID-19 pandemic, which has spread globally since it initially
emerged in January 2020 in China. The pandemic has stimulated a pent-up demand not
only for nature-based outdoor recreation and tourism, but also for recreational use of
urban green areas. While there is a plethora of studies that have examined the association
between the pandemic and residents’ use and health related to urban green areas, very few
studies have examined the association from the perspective of environmental attitudes in a
comparative manner. Thus, this paper seeks to fill this research gap.

Humans have a biological need to be close to nature. This biophilic nature of human
beings has significant implications not only for the planning and management of urban
green areas, but also for the enhancement and promotion of public health and wellbeing,
given that contact with nature in many communities is largely limited to local trees, parks,
and green areas nearby. This is particularly true during the COVID-19 pandemic, wherein
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most countries/regions have imposed lockdowns and travel restrictions, which have
significantly impacted people’s recreational behaviors. For example, a study found that
more people in the USA stayed closer to home for leisure and recreation, with 49.9%
travelling within two miles as opposed to 10.8% prior to 11 March 2020 [1]. In Belgium,
people tended to use urban green areas more frequently during the lockdown than pre-
pandemic [2]. Another study involving five countries also found that people tended to use
urban green areas quite often during the COVID-19 pandemic [3].

While the COVID-19 pandemic has unprecedentedly affected every aspect of our
societies and people’s daily lives, it has also created an opportunity for us to rethink the re-
lationship between humans and nature and revisit models developed and used to examine
human behaviors before the pandemic [4]. On the one hand, people may be more aware of
the importance of urban green areas for public health and more motivated to recreate in
urban green areas, which, in turn, may reinforce their attitudes toward the environment.
On the other hand, reduced economic activities, less energy consumption, and less hu-
man movements and commuting following lockdowns and travel restrictions during the
pandemic may “have a positive impact on the environment” [5] (p. 2) due to greenhouse
gas emissions, air pollution, wastes, and noises being significantly reduced [6–9]. This
“incidental” positive impact due to the pandemic may have significant implications for
the long-term sustainability as it may trigger a transformative change of people’s attitudes
and behaviors toward nature and the environment. However, there is a lack of “detailed
understanding of how large scale social-ecological upheaval impacts the values and benefits
associated with human-nature relationships” [10] (p. 2). Thus, more research is needed to
understand the association between these underlying values and benefits and increased
nature-based activities [10].

Urban green areas can serve as an ideal platform by which the association between
attitudes, motivations, benefits, and recreational use can be examined before and after the
COVID-19 outbreak. This assumption follows the value-attitude-behavior model, which
implies that “the influence should theoretically flow from abstract values to mid-range
attitudes to specific behavior” [11] (p. 638). However, few studies, if any, have been
conducted to comparatively examine the interrelationships among these variables based
on samples surveyed before and after the outbreak. To this end, this study examined how
environmental attitudes measured by the New Ecological Paradigm (NEP) [12] would
influence leisure motivations, and how leisure motivations would influence wellbeing
satisfaction measured by the Personal Wellbeing Index-Adult (PWI-A) [13], and how the
latter would further influence quality of life in the context of urban green areas. Specifically,
this study is guided by following questions:

(1) Did residents’ recreational use of urban parks differ significantly before and after
the outbreak?

(2) Did residents’ environmental attitudes, leisure motivations, and PWI-A differ signifi-
cantly before and after the outbreak?

(3) Did environmental attitudes influence leisure motivations, which, in turn, predicted
wellbeing satisfaction measured by PWI-A?

(4) Did PWI-A further influence quality of life?
(5) Did the relationship strengths between two variables for the 2019 sample and 2021

sample differ significantly?

To answer the five questions above, Haihou, the capital city of Hainan Province, China,
was chosen as the study area for this research for two reasons. First, the city has a tropical
climate with four seasons being not distinct as those in many parts of China. Thus, the
recreational use of urban green areas in the city is less affected by seasons. Second, as
with many other cities in the country, lockdown was enforced from 24 January 2020 to
26 February 2020 in the city to control the spread of COVID-19. During this period, a total
of 39 cases were confirmed. Only two cases were reported after the lockdown (one in June
2021 and one in August 2021). As of 31 December 2021, a total of 41 cases were reported
with 0 deaths. Since the second survey was completed in July 2021 (where 0 cases were
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reported), the 2021 sample can be considered post- pandemic while the sample surveyed in
2019 can be considered pre- pandemic for the study area.

The rest of the paper is organized in a way that a review of the relevant literature is
presented first (which sets the basis for the development of four hypotheses), followed by a
description of the methods used and presentation of the results along with a discussion
of findings. Finally, the paper is wrapped up with main conclusions along with research
implications (theoretical, methodological, and managerial) as well as research limitations
and future research needs. Figure 1 displays the flowchart that shows the overall structure
of the remaining paper (Figure 1).

Figure 1. A schematic flowchart of the study.

2. Literature Review

2.1. COVID-19 Pandemic and Environmental Attitudes/Awareness

Several studies have examined people’s environmental awareness and attitudes related
to the pandemic, albeit not in the study field of urban green areas nor in the context of China.
For example, one study [9] investigated public awareness of nature and the environment
in 20 European countries based on online search behaviors retrieved from the Google
Trends. This study found that online searches of nature-related topics (forest, birds, nature,
biodiversity, gardening, and vegetable plot) increased significantly due to the COVID-19
outbreak. A second study [7] also reported a positive change of perceptions of the natural
environment due to the pandemic-related lockdown in three European countries (England,
Ireland, and Spain). Additionally, a third study [5] reported an increased awareness in air
pollution, environmental impact, recycling, water consumption, and natural resources in
Brazil and Portugal as a result of the pandemic.

There are two other studies that are specifically related to NEP. The first one [14]
examined COVID-19 risk management behavior as it relates to pro-environmental attitudes
measured by NEP, finding that pro-environmental behaviors are positively related to the
moral obligation of protecting others from COVID-19 risks. The second study [15] found
that while people’s attitudes in Germany toward the environment measured by NEP
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tended to be more positive during the pandemic than before, there were no significant
differences in subscales such as “limits of growth” and “anti-anthropocentrism”. The
increase in environmental concerns were mainly driven by three other subscales: “balance
of nature”, “anti-exemptionalism”, and “eco-crisis”. Thus, people’s attitudes toward the
environment may differ before and after the pandemic, leading to Hypothesis 1 being
proposed as follows:

Hypothesis 1: People’s environmental attitudes measured by NEP would differ significantly before
and after the outbreak of the pandemic.

2.2. Environmental Attitudes and Leisure/Recreation Motivations

Attitude can be defined as “a learned predisposition to respond in a consistently
favorable or unfavorable manner with respect to a given object” [16] (p. 10). Attitude is
positioned in the theory of planned behavior (TPB) model as an antecedent to intention
or motivation. That is, behavioral intention (motivation to act) is determined by attitude
toward the behavior. Prior to the TPB model, attitude as a source of motivation was
also discussed in previous studies [17–19]. It is argued that “another way to look at
psychological needs is to think of them as motives rooted in systems or complexes of
attitudes or values” [17] (p. 80). A study involving 372 students in the southeastern United
States explored the impacts of cognitive and affective aspects of attitude on motivations and
behaviors [20]. Previous studies also measured environmental attitudes in terms of three
latent subscales (conservation and development, conservation priority, and leisure rights),
which were found to be “significantly associated with visitors’ motivations” [21] (p. 35),
suggesting “nature-based visitors’ environmental attitudes were related to their motivations
for travelling” [21] (p. 35).

Contrary to attitude as a factor that predicts motivation as discussed above, there
are studies that treated motivation as a predictor of attitude [19,22,23]. For example, one
study [19], after a review of relevant literature, concluded that “attitude toward an act is
determined by an individual’s motivation to perform the act” (p. 285). Thus, it seems that
a consensus on attitude preceding motivation or vice versa has not been reached among
researchers. It seems that which one should be treated as a driving factor of the other
depends on the research context and questions to be examined as the two concepts are
closely related. For example, as for gambling, if one dislikes gambling (negative attitude
toward gambling), they will be less likely to gamble in a casino (motivation). In this case,
attitude determines motivation. That said, even basic human values which are stable and
universally considered as the driving factors of attitudes can be put under the rubric of
motivational continuum [24,25], thus supporting the argument of motivation determining
attitude made by some researchers [19].

Nonetheless, NEP as a measure of environmental attitudes has been consistently used
as a variable that predicts motivation when the relationship between attitudes, motiva-
tions and behaviors are examined. This is true in the context of environmental studies
and tourism studies as well. For example, a study examined the relationships between
environmental attitudes (measured by NEP), non-use values of endangered species, and
underlying motivations for willingness to pay (WTP), finding that environmental attitudes
significantly influenced respondents’ rating of the importance of non-use motivations [26].
A significant relationship between NEP and non-use motivations was also reported in
another study [27].

In the context of tourism, NEP has been examined along with motivations in several
studies. NEP was found to be significantly associated with a festival motivation towards
environment-related films and issues, implying that festival attendees with higher level of
pro-environmental attitudes were more likely to attend the festival due to its environmental
themes [28]. Another study [29] examined NEP as it relates to nature-based tourism
motivations, finding that visitors who scored higher on the subscale “humans over nature”
were also more motivated by seeking “novelty/self-development”, suggesting that people,
particularly the young with active and adventurous tourism pursuits of tourism experience,
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tended to emphasize the power of humans in conquering nature. In contrast, visitors who
were more supportive of “limits to growth” and more concerned about “eco-crisis” were
more motivated by passive and appreciative tourism pursuits with a higher desire to return
to nature, to learn about nature, and to escape from routines. This suggests “a high level
of environmental concern could form a high level of tourism motivation for being close
to nature” [29] (p. 399). Extended from these findings, residents’ environmental attitudes
measured by NEP would also be closely related to their motivations to use urban parks.
Thus, the second hypothesis is proposed:

Hypothesis 2: Peoples’ environmental attitudes would significantly influence their motivations to
visit urban green areas.

2.3. Motivations, Satisfaction and Quality of Life

Travel motivation is among the most researched themes in the field of tourism re-
search [30]. It refers to factors that drive a person to participate in a recreation or tourist
activity [31]. These factors can be broadly categorized into two dimensions: push and
pull [32] with the former referring to internal or intrinsic motives or forces (e.g., facilitation
of social interactions, desire to escape daily lives, and rest and relaxation) that cause a
person to travel and the latter relating to external or extrinsic motives such as destination
attributes and services [33].

Just as motivation and attitude are closely related, so are motivation and satisfac-
tion [34]. Motivation determines people’s behaviors and their expectations of prod-
ucts/services [35]. From the perspective of the push dimension that initiates an individual’s
travel desire, motivation can be defined as “state of need, a condition that exerts a push
on the individual towards certain types of action that are seen as likely to bring satisfac-
tion” [36] (p. 16). In this sense, people will feel satisfied if their needs or motives are
met [37].

Motivation as an antecedent to satisfaction has been examined in the field of tourism
studies [38–43]. Although a positive relationship between motivation and satisfaction was
reported in most studies, there are also discrepancies. For example, no significant rela-
tionship was found between the two variables in two studies [39,42]. Another study [43]
found that the pull and push motivators performed differently in a way that pull travel
motivations were not significantly related to satisfaction while push motivations were. In
contrast, one study [40] found that both pull and push motivations significantly influence
satisfaction. A study in the context of urban parks found that experiencing nature and
seeking relaxation positively affected satisfaction while other motivators on educational
and cultural activities did not [27]. Thus, “findings on the relationship between motivation
and satisfaction are sample specific” [44]. Given that a significant relationship exists be-
tween motivation and satisfaction in most studies, it is assumed that leisure motivations
would also be significantly related to wellbeing satisfaction measured by PWI-A. In addi-
tion, previous studies conducted in both western societies and China consistently found
that satisfaction significantly and positively affects quality of life [45,46]. Therefore, two
additional hypotheses are proposed:

Hypothesis 3: Leisure motivations would significantly influence PWI-A.

Hypothesis 4: Satisfaction of wellbeing measured by PWI-A would significantly influence quality of life.

3. Materials and Methods

3.1. Study Area

Haikou, the capital city of China’s island province Hainan (often called the “Hawaii”
of China), is situated at the north coast of the Hainan island (19◦31′32′′ N~20◦04′52′′ N,
110◦07′22′′ E~110◦42′32′′ E) with a tropical maritime climate (Figure 2).
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Figure 2. Location of the study area.

Haikou covers 3127 square kilometers with a population of 2.87 million. The city is
ranked top in terms of its air quality among 168 major cities nationwide. It is also listed
as the “national environmental protection exemplary city”, “national garden city”, and
“international wetland city” with 38.38% of the land area being covered by tree canopy [47].
As with many other cities in the country, all of the city’s urban parks and green areas are
open to the public for free. Among those most popular urban parks are Evergreen Park,
Haikou People’s Park, Sanjiao Pool Park, Baishamen Park, and Jinniuling Park, which were
selected as the survey sites for this study (Figure 2).

3.2. Questionnaire and Measures

A questionnaire was developed by drawing upon findings from the literature. This
questionnaire measures participants’ socio-demographics, recreational use of urban green
areas, motivations for using urban green areas, attitudes toward the environment, satisfac-
tion of wellbeing, and perceived quality of life. Motivations were measured by eight items
which were adopted from a previous study [44]. Environmental attitudes were measured
by the widely used and tested NEP [15,48] which consists of 15 items, whereas “agreement
with the eight odd-numbered items and disagreement with the seven even-numbered items
indicate pro-NEP responses” [12] (p. 433). The seven even numbered items are associated
with the Dominant Social Paradigm with a focus on humans over nature, while the eight
odd items reflect endorsement of the New Environmental Paradigm that emphasizes hu-
mans with nature [48,49]. Satisfaction of wellbeing was measured by seven items, five of
which were adopted from the PWI-A [13]. Examples of items include “How satisfied are
you with your standard of living?” and “How satisfied are you with your health?” Finally,
one item “How would you rate your quality of life?” was used to measure participants’
overall quality of life [50]. All of these items were measured on a 5-point Likert scale
(1 = strongly disagree or extremely dissatisfied, 5 = strongly agree or extremely satisfied).

3.3. Data Collection

The survey was conducted twice (once before the COVID-19 pandemic in 2019 and
once during the pandemic in 2021) using the convenience sampling method by undergrad-
uates and graduates majoring in tourism management from Hainan Normal University
under the supervision of the lead author of this paper. Both surveys were carried out during
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a similar time period (29 June–21 July for 2019 vs. 3 July to 20 July for 2021) and at the same
sites: Evergreen Park, East Lake Park, Sanjiao Pool Park, Baishamen Park, and Jinniuling
Park as aforementioned. Only local residents were surveyed while outside visitors were
excluded. Specifically, prospective respondents were approached by the survey team who
introduced themselves and explained the study purpose to individuals who may be willing
to help out with the survey. If an individual was unwilling to participate, the survey team
then approached the next individual available. If an individual showed willingness, the
questionnaire was then presented for on-site completion. Once one survey was completed,
the next individual was approached [51].

During the 2019 survey period, a total of 700 individuals 18 years of age or older were
approached. Of this number, 635 returned their questionnaires, resulting in a return rate of
90.7%. Of the 635 returned questionnaires, 30 were removed due to systematic incomplete
responses and skeptical response patterns (i.e., same rating for variables in a section of the
questionnaire), resulting in 605 usable questionnaires for analysis.

For the 2021 survey period, both the hardcopy questionnaire and its digital version
built in the Questionnaire Star with a QR code were offered to prospective participants. It
should be noted that some residents were still concerned about the risk of being contracted
with the virus even after the end of the lockdown as evidenced in other survey projects
administered by the lead author of this paper. Thus, during the survey period in 2021,
participants who chose to do a digital survey were asked to scan the QR code and fill the
digital survey onsite. A total of 350 individuals preferred the digital survey and 321 of them
submitted their filled questionnaires. In addition, a total of 350 hardcopy questionnaires
were handed out to participants with 302 of them being returned. Thus, the return rate for
the 2021 survey period was 89.0%. As with the 2019 survey, 28 questionnaires for the 2021
sample were removed due to the same reasons, resulting in 595 usable questionnaires for
further analysis.

3.4. Data Analysis

With the removal of those questionnaires with incomplete and skeptical responses,
the pattern of missing data is random, and the missing rate is quite low (between 0.2% and
0.9%). Thus, no imputation was used to replace missing data. All analyses were made
based on usable questionnaires with missing data omitted using casewise deletion.

Data analyses were conducted using SPSS 28 and AMOS 28, including descriptive anal-
ysis, chi-square analysis, factor analysis, t-test analysis, and SEM. First, socio-demographics
and the recreational use of urban green areas pre- and during the pandemic were described.
Second, chi-square tests were conducted to see if group types, frequency of visits, and use
duration are significantly different between the two samples.

Third, the principal components analysis with varimax rotation and an eigenvalue of
1.00 or more was used to derive latent variables for the 2019 sample, 2021 sample, and the
aggregated data (both samples combined). A cut-off point of 0.45 was used to determine
items for a factor [52], and a loading difference of 0.15 was used to separate items with
cross loadings [53,54].

Fourth, t-tests were conducted to compare the similarities and differences in NEP,
motivations, and PWI-A between the two samples. Fifth, a measurement model for the
three datasets (the 2019 sample, 2021 sample, and the two samples combined) was tested, re-
spectively. Three parameters such as composite reliability (CR), average variance extracted
(AVE), and maximum shared variance (MSV) were used to determine internal consistency
(CR > 0.70), the convergent validity (AVE > 0.50) and discriminant validity (AVE > MSV)
of a construct, respectively [55]. Sixth, three individual SEMs were tested with the three
datasets, respectively. The ratio of χ2 value over the degree of freedom was used to assess
the goodness of fit, with a ratio of 5 being considered acceptable and below 3 as a better
fit [56].

Finally, a multiple group analysis was conducted to statistically compare the relation-
ship strengths between two variables in the SEM for the 2019 sample and 2021 sample. The
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critical ratio was used to test the significant level of a regression weight, with the ratio >1.96
or <−1.96 indicating the difference between two regression weights being significant at or
lower than the 0.05 level [22].

4. Results

4.1. Descriptive Analysis
4.1.1. Socio-Demographics

Participants’ socio-demographic characteristics are quite comparable between the two
samples. Specifically, females outnumbered males for both survey periods (48.3% males
and 51.7% females in 2019 vs. 41.2% males and 58.8% females in 2021). In addition, survey
participants were young (71.4% were between 21–49 years of age in 2019 vs. 75.3% in 2021)
and well educated (38.2% had an undergraduate degree or above in 2019 vs. 39.3% in 2021).
Finally, the majority of participants were married for both samples (51.7% in 2019 vs. 52.8%
in 2021).

4.1.2. Recreational Use of Urban Parks

The majority of respondents reported visiting urban parks with family and relatives
(46.1% in 2019 vs. 57.1% in 2021), followed by with friends (35.4% in 2019 vs. 23.9% in 2021),
while the percentages for people who visited urban parks alone are almost the same (14.2%
in 2019 vs. 14.55 in 2021). In addition, a small percentage of respondents visited parks
with others (neighbors and colleagues) with 4.3% for 2019 and 4.5% for 2021, respectively.
However, in terms of frequency of visits and use duration per visit, participants in 2019
were more often to use urban parks than their counterparts in 2021. For example, 11.1%,
42.7%, 28.8%, and 17.5% of respondents reported having used urban parks every day,
1–3 times per week, 1–3 times per month, and less than 11 times per year in 2019 compared
to 7.2%, 35.3%, 35.8%, and 21.5% in 2021, respectively. In addition, respondents in 2019
tended to stay longer in urban parks than respondents in 2021 with 8.9%, 32.1%, 41.8%, 13.7%,
and 3.5% of them reporting a use duration of ≤30 min, 30 min to 1 h, 1 to 2 h, 2 to 4 h and
>4 h in 2019, respectively (vs. 14.3%, 27.5%, 39.6%, 16.9%, and 1.7%, respectively in 2021).

4.2. Chi-Square Analysis of Recreational Use of Urban Parks

Chi-square tests of group types, frequency of visits, and use duration per visit before
and after the outbreak are presented in Tables 1–3, respectively. As shown, the trip charac-
teristics were significantly different before and after the outbreak. Specifically, compared to
pre-pandemic in 2019, people surveyed in 2021 were more likely to go to urban parks with
family and relatives, less likely with friends (Table 1), and less often to use parks (Table 2)
with a shorter stay (Table 3).

Table 1. Chi-square analysis of group types (2019 vs. 2021).

Group Types 2019 2021 Total χ2 Φ

Myself
Count 86 86 172

20.31 * 0.130

% within year 14.2% 14.5% 14.3%
Adjusted residual −0.1 0.1

Family and
relatives

Count 279 339 618
% within year 46.1% 57.1% 51.5%
Adjusted residual −3.8 ** 3.8 **

Friends
Count 214 142 356
% within year 35.4% 23.9% 29.7%
Adjusted residual 4.3 ** −4.3 **
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Table 1. Cont.

Group Types 2019 2021 Total χ2 Φ

Others (neighbors
and colleagues)

Count 26 27 53

20.31 * 0.130
% within year 4.3% 4.5% 4.4%
Adjusted residual −0.2 0.2

Total
Count 605 594 1199
% within year 100.0% 100.0% 100.0%

* p < 0.001, ** Absolute value of adjusted residual > 2.0.

Table 2. Chi-square analysis of frequency of visits (2019 vs. 2021).

Frequency of Visits 2019 2021 Total χ2 Φ

Everyday
Count 67 33 100

25.94 * 0.147

% within year 11.1% 5.5% 8.3%
Adjusted residual 3.5 ** −3.5 **

1–6 times/week
Count 258 207 465
% within year 42.6% 34.8% 38.8%
Adjusted residual 2.8 ** −2.8 **

1–3 times/month
Count 174 219 393
% within year 28.8% 36.8% 32.8%
Adjusted residual −3.0 3.0

<11 times/per
year

Count 106 136 242
% within year 17.5% 22.9% 20.2%
Adjusted residual −2.3 ** 2.3 **

Total
Count 605 595 1200
% within year 100.0% 100.0% 100.0%

* p < 0.001, ** Absolute value of adjusted residual > 2.0.

Table 3. Chi-square analysis of length of visits (2019 vs. 2021).

Use Duration 2019 2021 Total χ2 Φ

≤30 min
Count 54 85 139

15.63 * 0.114

% within year 8.9% 14.3% 11.6%
Adjusted residual −2.9 ** 2.9 **

30 min–1 h
Count 194 163 357
% within year 32.1% 27.5% 29.8%
Adjusted residual 1.7 −1.7

1–2 h
Count 253 235 488
% within year 41.8% 39.6% 40.7%
Adjusted residual 0.8 0.8

2–4 h
Count 83 100 183
% within year 13.7% 16.9% 15.3%
Adjusted residual −1.5 1.5

>4 h
Count 21 10 31
% within year 3.5% 1.7% 2.6%
Adjusted residual 1.9 −1.9

Total
Count 605 593 1198
% within year 100.0% 100.0% 100.0%

* p < 0.01, ** Absolute value of adjusted residual > 2.0.

4.3. Factor Analysis

As previously mentioned, leisure motivations, NEP, and PWI-A were factor analyzed
for each sample and the two samples combined. Interestingly, each dataset shares exactly
the same subscale patterns for each measure. To save the paper length, only the factor
analysis results for the aggregated data (Tables 4 and 5) are presented while results for
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each single sample are included as an Appendix (see Appendix A). Two factors—”close to
nature” (pull motivations) and “social interactions” (push motivations)—were obtained
from the eight items measuring leisure motivations. These two latent variables explained
59.57% of the total variance, with a Cronbach’s alpha value for “close to nature” being 0.87
and “social interactions” being 0.55, respectively (Table 4). While the Cronbach’s alpha
value of 0.70 [57] has been typically used as the threshold to determine a factor’s reliability,
the alpha value less than the threshold was also considered acceptable for a factor with
fewer items [58,59] since the value is sensitive to the number of items. For example, a
reliability of 0.454 was reported in one study examining visitors’ environmental attitudes
measured by NEP [60].

Table 4. Summary results of exploratory factor analysis for motivation (aggregated data).

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 1 Close to nature 4.18 0.66
L1 Experience nature 4.17 0.81 0.785 0.165
L3 Relaxation 4.30 0.78 0.855 0.084
L4 Enjoy the natural tranquility 4.25 0.84 0.854 0.156
L5 Enjoy the fresh air of open space 4.19 0.86 0.829 0.117

Factor 2 Social interactions 3.25 0.90
L6 With friends 3.44 1.10 0.103 0.746
L7 With kids 3.35 1.37 0.144 0.643
L8 Picnics 2.96 1.23 0.050 0.728

Eigenvalues 3.41 1.35
% of variance 42.71 16.86
Cumulative % - 59.57
Standardized Cronbach’s a 0.87 0.55

KMO = 0.82, p < 0.001. Note. Item L2 “fitness and jogging” was removed from further analysis due to it being
cross loaded on two factors.

Table 5. Summary results of exploratory factor analysis for New Ecological Paradigm (aggregated data).

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 1 Humans with nature 3.82 0.64

NEP1 We are approaching the limit of the
number of people the earth can support 3.72 0.95 −0.074 0.520

NEP3
When humans interfere with nature it
often produces disastrous
consequences

3.85 0.97 −0.017 0.651

NEP5 Humans are severely abusing the
environment 3.62 1.02 −0.033 0.634

NEP7 Plants and animals have as much right
as humans to exist 4.10 0.91 0.152 0.655

NEP9 Despite our special abilities humans are
still subject to the laws of nature 3.81 0.90 −0.018 0.633

NEP11 The earth is like a spaceship with very
limited room and Resources 3.97 0.92 0.109 0.704

NEP13 The balance of nature is very delicate
and easily upset 3.82 0.99 −0.016 0.682

NEP15
If things continue on their present
course, we will soon experience a major
ecological catastrophe

3.64 0.94 −0.108 0.667
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Table 5. Cont.

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 2 Humans over nature 2.84 0.85

NEP2 Humans have the right to modify the
natural environment to suit their needs 3.18 1.17 0.605 -0.077

NEP4 Human ingenuity will ensure that we
do NOT make the earth unlivable 3.21 1.08 0.652 −0.155

NEP6
The earth has plenty of natural
resources if we just learn how to
develop them

2.88 1.22 0.729 −0.053

NEP8
The balance of nature is strong enough
cope with the impacts of modern
industrial nations

2.77 1.23 0.779 0.042

NEP10
The so-called “ecological crisis” facing
humankind has been greatly
exaggerated

2.86 1.11 0.711 0.028

NEP12 Humans were meant to rule over the
rest of nature 2.48 1.23 0.764 0.118

NEP14
Humans will eventually learn enough
about how nature works to be able to
control it

2.54 1.22 0.788 0.076

Eigenvalues 3.70 3.39
% of variance 24.63 22.57
Cumulative % - 47.20
Standardized Cronbach’s a 0.80 0.84

KMO = 0.87, p < 0.001.

Two factors were extracted from the 15 NEP items with all eight odd-numbered items
loaded on one factor–“humans with nature” (with a Cronbach’s a of 0.87) and all seven even-
numbered items on another factor—”humans over nature” (with a Cronbach’s a of 0.84).
A total of 47.20% of variance was explained by the two factors (Table 5). Factor analysis
results for PWI-A are not tabulated as all seven items were loaded on one single factor.

4.4. T-Tests

t-tests were conducted to examine the similarities and differences in leisure motiva-
tions, NEP, and PWI-A between the two samples. Results are presented in Table 6. As
shown, both groups were not significantly different in their leisure motivations (p > 0.05).
However, they differed significantly in NEP and PWI-A with the 2021 sample being more
positive toward “humans with nature”, while also more supportive of “humans over na-
ture”, and more satisfied with their wellbeing than the 2019 sample counterparts. Thus,
hypothesis 1 (people’s environmental attitudes measured by NEP would differ significantly
before and after the outbreak of the pandemic) is fully supported.

Table 6. T-tests of subscales of the three measures (2019 vs. 2021).

Subscales
Mean Mean

Difference
t p

95% Confidence
Interval of

the Difference2019 2021

Leisure
motivations Close to nature 4.29 4.22 0.07 1.73 0.085 −0.01 0.15

Social interactions 3.27 3.23 0.04 0.72 0.470 −0.06 0.14

NEP Humans with nature 3.76 3.87 −0.11 −2.97 * 0.003 −0.17 −0.04
Humans over nature 2.74 2.96 0.23 −4.58 ** 0.000 −0.32 −0.13

PWI-A Satisfaction of wellbeing 3.35 3.52 −0.17 −4.84 ** 0.000 −0.24 −0.10

* p < 0.01, ** p < 0.001.
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4.5. Structural Equation Modeling
4.5.1. Measurement Model

Data skewness and kurtosis for observed variables for the three datasets were exam-
ined prior to the test of the measurement model. A sample is considered not to deviate too
much from the normal distribution if absolute values of univariate skewness and univariate
kurtosis are less than 2 and 3, respectively [61]. The normality assessment indicated that
the absolute values of all observed variables met the criteria (Appendix B), suggesting the
appropriateness of the datasets for SEM analyses.

Table 7 presents CR, AVE, and MSV for the three datasets. CR is consistently above
0.70 for the two NEP subscales, PWI-A and one leisure motivation subscale “close to nature”
for the three datasets. While CR is less than 0.70 for another leisure motivation subscale
“social interactions”, it is close or equal to 0.60. In terms of AVE, the value for “close to
nature” is above 0.50 for all three datasets, while between 0.30 and 0.50 for the rest. An
AVE close to 0.50 is still adequate if CR is greater than 0.70 [55]. It is worth noting that all
AVE values are close to or higher than MSV, except the pair “humans over nature” and
“social interactions” which has a MSV of 0.37. AVE values of between 0.30 and 0.50 and
CR around 0.6 were also reported in other studies [62]. Thus, the three measures for each
analysis group have a moderate to good composite reliability, convergent validity, and
discriminant validity.

Table 7. Composite reliability, average variance extracted, and maximum shared variance.

2019 2021 Aggregated

Composite reliability (CR)
Leisure motivations

Close to nature 0.84 0.87 0.87
Social interactions 0.60 0.56 0.56

NEP
Harmony with nature 0.76 0.83 0.80
Humans over nature 0.81 0.87 0.85

PWI-A 0.80 0.86 0.84
Average variance extracted (AVE)

Leisure motivations
Close to nature 0.58 0.67 0.62
Social interactions 0.33 0.31 0.30

NEP
Harmony with nature 0.30 0.38 0.34
Humans over nature 0.38 0.50 0.44

PWI-A 0.37 0.49 0.43
Maximum Shared Variance (MSV)

Humans with nature↔Humans over nature 0.122 0.028 0.001
Humans with nature↔Close to nature 0.037 0.310 0.147
Humans with nature↔Social interactions 0.015 0.081 0.051
Satisfaction of wellbeing↔Humans with nature 0.057 0.047 0.055
Humans over nature↔Close to nature 0.002 0.003 0.000
Humans over nature↔Social interactions 0.044 0.372 0.192
Satisfaction of wellbeing↔Humans over nature 0.011 0.108 0.063
Close to nature↔Humans over nature 0.177 0.144 0.183
Satisfaction of wellbeing↔Close to nature 0.019 0.046 0.031
Satisfaction of wellbeing↔Social interactions 0.039 0.239 0.130

While CR and AVE can be improved by deleting items with low loadings, this study
did not choose to do so for three reasons. First, the purpose of this study is not to develop
and test a measure, but to obtain latent variables for the sake of simplicity of analysis.
Second, keeping all items allows for comparison analysis being consistent with the same
configurations between the two samples. Third, the measurement model for each dataset
has a χ2/df less than 3, RMSEA less than 0.05 and IFI and CFI greater than 0.90, indicating
a good model fit of data (Appendix C).
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4.5.2. Structural Model
Overall Structural Model

For the structural model, two variables−duration of recreational use of urban parks
and frequency of visits were added. Figures 3–5 present the structural models for the 2019
sample, 2021 sample, and two samples combined, respectively. The model fit parameters
are presented in Table 8. The ratio χ2/df less than or slightly over 3, RMSEA close to
or slightly over 0.05, IFI and CFI close to or equal to 0.90 indicate each dataset fits the
model well.

Figure 3. Structural equation model for the 2019 sample.

The results show that the relationship patterns among the five latent variables, fre-
quency of visits, duration, and quality of life are amazingly consistent across all three
models. Specifically, “human with nature” is significantly and positively related to the
two leisure motivation subscales: “close to nature” (p < 0.001) and “social interactions”
(p < 0.001), which, in turn, are significantly and positively related to wellbeing satisfaction
(p <.05 for the former and p < 0.01 for the latter), PWI-A (p < 0.05 for the former and p < 0.01
for the latter), which further significantly influences quality of life (p < 0.001). While
frequency of visits significantly and positively predicts PWI-A (p < 0.05) which further
significantly contributes to quality of life (p < 0.001), duration does not. Finally, “humans
over nature” significantly and positively predicts social interactions (p < 0.001). However,
its relationship with “close to nature” is not significant (p > 0.05). Thus, Hypothesis 2
(residents’ environmental attitudes would significantly influence their motivations to visit
urban parks) and hypothesis 4 (satisfaction of wellbeing measured by PWI-A would signifi-
cantly influence quality of life) are fully supported, while hypothesis 3 (leisure motivations
would significantly influence PWI-A) is partially supported.
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Figure 4. Structural equation model for the 2021 sample.

Figure 5. Structural equation model for the aggregated data (two samples combined).
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Table 8. Assessment indices.

Model Fit Indices χ2 df χ2/df RMSEA IFI CFI

2019 sample 1077.59 458 2.35 0.047 0.87 0.87

2021 sample 1239.72 458 2.70 0.054 0.89 0.89

Aggregated (two samples combined) 1616.04 458 3.53 0.046 0.90 0.90

Multiple Group Comparison Analysis

Measurement invariance across groups needs to be supported prior to the comparative
analysis being carried out between groups [63]. There are four types of measurement
invariance commonly reported in the literature, including configural invariance, metric
invariance, scalar invariance, and residual invariance [64]. It is argued that “since full
measurement invariance in all four steps is often not supported, it is becoming common
practice to accept some violations of measurement invariance” [64] (p. 79).

Table 9 presents results of measurement invariance test for the two groups: 2019
sample and 2021 sample. The measurement model test reported earlier in Appendix C
exhibits the same measurement pattern with good model fit between the two samples,
supporting configural invariance. However, the metric invariance, if judged by the change
of χ2 would not be supported (Table 9) (p < 0.001). Since χ2 is sensitive to sample size, a
large sample size may lead to over-rejection of measurement invariance if the change of χ2

is used as the only criterion to judge model fit [63,64]. Alternatively, change in alternative
fit indices (AFIs) which is less sensitive to sample size has been used to evaluate fit [65].
AFIs criteria include a 0.01 change in CFI, 0.015 in RMSEA and 0.030 in SRMR (for metric
invariance) or 0.015 (for scalar or residual invariance) [66]. The ΔCFI of 0.007, ΔRMSEA of
0.00 and ΔSRMR of 0.008 (Table 9) support metric, scalar, or residual invariance, suggesting
the appropriateness of the data for cross group comparison analysis.

Table 9. Measurement invariance test between the 2019 sample and 2021 sample.

χ2 df χ2/df RMSEA SRMR CFI

Unconstrained measurement model 1618.76 734 2.21 0.032 0.0449 0.924
Constrained measurement model 1728.24 763 2.27 0.032 0.0529 0.917
Difference 109.48 * 29 - 0.00 0.008 0.007

* p < 0.001.

The multiple group comparison analysis indicates that the three pairs of regression
weights are significantly different between the two samples, including paths linking one
NEP subscale “humans with nature” and one leisure motivation subscale “close to nature”
(0.57 in 2021 vs. 0.22 in 2019, z = 2.889, p < 0.001), another NEP subscale “humans over
nature” and another leisure motivation subscale “social interactions” (0.60 in 2021 vs. 0.27
in 2019, z = 3.468, p < 0.001), and “social interactions” and PWI-A (0.43 in 2021 vs. 0.15
in 2019, z = 2.283, p < 0.01) with the relationships being consistently stronger for the 2021
sample than for the 2019 sample. No significant differences were found for all other path
coefficients between the two samples.

5. Discussion

Human beings are increasingly facing uncertainties that may have severe impacts on
our health. The COVID-19 outbreak that has inflicted China and many other countries is
such an example. The scope of restriction measures enforced by a country or region has
largely affected the level of recreational use of urban green areas during the pandemic.
More recreational uses of urban green areas were reported in countries/regions where
people were still allowed to use urban green areas during the pandemic. For example,
residents in the city of Freiburg visited the city’s urban forests more often during the
lockdown (4.2 visits per week) than before the pandemic (2.7 visits per week) [67]. A global
study on the impacts of COVID-19 pandemic on urban park visitation using data recorded

220



Land 2022, 11, 1224

from the Google Community Mobility Report found that as of 26 May 2020, the number of
park visits increased in all 48 countries selected with some countries experiencing more
visits than others [68].

It seems that more visits experienced in other cities outside China as a result of the
pandemic did not happen in Haikou as the city’s residents visited urban parks less often
and with shorter duration during the pandemic than before the pandemic. Less use of
urban parks during the pandemic in the city seems to endorse another study in Hong
Kong [69] where lockdown was not practiced during the pandemic and where people
tended to participate outdoor activities less often than before the pandemic. Thus, people
in China or at least in Haikou and Hong Kong maybe more cautious and preventive than
people in the western societies in dealing with the pandemic. This can also be reflected
by the finding that respondents surveyed in 2021 were more likely to visit urban parks
with family/relatives and less likely with friends than their counterparts surveyed in 2019.
Decreased visits to urban forests and parks were also reported in Cambodia, Indonesia,
and Myanmar during the pandemic [70].

Interestingly, it is the frequency of visits and not their duration that contributes
to wellbeing satisfaction. This is true for each individual sample and the two samples
combined. This finding endorses a study which found that frequency of visits, not amount
of time spent in urban green areas, significantly and positively predicts life satisfaction for
residents in Daejeon City, South Korea [71]. Thus, frequent visits to urban green areas mean
more than duration in increasing positive emotions, “leading to a feeling of happiness in
daily life” [71] (p. 2). Previous studies involving tourism and destination satisfaction also
found that frequency of visits is positively and significantly related to satisfaction [72–76].

In terms of the two NEP factors “humans with nature” and “humans over nature”,
the 2021 sample was more likely than the 2019 sample to emphasize the importance of
“humans with nature” as well as “humans over nature”, which seems to be paradoxical as
items in “humans with nature” represent pro-environmental attitudes while the opposite is
true for the items measuring “humans over nature”. People may think it is more important
than before for humans to maintain a harmonious relationship with nature due to the
pandemic, while in the meantime, they may also believe that humans can eventually learn
how to control nature with the advance of science and technology and human wisdoms.
The effective control of the spread of COVID-19 in China in 2021 as a whole and in the city
specifically may have reinforced this line of thoughts. Thus, two mindsets (i.e., “humans
with nature” and “humans over nature”) may coexist simultaneously, though the former
still weighed more than the latter as indicated by the average factor score being higher for
the former than for the latter (M = 3.77 for “humans with nature” vs. M = 2.74 for “humans
over nature” in 2019 and M = 3.87 for “humans with nature” vs. M = 2.96 for “humans over
nature” in 2021). A further t-test analysis of the seven Dominant Social Paradigm items
shows that the most significant differences came from three items: “the earth has plenty of
natural resources if we just learn how to develop them” (NEP4), “the balance of nature is
strong enough cope with the impacts of modern industrial nations” (NEP6), and “humans
will eventually learn enough about how nature works to be able to control it” (NEP14).

It should be noted that a consensus about the dimensionality of the NEP construct
has not been achieved among researchers. Although the 15 items of the NEP were initially
used to represent five aspects of the environmental attitudes (balance of nature, eco-crisis,
limits to growth, anti-exemptionalism, anti-anthropocentrism, each with three items) [12],
the developers of the scale also argue that NEP can be treated as a one-dimension measure.
However, they further emphasized that “future research will be needed to address the
issue of the revised NEP Scale’s dimensionality, and on some samples a clearer pattern of
multidimensionality will no doubt emerge and warrant creation of two or more subscales
measuring distinct dimensions of the NEP” [12] (p. 439). Indeed, many following studies
conducted in varying socio-cultural contexts have reported two or more subscales out of
either the earlier 12-item measure or the revised measure with 15 items [48,77]. However,
few, if any, have obtained five subscales through exploratory factor analysis that match
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exactly the five aspects of the 15 items. This led some researchers to speculate that the NEP
subscales are sample specific [29]. Nevertheless, the two subscales from this study are, to a
large extent, resemble a previous study on a national park in China [29], whereas all even-
numbered items were loaded on one factor-“humans over nature”, and all odd-numbered
items were loaded on two other subscales termed “limits to growth” and “eco-crisis”,
which, if combined, correspond to “humans with nature” in this study.

The fact that NEP subscales vary with samples makes it difficult to compare findings of
this study with those from previous studies involving NEP. For example, a study [15] found
that not all NEP subscales are significantly more positive during the pandemic than pre-
pandemic in the context of Germany, with respondents being more concerned about three
of them—“balance of nature”, “anti-exemptionalism”, and “eco-crisis” while less concerned
about two other subscales—“limits of growth” and “anti-anthropocentrism”. Given that
the four items in the subscale “humans over nature” (i.e., NEP1, NEP2, NEP11, NEP12)
and other four items in the subscale “humans with nature” (i.e., NEP4, NEP8, NEP10,
and NEP14) of this study are the same as reported in the study involving Germany [15],
findings of this study partially endorse the study in Germany [15]. That is, people may
hold views of the Dominant Social Paradigm that emphasizes “humans over nature” and
views of the New Environmental Paradigm that endorses “humans with nature” during
the pandemic in both countries.

While the two NEP factors differed significantly pre- and during-pandemic, the two
leisure motivation factors were not significantly different from each other. However, when
the relationships between NEP and leisure motivations were examined using SEM, some
interesting patterns emerged. That is, the impact patterns of NEP on leisure motivations
are consistent across all three datasets as shown in Figures 3–5, with the relationships
between one NEP subscale “humans with nature” and the two motivation subscales “close
to nature” and “social interactions” being significant, so is the relationship between another
NEP subscale “humans over nature” and one motivation subscale “social interactions”.
The significant relationship between “humans with nature” represented by all seven odd-
numbered items and “close to nature” endorses a previous study [29] which reported that
all those odd-numbered items significantly influence nature-based tourism motivations to
return to nature, to learn about nature, and to escape from routines. Interestingly, similar to
“humans over nature” being closely related to active and adventurous tourism pursuits
of nature-based tourism reported in that study [29], respondents in this study who scored
higher on “humans over nature” expressed a higher motivation on social interactions. This
is true for the 2019 sample, 2021 sample, and the two samples combined.

Both motivation subscales positively and significantly predicted satisfaction of wellbe-
ing, which is consistent with previous studies on tourism motivations and destination satis-
faction [38,41]. It should be noted that the push aspect of the motivation measure—“social
interactions” had a larger effect on wellbeing satisfaction than the pull motivation—“close
to nature” which corroborates, to some degree, a study [43] which also found that it is the
push motivators, not the pull motivators, that contributed more to satisfaction. It is worth
noting that the relationship between “social interactions” and wellbeing satisfaction for
the 2021 sample was significantly stronger than that for the 2019 sample, implying that
people were more likely to emphasize the importance of being united with family/relatives
for mental and physical wellbeing during the pandemic than pre-pandemic. In other
words, they felt more satisfied to socialize with family and relatives when recreating in
the urban parks than before the pandemic. This is consistent with the t-test results that
respondents surveyed during the pandemic scored significantly higher on PWI-A than their
counterparts surveyed pre-pandemic. Thus, there may be a pent-up satisfaction among
urban dwellers after the COVID-19 outbreak. This finding supports the posttraumatic
growth theory that explains positive psychological change as a result of experiencing highly
stressful life circumstances (i.e., disasters, crises, or traumas) [78,79].

The stronger relationship between “humans with nature” and “close to nature” for the
2021 sample suggests that respondents during the pandemic with the belief in “humans
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with nature” were more likely to utilize urban green areas for being “close to nature” than
respondents surveyed before the pandemic in 2019, albeit both samples were not signifi-
cantly different from each other in their leisure motivations. The multigroup comparison
analysis also shows that stronger belief in “humans over nature” led to stronger desire for
“social interactions” in 2021 than in 2019, implying a close relationship between people’s
perception of humankind’s ability to control nature during the pandemic and their desire
to interact with people in urban green areas.

6. Conclusions

This paper not only addressed the use of urban green areas as affected by the COVID-
19 pandemic before and after the outbreak of the COVID-19 pandemic, but also the percep-
tion of other variables as they relate to COVID-19 (attitudes, motivation, satisfaction, etc.).
The examination of the use and perception of urban green areas based on two samples (one
before the pandemic and one after the outbreak of the pandemic) using the same instrument
and questionnaire making this study unique among existing studies on COVID-19 and
urban green areas, as it allows for a meaningful comparison of use and perception of urban
green areas as affected by COVID-19. Moreover, the use and perception were examined not
separately, but simultaneously using the structural equation modeling (SEM).

6.1. Research Implications

This study is of significant theoretical, methodological, and managerial implications.
Theoretically, this study, for the first time, empirically examined people’s environmental
attitudes measured by the NEP before and after the outbreak of COVID-19, with respon-
dents after the outbreak being more supportive of “humans with nature” than respondents
before the outbreak. This stronger belief in “humans with nature” during-pandemic proves
that NEP is useful “in tracking possible increases in endorsement of an ecological world-
view, as well as in examining the effect of specific experiences and types of information
in generating changes in this worldview” [12] (p. 439). While recognizing the increased
belief in “humans with nature” as a result of the pandemic, it is “humans over nature” that
contributed more than “humans with nature” to “social interactions”, which further led
to a higher level of wellbeing satisfaction, resulting in a pent-up satisfaction during the
pandemic. This pent-up satisfaction of wellbeing endorses the posttraumatic growth theory
and thus deserves more research on the relationships between environmental attitudes,
motivations, satisfaction, and quality of life as they relate to the pandemic in the context of
urban green areas.

Methodologically, the duality of pro- and anti-environmental attitudes challenges the
practice of treating the NEP as one composite measure of environmental attitudes. Doing so
would cover the nuances of people’s environmental attitudes pre- and post-pandemic. The
change of environmental attitudes due to the pandemic also addresses the concern raised
by other scholars who state that “it remains an open, empirically unaddressed question
whether the pandemic has actually shifted our environmental concerns” [15] (p. 4), thus
filling the research hiatus. Additionally, the use of multiple statistical methods (i.e., t-tests,
chi-square tests, SEM, and SEM multi-group comparison analysis) allows for a better
understanding of findings with cross validations [80]. For instance, the chi-square analysis
shows people surveyed in 2021 were more likely to visit urban parks with family and
relatives (social interactions) than their counterparts surveyed in 2019 while the t-test
shows the 2021 respondents were more supportive of “humans over nature” and more
satisfied than the 2019 respondents. Furthermore, “humans over nature” and “social
interactions” were significantly related with each other with the relationship strength for
the 2021 sample being significantly stronger than that for the 2019 sample. Thus, a clear
picture appears when these findings are linked together, that is, the successful control of
the COVID 19 pandemic in 2021 in the city of Haikou not only led people to believe in
“humans over nature”, but also provided much-needed opportunities for social interactions
with family and relatives in urban green areas, resulting in a higher level of satisfaction.
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This intricacy among these interrelated variables cannot be revealed if a single method
was used.

Managerially, one previous study [43] recommended that destination managers pay
attention to family togetherness given the positive contribution from push motivators to
destination satisfaction, we would like urban park managers to do the same by providing
more opportunities for social interactions in the city’s urban parks given the significant
contribution of social interactions in urban parks to the wellbeing satisfaction of the city
dwellers. In addition, urban parks as important and convenient venues for being close
to nature should engage locals in the restoration and conservation of urban ecosystems
through citizen science projects and activities, which may enhance their attitudes toward
nature and the environment, and which, in turn, may facilitate more recreational uses of
urban parks with higher levels of satisfaction and quality of life. Consequently, a virtuous
circle or feedback loop for the long-term sustainability of urban green areas can be achieved.
Finally, given the role of urban green areas in promoting and improving residents’ wellbeing
and quality of life, it is important to increase the accessibility of urban green areas to meet
residents’ increasing desire of going to urban green space for leisure after the pandemic.
However, the planning of urban green areas lagged behind the social development in the
city, in that the quantity of green spaces in neighborhoods is insufficient. Thus, more public
green spaces, especially neighborhood green spaces, should be rationally planned and
constructed so that residents can access and use green spaces as frequently as they wish. It
is worth noting that frequency of visits was closely related to public wellbeing as shown in
this study.

6.2. Research Limitations and Future Research Needs

Three research limitations need to be addressed. First, while the two samples, one
in 2019 and one in 2021, were used to analyze the similarities and differences before and
after the COVID-19 outbreak, these two samples were not from the same group in an
experimental design with the use of control group and randomized participants. Thus,
the differences between participants surveyed may not 100% result from the impact of
COVID-19. That said, the use of a pure experiment design is rare in the field of social
science studies in general and human dimensions of urban green areas in particular while
a “survey is the most common method of data collection” in “parks, recreation, tourism,
sport, and leisure studies” [81] (p.171). Second, the survey period was not spread around
each season and may not represent the whole picture of recreational uses of urban green
areas in the city. However, this bias may not be a big issue given that seasonality has a little
impact on outdoor recreation participation in the city for the reason explained earlier in this
paper. Finally, although the convenience sampling method has been commonly used in the
literature, survey results using the method in this study may be biased due to participants
being not sampled in a random manner. A household survey may need to be conducted in
the future whereas a random survey with a larger sample size can be implemented.

While recognizing the change of environmental attitudes measured by NEP before
and after the outbreak of the pandemic, no one knows if this change is transformative and
permanent without follow-up surveys. Thus, future research needs to focus on the long-
term monitoring of residents’ use of urban green areas along with their leisure motivations
and attitudes toward the environment. Future research should also utilize big data from
social media or mobile phone call detail record (CDR) or other big data platforms (e.g.,
Google, Baidu, Sina Weibo, etc.) to analyze the recreational use of urban green areas
spatially and temporally using GIS [82,83] to supplement the traditional way of using pencil-
paper questionnaires. Compared with the traditional approach of data collection using
questionnaires, field observations, or interviews, geotagged big data provide geographical
and contextual information about people’s spatial movement and thus are more useful
and effective to understand the spatial movements/behaviors of individuals as well as
their comments, perceptions, and momentary experience associated with urban green areas
during different stages of the COVID-19 pandemic. Information obtained from big data or
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social media on where people visit, why they visit, how long they stay, what they experience,
and how satisfied they are with urban green areas visited is tremendously useful for better
planning and management of urban green areas. In addition, it is recommended that more
comparative studies be conducted in other countries/regions where the pandemic still
prevails so that the links between environmental attitudes, leisure motivations, wellbeing,
and quality of life can be examined and compared internationally and cross-culturally.
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Appendix A. Factor Analysis for the 2019 Sample and 2021 Sample

Table A1. Summary results of exploratory factor analysis for leisure motivations (n = 605,
2019 sample).

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 1 Close to nature 4.28 0.66
L1 Experience nature 4.25 0.75 0.750 0.214
L3 Relaxation 4.35 0.73 0.825 0.053
L4 Enjoy the natural tranquility 4.25 0.85 0.837 0.167
L5 Enjoy the fresh air of open space 4.30 0.88 0.817 0.087

Factor 2 Social interactions 3.27 0.85
L6 With friends 3.49 1.07 0.121 0.718
L7 With kids 3.41 1.22 0.078 0.790
L8 Picnics 2.90 1.14 0.113 0.649

Eigenvalues 3.27 1.36
% of variance 40.88 17.03
Cumulative % - 57.91
Standardized Cronbach’s a 0.84 0.59

KMO = 0.81, p < 0.001. Note. Item L2 “fitness and jogging” was excluded from further analysis due to it being
cross loaded on two factors.

Table A2. Summary results of exploratory factor analysis for New Ecological Paradigm (n = 605,
2019 sample).

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 1 Humans with nature 3.77 0.58

NEP1 We are approaching the limit of the number of people the earth
can support 3.81 0.91 −0.022 0.504

NEP3 When humans interfere with nature it often produces disastrous
consequences 3.81 0.94 0.038 0.626
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Table A2. Cont.

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

NEP5 Humans are severely abusing the environment 3.59 1.00 −0.013 0.635
NEP7 Plants and animals have as much right as humans to exist 4.06 0.96 0.280 0.586

NEP9 Despite our special abilities humans are still subject to the laws of
nature 3.72 0.89 0.013 0.585

NEP11 The earth is like a spaceship with very limited room and Resources 3.91 0.93 0.209 0.664
NEP13 The balance of nature is very delicate and easily upset 3.74 0.99 0.104 0.636

NEP15 If things continue on their present course, we will soon experience
a major ecological catastrophe 3.52 0.94 0.019 0.648

Factor 2 Humans over nature 2.74 0.77

NEP2 Humans have the right to modify
the natural environment to suit their needs 3.08 1.15 0.537 −0.027

NEP4 Human ingenuity will ensure that we do NOT make the earth
unlivable 2.94 1.05 0.664 −0.038

NEP6 The earth has plenty of natural resources if we just learn how to
develop them 2.72 1.19 0.685 0.055

NEP8 The balance of nature is strong enough cope with the impacts of
modern industrial nations 2.68 1.13 0.738 0.143

NEP10 The so-called “ecological crisis” facing humankind has been greatly
exaggerated 2.87 1.02 0.666 0.030

NEP12 Humans were meant to rule over the rest of nature 2.40 1.18 0.693 0.219

NEP14 Humans will eventually learn enough about how nature works to
be able to control it 2.43 1.15 0.729 0.144

Eigenvalues 4.00 2.43
% of variance 26.64 16.22
Cumulative % - 42.86
Standardized Cronbach’s a 0.77 0.81

KMO = 0.85, p < 0.001.

Table A3. Summary results of exploratory factor analysis for leisure motivations (n = 595,
2021 sample).

Code
Factor (Proportion):

Scale Name and Items
M SD

Factor

1 2

Factor 1 Close to nature 4.22 0.73
L1 Experience nature 4.09 0.87 0.811 0.132
L3 Relaxation 4.25 0.82 0.877 0.115
L4 Enjoy the natural tranquility 4.26 0.83 0.870 0.167
L5 Enjoy the fresh air of open space 4.29 0.84 0.850 0.150

Factor 2 Social interactions 3.22 0.95
L6 With friends 3.38 1.13 0.060 0.804
L7 With kids 3.30 1.51 0.218 0.464
L8 Picnics 3.02 1.31 0.110 0.783

Eigenvalues 3.57 1.39
% of variance 44.63 17.40
Cumulative % - 62.03
Standardized Cronbach’s a 0.89 0.52

KMO = 0.80, p < 0.001. Note. Item L2 “fitness and jogging” was excluded from further analysis due to it being
cross loaded on two factors.
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Table A4. Summary results of exploratory factor analysis for New Ecological Paradigm (n = 595,
2021 sample).

Code
Factor (Proportion):

Scale name and items
M SD

Factor

1 2

Factor 1 Humans with nature 3.87 0.63

NEP1 We are approaching the limit of the number of people the earth can
support 3.63 0.98 −0.150 0.567

NEP3 When humans interfere with nature it often produces disastrous
consequences 3.90 0.99 −0.050 0.676

NEP5 Humans are severely abusing the environment 3.65 1.04 −0.054 0.645
NEP7 Plants and animals have as much right as humans to exist 4.15 0.85 0.043 0.697

NEP9 Despite our special abilities humans are still subject to the laws of
nature 3.91 0.91 −0.014 0.674

NEP11 The earth is like a spaceship with very limited room and Resources 4.03 0.90 0.036 0.722
NEP13 The balance of nature is very delicate and easily upset 3.90 0.98 −0.104 0.705

NEP15 If things continue on their present course, we will soon experience
a major ecological catastrophe 3.76 0.93 −0.201 0.666

Factor 2 Humans over nature 2.96 0.92

NEP2 Humans have the right to modify
the natural environment to suit their needs 3.28 1.19 0.653 −0.122

NEP4 Human ingenuity will insure that we do NOT make the earth
unlivable 3.48 1.04 0.630 −0.266

NEP6 The earth has plenty of natural resources if we just learn how to
develop them 3.04 1.23 0.749 −0.142

NEP8 The balance of nature is strong enough cope with the impacts of
modern industrial nations 2.86 1.31 0.800 −0.037

NEP10 The so-called “ecological crisis” facing humankind has been greatly
exaggerated 2.85 1.18 0.767 0.014

NEP12 Humans were meant to rule over the rest of nature 2.57 1.27 0.807 0.034

NEP14 Humans will eventually learn enough about how nature works to
be able to control it 2.65 1.28 0.826 0.021

Eigenvalues 4.53 3.20
% of variance 30.20 21.36
Cumulative % - 51.55
Standardized Cronbach’s a 0.83 0.87

KMO = 0.88, p < 0.001.

Appendix B. Descriptive Analysis for the 2019 Sample, 2021 Sample, and the Two

Samples Combined

Table A5. Descriptive analysis of leisure motivations (n = 605, 2019 sample).

Item Mean SD Skewness Kurtosis

1. Experience nature 4.25 0.75 −1.07 2.04
2. Fitness and jogging 3.96 0.92 −0.61 −0.13
3. Relaxation 4.35 0.73 −1.19 2.22
4. Enjoy the natural tranquility 4.25 0.85 −1.27 1.92
5. Enjoy the fresh air of open space 4.30 0.88 −1.38 1.92
6. With friends 3.49 1.07 −0.26 −0.56
7. With kids 3.41 1.22 −0.37 −0.76
8. Picnics 2.90 1.14 0.15 −0.68
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Table A6. Descriptive analysis of the New Ecological Paradigm (n = 605, 2019 sample).

Item Mean SD Skewness Kurtosis

1. We are approaching the limit of the number of people the earth can support 3.81 0.91 −0.66 0.31
2. Humans have the right to modify the natural environment to suit their needs 3.08 1.15 0.12 −0.89
3. When humans interfere with nature it often produces disastrous consequences 3.81 0.94 −0.74 0.32
4. Human ingenuity will insure that we do NOT make the earth unlivable 2.94 1.05 0.02 −0.54
5. Humans are severely abusing the environment 3.59 1.00 −0.52 −0.34
6. The earth has plenty of natural resources if we just learn how to develop them 2.72 1.19 −0.28 −0.84
7. Plants and animals have as much right as humans to exist 4.06 0.96 −1.21 1.37
8. The balance of nature is strong enough cope with the impacts of modern
industrial nations 2.68 1.13 −0.27 −0.78

9. Despite our special abilities humans are still subject to the laws of nature 3.72 0.89 −0.63 0.29
10. The so-called “ecological crisis” facing humankind has been greatly
exaggerated 2.87 1.02 −0.16 −0.48

11. The earth is like a spaceship with very limited room and Resources 3.91 0.93 −1.90 0.56
12. Humans were meant to rule over the rest of nature 2.40 1.18 −0.57 −0.60
13. The balance of nature is very delicate and easily upset 3.74 0.99 −0.85 0.39
14. Humans will eventually learn enough about how nature works to be able to
control it 2.43 1.15 -0.50 -0.57

15. If things continue on their present course, we will soon experience a major
ecological catastrophe 3.52 0.94 -0.41 0.17

Table A7. Descriptive analysis of wellbeing satisfaction (n = 605, 2019 sample).

Item Mean SD Skewness Kurtosis

1. How satisfied are you with your standard of living? 3.39 0.84 −0.28 −0.01
2. How satisfied are you with your health? 3.42 0.89 −0.39 0.12
3. How satisfied are you with what you are achieving in life? 3.27 0.84 −0.17 0.08
4. How satisfied are you with your personal relationships? 3.48 0.81 −0.36 0.05
5. How satisfied are you with how safe you feel? 3.14 0.86 −0.14 0.01
6. How satisfied are you with where you live in your community? 3.32 0.84 −0.27 −0.13
7. How satisfied are you with your leisure pursuits? 3.42 0.87 −0.23 0.02

Table A8. Descriptive analysis of leisure motivations (n = 595, 2021 sample).

Item Mean SD Skewness Kurtosis

1. Experience nature 4.09 0.87 −1.23 2.22
2. Fitness and jogging 3.78 1.02 −0.63 0.02
3. Relaxation 4.25 0.82 −1.40 2.95
4. Enjoy the natural tranquility 4.26 0.83 −1.42 2.91
5. Enjoy the fresh air of open space 4.29 0.84 −1.45 2.76
6. With friends 3.38 1.13 −0.23 −0.58
7. With kids 3.30 1.51 −0.44 −1.25
8. Picnics 3.02 1.31 −0.07 −1.02

Table A9. Descriptive analysis of the New Ecological Paradigm (n = 595, 2021 sample).

Item Mean SD Skewness Kurtosis

1. We are approaching the limit of the number of people the earth can support 3.63 0.98 −0.54 0.13
2. Humans have the right to modify the natural environment to suit their needs 3.28 1.19 0.41 −0.76
3. When humans interfere with nature it often produces disastrous consequences 3.90 0.99 −0.91 0.62
4. Human ingenuity will insure that we do NOT make the earth unlivable 3.48 1.04 0.32 −0.36
5. Humans are severely abusing the environment 3.65 1.04 −0.72 0.18
6. The earth has plenty of natural resources if we just learn how to develop them 3.04 1.23 0.09 −0.95
7. Plants and animals have as much right as humans to exist 4.15 0.85 −1.11 1.53
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Table A9. Cont.

Item Mean SD Skewness Kurtosis

8. The balance of nature is strong enough cope with the impacts of modern
industrial nations 2.86 1.31 −0.09 −1.13

9. Despite our special abilities humans are still subject to the laws of nature 3.91 0.91 −0.78 0.67
10. The so-called “ecological crisis” facing humankind has been
greatly exaggerated 2.85 1.18 −0.16 −0.90

11. The earth is like a spaceship with very limited room and Resources 4.03 0.90 −1.16 1.82
12. Humans were meant to rule over the rest of nature 2.57 1.27 −0.42 −0.91
13. The balance of nature is very delicate and easily upset 3.90 0.98 −0.90 0.49
14. Humans will eventually learn enough about how nature works to be able to
control it 2.65 1.28 −0.34 -0.96

15. If things continue on their present course, we will soon experience a major
ecological catastrophe 3.76 0.93 −0.54 0.30

Table A10. Descriptive analysis of wellbeing satisfaction (n = 595, 2021 sample).

Item Mean SD Skewness Kurtosis

1. How satisfied are you with your standard of living? 3.49 0.90 −0.31 0.05
2. How satisfied are you with your health? 3.37 0.90 −0.37 0.00
3. How satisfied are you with what you are achieving in life? 3.50 0.88 −0.12 −0.11
4. How satisfied are you with your personal relationships? 3.54 0.86 −0.14 −0.14
5. How satisfied are you with how safe you feel? 3.66 0.89 −0.24 −0.12
6. How satisfied are you with where you live in your community? 3.53 0.91 −0.31 −0.07
7. How satisfied are you with your leisure pursuits? 3.57 0.89 −0.27 −0.08

Table A11. Descriptive analysis of leisure motivations (n = 1200, two samples combined).

Item Mean SD Skewness Kurtosis

1. Experience nature 4.17 0.81 −1.20 2.35
2. Fitness and jogging 3.87 0.97 −0.65 0.03
3. Relaxation 4.30 0.78 −1.33 2.80
4. Enjoy the natural tranquility 4.25 0.84 −1.34 2.38
5. Enjoy the fresh air of open space 4.29 0.86 −1.341 2.29
6. With friends 3.44 1.10 −0.25 −0.56
7. With kids 3.36 1.37 −0.45 −0.98
8. Picnics 2.96 1.23 0.04 −0.87

Table A12. Descriptive analysis of the New Ecological Paradigm (n = 1200, two samples combined).

Item Mean SD Skewness Kurtosis

1. We are approaching the limit of the number of people the earth can support 3.72 0.95 −0.60 0.22
2. Humans have the right to modify the natural environment to suit their needs 3.18 1.17 −0.25 −0.86
3. When humans interfere with nature it often produces disastrous consequences 3.85 0.97 −0.82 0.46
4. Human ingenuity will insure that we do NOT make the earth unlivable 3.21 1.08 −0.15 −0.54
5. Humans are severely abusing the environment 3.62 1.02 −0.62 −0.08
6. The earth has plenty of natural resources if we just learn how to develop them 2.88 1.22 0.10 -0.96
7. Plants and animals have as much right as humans to exist 4.10 0.91 −1.19 1.54
8. The balance of nature is strong enough cope with the impacts of modern
industrial nations 2.77 1.23 0.20 −0.97

9. Despite our special abilities humans are still subject to the laws of nature 3.81 0.90 -0.69 0.43
10. The so-called “ecological crisis” facing humankind has been
greatly exaggerated 2.86 1.11 0.16 −0.70

11. The earth is like a spaceship with very limited room and Resources 3.97 0.92 −1.02 1.10
12. Humans were meant to rule over the rest of nature 2.48 1.23 0.50 −0.76
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Table A12. Cont.

Item Mean SD Skewness Kurtosis

13. The balance of nature is very delicate and easily upset 3.82 0.99 −0.87 0.42
14. Humans will eventually learn enough about how nature works to be able to
control it 2.54 1.22 0.43 −0.77

15. If things continue on their present course, we will soon experience a major
ecological catastrophe 3.64 0.94 −0.47 0.19

Table A13. Descriptive analysis of wellbeing satisfaction (n = 1200, two samples combined).

Item Mean SD Skewness Kurtosis

1. How satisfied are you with your standard of living? 3.44 0.87 −0.28 0.02
2. How satisfied are you with your health? 3.39 0.90 −0.38 0.05
3. How satisfied are you with what you are achieving in life? 3.39 0.87 −0.12 −0.02
4. How satisfied are you with your personal relationships? 3.51 0.83 −0.24 −0.04
5. How satisfied are you with how safe you feel? 3.40 0.91 −0.15 −0.12
6. How satisfied are you with where you live in your community? 3.42 0.88 −0.25 −0.10
7. How satisfied are you with your leisure pursuits? 3.50 0.88 −0.24 −0.05

Appendix C. Measurement Model Assessment Indices

Table A14. Measurement model assessment indices.

Model Fit Indices χ2 df χ2/df RMSEA IFI CFI

2019 sample 718.01 367 1.96 0.040 0.92 0.92
2021 sample 881.41 367 2.40 0.049 0.93 0.93
Aggregated (two samples combined) 1067.42 367 2.91 0.040 0.94 0.94
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Abstract: The COVID-19 pandemic has impacted everyone in urban areas. Some of these impacts
in the United States have negatively affected People of Color more than their White counterparts.
Using Seattle, Washington as a case study, we investigated whether inequitable effects appear in
residents’ interactions with urban nature (such as urban green space). Using a 48-question instrument,
300 residents were surveyed, equally divided across four racial/ethnic groups: Asian, Black and
African American, Latino/a/x, and White. Results showed that during the span of about 6 months
after the onset of the pandemic, Black and Latino residents experienced a significant loss of time in
urban nature, while Asian and White residents did not. The implications of these findings, including
inequities in the potential buffering effects of urban nature against COVID-19 and the future of
urban nature conservation, are discussed. Multiple variables were tested for association with the
changes to time spent in urban nature, including themes of exclusion from urban nature spaces found
throughout the existing literature. Findings show that decreases in time spent in urban nature among
Black and Latino residents may be associated with their feeling as though they did not belong in
urban nature. We provide recommendations based on these findings for how government agencies
can promote more equitable access to urban nature during the pandemic and beyond. The results of
this study have implications that extend beyond the US and are relevant to the international scholarly
literature of inequities and urban nature interaction during the COVID-19 pandemic.

Keywords: urban nature; green space; equity; sense of belonging; COVID-19; BIPOC

1. Introduction

This research lies at the intersection of three large conditions that are restructuring
human lives and social systems. The first is recent: the COVID-19 pandemic. The second,
and here we speak about the United States specifically, is the longstanding structural
racism within society that continues to harm People of Color1. The third is the increasing
diminishment of nature on this planet, and in the lives of people. Because interacting with
nature can help people physically and psychologically, it seems plausible that being in
nature can buffer some of the pandemic’s negative effects. Yet, if so, and given existing
structural racism, it is also plausible that People of Color have not equally benefited from
this potential.

Examining this disparity is the motivation for this study. During COVID-19, People of
Color in US cities have experienced more negative outcomes (compared with the White
population), with a higher likelihood of COVID-19 infection, poorer COVID-19 outcomes,
higher stress and anxiety levels, and larger unemployment rates [1–6]. Thus, in this study
we investigated whether the amount of time residents of Seattle, Washington spent in urban
nature changed after 6 months of the pandemic, and if so, how those changes varied across
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four racial/ethnic groups: Asian, Black and African American, Hispanic and Latino/a/x,
and White

2 3 4
.

1.1. The Importance of Assessing Race/Ethnicity When Investigating Urban Nature Visitation

One of the reasons why there may be inequities by race/ethnicity in changes in nature
access during the pandemic is because of the history of racism in the US, which has led to
historical differences in perceptions and use of urban nature. Roberts et al. [11] described
how current environmental racism reflects racist policies in the past and how many historic
policies were tied to the natural landscape. For example, after enslaved people in the
US were declared free, former slave-owners “employed” freed Black Americans and sold
them farm equipment, livestock, and other necessities in advance. Under sharecropping
contracts, the Black workers were to pay the farm owners a share of their crop yield to pay
for those assets making the accumulation of wealth extremely challenging [11]. This is just
one way in which the relationship between Black Americans and the natural landscape has
been intertwined with racism throughout US history.

Today, Black Americans’ relationship with nature continues to be shaped by historic
racism. Finney [12] showed, for example, how urban parks were historically often places for
acts of racism, and how these places can convey racist sentiments for some Black individuals.
Natural landscapes can be associated with lynchings, slavery, segregation policies, and
events of conflict and violence [12–14]. By contrast, for many White individuals more
“wild” or “untouched” nature harkens to a “simpler time” before industrialization and
represents a nostalgic longing for the past [12,14]5.

The deep history of racism intertwining with the natural world is reflected in the
racism in natural spaces that continues today [16]. A recent example of racism in urban
nature spaces that made national headlines occurred in Central Park, New York. In May
2020, a White woman called the police on a Black man who was birdwatching in the park
because the man had asked the woman to leash her dog in accordance with the law [17].
As Newsome [18] writes: “For far too long, Black people in the United States have been
shown that outdoor exploration activities are not for us, whether it be because the way the
media chooses to present who is the ‘outdoorsy type’ or the racism experienced by Black
people when we do explore the outdoors, as we saw recently in Central Park.”

As demonstrated in multiple studies, racial/ethnic inequities in access to urban nature
appear in a multiplicity of ways: For one, White neighborhoods typically contain a higher
density of urban nature areas compared with neighborhoods consisting primarily of People
of Color due to redlining and other discriminatory housing practices [19–23]. Second, the
quality of urban nature is generally lower in Communities of Color [24]. Third, the upkeep
of urban nature is generally lower in Communities of Color [25,26]. Fourth, social barriers
to urban nature accessibility for people in Communities of Color can exist at the personal,
institutional, or systemic level. These barriers include lack of multilingual signage, safety
concerns, lack of free time, transportation limitations, cultural expectations and norms, and
historically segregated park design [19,27,28].

1.2. Effects of COVID-19 on Urban Nature Access Disaggregated by Race/Ethnicity

If measured as a homogenous group, some literature suggests that urban residents
have increased their urban nature use during the pandemic [29]. For example, in a survey
of land managers of urban parks across 12 US cities, 83% reported an increase in visitation
to the spaces they manage [30].

However, when disaggregating residents by race/ethnicity, the emerging studies show
conflicting results. Larson et al. [31], for example, found that Black and Hispanic (compared
with White) residents of cities across North Carolina, USA, experienced a greater decrease
in urban nature visitation 6 months after the start of the COVID-19 pandemic. Similarly, a
study of New York City residents found that Black and Native American participants were
more likely to experience a decrease in urban nature visitation during COVID-19 compared
with Asian and White participants [32]. By contrast, other studies have found that People
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of Color living in cities actually increased their time spent in urban nature during the
COVID-19 pandemic. Pipitone and Jović [33], for example, found that non-White New
York City residents increased their frequency of urban nature visitation during the first
lockdown in New York City and again about 4 months after the pandemic started. Thus, to
date, the research is not clear on the effects of the pandemic on nature interaction when
disaggregating by race.

We sought to understand the nuances between racial/ethnic groups in terms of the
changes to urban nature during the pandemic. To perform this, we disaggregated results
by race/ethnicity rather than collapsed participants into White and non-White groups.
This study sought to help clarify the existing literature by means of an opening that we
saw when reviewing the (above) literature on race/ethnicity and urban nature visitation.
Namely, it appeared to us that one overarching construct that might help explain differences
in nature access by racial/ethnic group is what we call sense of belonging in urban nature.

1.3. Sense of Belonging in Urban Nature

We mentioned earlier the incident of a White woman calling the police on a Black man
who was birdwatching in Central Park. As Roberts writes [28], this example carries forward
a long history of racism that existed at the time when Central Park was built in the 1850′s,
when the park became an urban oasis for White people with privilege, and largely excluded
People of Color. Roberts [28] writes that it is not just Central Park where this exclusion
continues to occur, but in many urban parks and green spaces nationwide. The empirical
literature supports this proposition (e.g., Hoover and Lim [16], Joassart-Marcelli [34], and
Wolch et al. [35]). For example, Byrne [36] conducted focus groups with Latina women
living in Los Angeles, California, near an urban national park. Most participants in this
study expressed feeling ‘out of place’ and/or ‘unwelcome’ there. One Latina woman
expressed worry that a resident would call the sheriff if they saw a Latino in a part of the
park that was too close to the White neighborhoods.

Thus, it may be the case that inequities in sense of belonging may play a large role
in differences in urban nature visitation across racial/ethnic groups. To date, however,
most assessments of sense of belonging have been on people’s perceptions of their place
within a broader community or social group. Hagerty et al. [37], for example, described
belongingness as perceiving oneself as a part of, and integral to, the collective whole.
Hagerty and Patusky [38] went on to develop the Sense of Belonging Instrument (SOBI),
which includes items with imagery evoking social alienation. One example is an item that
reads: “I feel like a square peg trying to fit into a round hole”.

Other lines of investigation that touch on sense of belonging are studies that focus
on sense of place and place attachment. Sense of place is an overarching construct that
describes one’s feelings towards a place [39]. Place attachment, a subset of sense of place,
more specifically refers to the positive connection between an individual and a specific
place [40]. Peters et al. [41] used the idea of place attachment to better understand whether
urban parks encourage social cohesion within a neighborhood. The study, which took place
in the Netherlands, found that establishing an attachment to urban nature was associated
with increased social cohesion amongst non-Western Dutch immigrants.

The literature on People of Color’s feelings of exclusion from urban nature spaces
shows a relationship between three dimensions: The self, the social, and nature. Sense of
belonging, as it is currently characterized in the literature, largely centers around one’s
place within society, capturing the self and the social dimensions, and lacks the relationship
to nature dimension. Sense of place and place attachment both focus on the relationship
between the individual and nature, but do not include a larger social dimension. A sense
of belonging in urban nature measurement has the potential to bridge the self, the social,
and nature to understand the intricate relationships between these dimensions. For our
purposes, the limitation with the existing bodies of literature related to belongingness is
that they do not focus directly enough on experiences of exclusion, especially those due to
a historical legacy of racism, in the context of urban nature.
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Jennings et al. [42] described how addressing one instantiation of environmental
injustice is not sufficient to tackle systemic environmental racism. In the case of urban
nature, seeking to address inequitable feelings of belonging alone cannot deal with the deep
history of racism in the US that has fed into today’s exclusion of People of Color from urban
nature spaces. Nonetheless, we view sense of belonging in urban nature as a significant
theme seen throughout the environmental justice literature worthy of investigation.

One study that made a substantial contribution to this concept is from Pipitone
and Jović [33]. They measured participants’ sense of belonging in urban green space
before and during the COVID-19 pandemic through a single 4-point ordinal scale question
(with response options of “very strong”, “somewhat strong”, “somewhat weak”, “very
weak”, and “I don’t know”) adapted from Rugel et al. [43] which reads” “How would you
describe your sense of belonging to local parks or urban green space?” This study found
no significant difference in sense of belonging between White and non-White participants
before COVID-19. Four months into the pandemic, White participants’ sense of belonging
was marginally significantly higher than that of non-White participants [33].

To the best of our knowledge, there is no existing scale or multi-item measurement
that directly assesses sense of belonging in urban nature. Thus, this study sought to initiate
the creation of such a measurement, and then to use it in our present investigation.

1.4. The Present Investigation

In this study, we investigated whether there were inequitable effects during the early
period of COVID-19 in terms of the experience of urban nature across four racial/ethnic
groups residing in Seattle, Washington: Asian, Black, Latino, and White. More specifically
we sought:

1. To assess the frequencies of urban nature interactions before and during COVID-19
across the four racial/ethnic groups;

2. To test for differences in average change in frequency of urban nature interaction
before and during COVID-19 across the four racial/ethnic groups;

3. To test whether there were inequitable effects of COVID-19 on the frequency of urban
nature interaction before and during COVID-19, and to test for a significant effect
of three variables: perceived coronavirus threat, perceived quality of nearby urban
nature, and sense of belonging in urban nature, controlling for age, gender, income,
and pre-pandemic frequency of urban nature interaction;

4. To gather themes of exclusion from urban nature among People of Color in the US to
develop an exploratory new measure for sense of belonging in urban nature, and to
employ the measure across the four racial/ethnic groups;

5. To characterize the types of urban nature interaction that residents engaged in before
and during the pandemic to add depth to discussions of urban nature interaction.

2. Materials and Methods

2.1. Study Site

Seattle is located in the state of Washington in the Pacific Northwest of the United
States. Seattle has a population of 737,015 [44]. Of Seattle’s population, 67.3% identifies as
White, 15.4% Asian, 7.3% Black or African American, 6.7% Hispanic or Latino (of any race),
0.5% American Indian and Alaska Native, and 0.3% Native Hawaiian and other Pacific
Islander. Those who identify as some other race constitute 0.3% of the Seattle population
and those who identify as two or more races constitute 6.9%. The median household
income of Seattle is USD 92,263 [44].

Williams et al. [45] found Seattle to have less inequity in urban nature access compared
with other major cities in the US including Atlanta, GA; Baltimore, MD; Detroit, MI; and
Los Angeles, CA. Nonetheless, inequities in urban nature are prevalent. In Seattle, the
amount of urban canopy cover in a given census tract is inversely correlated with the
proportion of People of Color living in the census tract [46].
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Seattle has a long history of racial segregation that has shaped the city. From 1910 to
1960, many Seattle housing property deeds contained clauses that explicitly prohibited
People of Color or other discriminated communities from renting or buying the property.
By the 1920′s, certain areas of what were called the Central District and Chinatown were
the only “open neighborhoods” available to People of Color [47]. Today, Seattle’s Central
District and International District (formerly Chinatown) are composed of 35.5% and 66.8%
non-White residents, respectively. Both the Central District and International District have
significant gaps in urban nature accessibility [48].

2.2. Participant Recruitment

Participants were primarily recruited online via the social media platforms Facebook
and Instagram (both owned by the company Meta). Pay-per-click Facebook and Instagram
ads were run by study researchers. These ads provided a short description of the study,
advertised participant compensation, and provided a link to the study’s eligibility question-
naire. These ads resulted in about 108,939 ‘impressions’ (the number of times the ad is seen
by a user. Users may have seen the ad more than one time). Ads were shown to Facebook
and Instagram users aged 18 and over. Ads were dispersed equally to users residing within
a 10-mile radius of downtown Seattle, encompassing the entire city of Seattle.

A Facebook post with identical information to the ad was shared in various community
Facebook Groups. The posts were shared in general Seattle groups (such as ‘Mt. Baker
Neighborhood, Seattle’ and ‘Beacon Hill Social Club’), as well as in Facebook groups for
Seattle residents of a specific race/ethnicity (such as ‘Seattle Latinx Pride’ and ‘Families of
Color Seattle’). The study description and eligibility questionnaire link were also distributed
by study researchers to personal and professional connections via email to reach more
potential participants. Although we do not know the exact reach of the free Facebook ads
or emails, we may reasonably assume the reach of the paid Facebook ads far surpassed the
reach achieved through free Facebook posts and email sharing.

Due to the recruitment method, participants were primarily drawn from Facebook
and Instagram users, introducing a bias and excluding those who do not use those social
media sites. Despite this drawback, Facebook advertising has become a common research
recruitment technique and has been shown to result in fairly representative samples [49].
Reagan et al. [50] conducted a review of 18 studies that implemented Facebook advertising
and free Facebook posts as recruitment techniques. Many of the included studies focused
on sampling vulnerable populations. Reagan et al. concluded that Facebook and Instagram
ads were effective recruitment methods stating, “ . . . paid ads may increase the likelihood
of reaching the target population and maximizing sample accrual.”

Individuals interested in participating in the study were directed to an eligibility ques-
tionnaire hosted on Qualtrics where they provided responses used to determine eligibility.
Prior to beginning the eligibility questionnaire, participants viewed a consent form and
provided acknowledgement of consent. To be eligible for participation, individuals must
reside within Seattle city limits, have lived in the same residence since at least fall 2019,
be at least 18 years of age, be able to read and write English, and identify as Asian, Black
or African American, Hispanic or Latino, or White. Individuals who identified as any
other race/ethnicity or more than one race/ethnicity were not eligible. Eligible partici-
pants received a link to take the main survey after completing the eligibility questionnaire.
Participants who completed the main survey received a USD 10 Amazon gift card via
email. This study was approved by the University’s Institutional Review Board (IRB ID:
STUDY00011290).

2.3. Data Collection

Data collection began in January of 2021 and concluded March 2021. A quota sampling
technique was used to achieve an equal number of participants in each of the four included
racial/ethnic groups (Asian, Black, Latino, and White). After receiving 75 responses from
White participants, White participant recruitment ceased and the survey was modified
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so that only Asian, Black, and Latino individuals were eligible. Similarly, after 75 Asian
responses were collected, Asian participant recruitment closed. A total of 78 responses
from Latino individuals and 80 responses from Black individuals were received before
the survey fully closed. A total of 75 participant responses were randomly sampled from
each of these two groups to achieve an equal sample size between the four racial/ethnic
groups. It was important for this study to strive for equal representation of the included
four racial/ethnic groups. Equal representation, something that is not common among
urban nature studies, allows for comparisons between racial/ethnic groups to be made
with more confidence, enabling the results to speak to any urban nature inequities that
are found.

2.4. Participant Characteristics

The sample consisted of 300 participants with 75 participants in each racial/ethnic
group (Asian, Black, Latino, and White). It is worth noting that participants declared their
race as part of this survey but were not asked to share any information about their cultural
background, which may impact one’s urban nature interaction habits. Participants indi-
cated their total household income via income categories. The median annual household
income category for the sample was USD 75,000–USD 99,000, encompassing the Seattle
median of USD 92,263 [44]. There were slightly more females (56%) than males (42%) in the
sample. Participants provided their age according to age categories, with the median age
category being 25–34 years of age. This is just under the median Seattle age of 34.7 years of
age [44].

2.5. Survey Instrument

A 25-minute survey consisting of 48 multiple-choice, Likert scale, and open-ended
questions was administered to participants. This online survey was hosted on Qualtrics.
The survey sought to capture changes in urban nature visitation 6 months into the pandemic
as well as evaluate participants’ urban nature perceptions and values. The following
definition of urban nature was provided to participants before and throughout the survey:
“Urban nature refers to parks, green areas, open spaces, and places with water, vegetation,
and/or animals within the city of Seattle. Urban nature does not include things you may
pass by briefly, such as trees along a sidewalk. Nature elements which one may pass by
briefly, such as urban street trees, were not included as urban nature for this study to place
more emphasis on urban nature spaces one may intentionally seek to spend time in.”

To understand how participants’ urban nature use changed during the COVID-19 pan-
demic, a set of questions was provided twice within the survey. The first time, participants
were asked to reflect to their experiences in fall 2019 (before the COVID-19 pandemic).
Participants were then provided the same set of questions and asked to respond according
to their recent experiences in fall 2020 (about 6 months into the COVID-19 pandemic). Fall
was chosen as the reference period for both before the pandemic and during the pandemic.
One reason for this was to reduce variability that may be due to different levels of outdoor
activity throughout the year. The second time point was positioned 6 months into the
COVID-19 pandemic in an attempt to accurately represent how the pandemic may affect
urban residents long term. The immediate changes to urban nature interaction during the
early months of the COVID-19 pandemic may be more extreme or different than those
changes seen further into the pandemic. With future disruptive events possibly affecting
urban life for extended periods of time, a moderately long time span of 6 months may be
most appropriate when assessing the impacts of the event.

2.6. Measures

The key measurements and scales included in this survey are below:
Types of Urban Nature Interaction: To attain some specificity in Seattle residents’

urban nature interactions, this survey asked about the types of urban nature activities
participants engaged in. Participants were provided a list of 20 common activities in urban
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nature such as walking a dog and having a picnic. They were asked to indicate all urban
nature activities which they had enacted in fall 2019 and fall 2020. These data draw upon
Interaction Pattern Theory, a way of characterizing the meaningful and instantiated ways
in which people interact with nature [51–54]. These data were collected to add more depth
to our understanding of how urban nature interaction changed during the pandemic, if
at all. Although we consider these data exploratory, they allow for greater nuance when
considering how resiliency might be increased in urban communities.

Frequency of Urban Nature Interaction: Within this group of pre- and during COVID-
19 questions, participants were asked about how frequently they spent time in urban nature
in fall 2019 and fall 2020. This question read: “Over the course of fall [2019 or 2020], how
frequently did you spend time in or around urban nature?” Participants responded to this
multiple-choice question with how many days per week, on average, they spent time in or
around urban nature in fall 2019 (before the pandemic) and fall 2020 (about 6 months into
the pandemic). Multiple-choice response options included: “Less than once per month”,
“1–3 times per month”, “Once per week”, “2–3 days per week”, “4–5 days per week”,
“6 days per week”, and “Daily”. These responses were converted to days per month. The
average of each response option was used (e.g., “Less than once per month” was replaced
with 0 days per month, “2–3 days per week” was replaced with 10 days per month, and
“Daily” was replaced with 28 days per month).

Urban Nature Conservation Values: A single Likert scale question was used to mea-
sure participants’ perceived level of importance of urban nature conservation to test for
association with sense of belonging in urban nature. One’s urban nature conservation val-
ues were assessed through the question: “How important to you is the protection of urban
nature?” The 5-point Likert question response options ranged from not at all important
(1) to very important (5).

Perceived Coronavirus Threat Questionnaire (short): Three measures were explored
as possible explanatory variables for the differences in the effects of COVID-19 on urban
nature interaction frequency. The first was the short version of the Perceived Coronavirus
Threat Questionnaire, developed and validated by Conway et al. [55]. This scale is used to
assess the level of which participants were fearful of the COVID-19 virus. This measure
was included as spending time in urban nature may mean being in close proximity to other
people. During the COVID-19 pandemic, this may motivate city residents to spend less
time in urban nature. This shortened scale was modified from a 7-point Likert scale to a
5-point Likert scale ranging from not at all true of me (1) to very true of me (5). The scale
includes three items which read: “Thinking about the coronavirus (COVID-19) makes me
feel threatened.”; “I am afraid of the Coronavirus (COVID-19).”; “I am stressed around
other people because I worry I’ll catch the coronavirus (COVID-19).” Cronbach’s alpha for
the Perceived Coronavirus Threat Questionnaire in this study was 0.74.

Perceived Green Space Quality Scale: The second measure explored as a possible
explanatory variable for the differences in the effects of COVID-19 on urban nature inter-
action frequency was the Perceived Greenspace Quality Scale [56]. As previously noted,
urban nature quality is a key dimension of accessibility, and can provide insight into why
an urban nature spot might not be visited. This scale was adapted by replacing the term
“greenspace” with “urban nature”. The 10-point Likert scale was converted to a 5-point
Likert scale ranging from completely disagree (1) to completely agree (5). Examples of items
in this scale include: “My neighborhood has safe urban nature spots.”; “My neighborhood
has well-maintained urban nature spots.”; “My neighborhood has beautiful urban nature
spots.” Cronbach’s alpha for the Perceived Greenspace Quality Scale in this study was 0.84.

Sense of Belonging in Urban Nature Questionnaire: The third measure we sought
to explore as a possible independent variable for changes in frequency of urban nature
interaction was sense of belonging in urban nature. No existing measurement fit the
requirements for this measure, so an exploratory questionnaire was developed for this
study. This measure, which we call the Sense of Belonging in Urban Nature Questionnaire,
was intended to better understand experiences of inequity in urban nature, specifically as it
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relates to one’s sense of belonging. Each of the six items in this questionnaire correspond to
a larger overall theme of inequity distilled from the existing literature. (See Table 1 for all
items and corresponding literature). Participants responded to each item on a 5-point Likert
scale ranging from completely disagree (5) to completely agree (1). Internal reliability of
this questionnaire was high (Cronbach’s alpha = 0.84); however, this questionnaire remains
unvalidated. The Sense of Belonging in Urban Nature Questionnaire is composed of six
themes that characterize six racial/ethnic inequities in the pursuit of characterizing one
facet of environmental racism. White people (of any nationality) form the majority in the
US and do not, for the most part, face racial discrimination or racial inequities in the US,
and by extension, in urban nature spaces. It is for this reason that the sources for the Sense
of Belonging in Urban Nature Questionnaire are all grounded in the experiences of People
of Color in the US.

Table 1. The Sense of Belonging in Urban Nature Questionnaire.

Theme Item

Ease of Access [22,36,57–62] “It is not easy for me to get to a park or other urban nature
spot near my home.”

Safety [13,25,36,60,61,63,64] “When in an urban nature spot near my residence, I fear for
my own safety or the safety of others around me.”

Feeling Out of Place [25,36,64,65] “I feel out of place in the urban nature spots I visit.”
Unwelcomeness [13,36,61] “I feel unwelcome by others when in urban nature.”

Institutional Acceptance [13,26,28,36,65] “I feel uncomfortable when I see a park management
employee when in urban nature.”

Different Ways of Interacting with Nature
Acceptance [13,36,66–68]

“I feel that the way I use urban nature is unwelcome or
unaccepted by other visitors.”

The six themes of racial/ethnic inequities that form the Sense of Belonging in Urban
Nature Questionnaire were identified through a literature review of social barriers to urban
nature use among People of Color in the US and the resulting feelings of exclusion. The
themes included in the sense of belonging measurement are by no means the only ways in
which Communities of Color feel excluded from urban nature. Nor are they likely uniform
for experiences across all Communities of Color. The themes of inequity included in the
exploratory Sense of Belonging in Urban Nature Questionnaire are intended to characterize
broad ways in which exclusion presents. The sense of belonging inequity themes are Ease
of Access, Safety, Feeling Out of Place, Unwelcomeness, Institutional Acceptance, and
Different Ways of Interacting with Nature Acceptance. See Table 1 for source literature for
each theme. Descriptions of these inequity themes are below:

• Ease of Access: this theme characterizes difficulties in spending time in urban nature
due to socioeconomic inequities including proximity to nearby urban nature, poor
quality of nearby urban nature, lack of free time, and transportation limitations;

• Safety: one is less likely to feel a sense of belonging in urban nature if spending time
in urban nature poses a risk to personal safety or the safety of others;

• Feeling Out of Place: This theme seeks to capture feelings of not belonging or fitting
in within the landscape. There are several factors that may lead to one feeling out
of place in urban nature spaces. Some include having very limited representation of
People of Color in nature spaces, cultural expectations and norms, and being the only
Person of Color in an urban nature space;

• Unwelcomeness: Feelings of not belonging in urban nature can arise from external
exclusion from those in the White majority. Overt and covert messages from White
individuals in urban nature spaces can send a clear message of unwelcomeness to
People of Color in the space;

• Institutional Acceptance: If People of Color are not accepted in urban nature on an
institutional level, urban nature spaces and management practices reflect that. People
of Color may feel that urban nature areas were not created for them, with the design
catering to typically Eurocentric ways of interacting with urban nature. People of
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Color also experience conflicts with those who manage urban nature spaces due to
their presence in these spaces;

• Different Ways of Interacting with Nature Acceptance: People of Color may feel
that the way they use urban nature is not deemed acceptable or welcome by others.

2.7. Analysis

Participants’ frequencies of urban nature interaction in fall 2019 (before COVID-19)
and fall 2020 (6 months into COVID-19) were first compared between racial/ethnic groups.
The Kruskal–Wallis non-parametric equivalent to ANOVA was conducted to test whether
any pair(s) of racial/ethnic groups had significantly different frequencies of urban na-
ture interaction in fall 2019. The Kruskal–Wallis test uses ranked data points to test for
differences in the mean rank of each group in the independent variable. Dunn’s test for
stochastic dominance, a common post-hoc test following the Kruskal–Wallis test, was then
used to identify which pair(s) of racial/ethnic groups significantly differed in frequency of
urban nature interaction in fall 2019. The “dunnTest()” function in R was used with the
specification that the comparisons were one-sided. One-sided post-hoc tests allow for the
results to speak of directionality. The Bonferroni method was used to adjust the p-values of
this post-hoc test to reduce the familywise error rate associated with multiple testing. The
same process was then conducted to compare groups’ 2020 frequencies.

We used two linear regression analyses to test whether sense of belonging was signifi-
cantly associated with 2019 frequency of urban nature interaction and/or 2020 urban nature
interaction. Control variables were included in each regression model for race/ethnicity,
age, gender, and income.

To test whether a given racial/ethnic group experienced a significant change in fre-
quency of urban nature interaction, the average 2019 and 2020 frequencies were first
calculated for each group. One-tailed paired sample t-tests were then conducted within
each racial/ethnic group to compare their 2019 and 2020 average frequencies. Although
the distributions for 2019 and 2020 reported frequencies of urban nature interaction are
mildly non-normal, the sample size (300 total, 75 participants in each racial/ethnic group)
is large enough to justify the use of Student’s t-test. The tests were directional because
each group’s 2020 average frequency was observed, descriptively, to be either greater or
less than their 2019 frequency. Control variables such as age, gender, and income were
not included in these tests since the “before” and “during” data were for the same set of
participants. If these t-tests were significant, it meant the racial/ethnic group experienced a
significant increase or decrease (depending on the directionality of the test) in frequency of
urban nature interaction from fall 2019 to fall 2020.

We then tested whether the COVID-19 pandemic impacted the frequency of urban
nature interaction differently across racial/ethnic groups. The Kruskal–Wallis test was con-
ducted to test whether the observed changes in frequency were different across racial/ethnic
groups. Given that this test was significant, one or more pairs of racial/ethnic groups
experienced significantly different effects of COVID-19 on their frequency of urban nature
interaction. Dunn’s test for stochastic dominance was then used to identify which pair(s) of
racial/ethnic groups significantly differed in observed change to frequency of urban nature
interaction. A one-sided Dunn’s test was used for post-hoc comparisons in order to speak
about directionality of significant differences. The Bonferroni method was used to adjust
the p-values of this post-hoc test.

A stepwise regression analysis was conducted to test whether perceived coronavirus
threat, perceived urban nature quality, or sense of belonging in urban nature can partially
explain differences in the effects of COVID-19 on frequency of urban nature interaction.
The automated stepwise regression analysis was chosen because we were interested in
testing which variable(s), of the several that were of interest, significantly contributed to
the inequities in change in frequency of urban nature interaction. Control variables (age,
gender, income, and pre-pandemic frequency) were introduced to better isolate the effects
of racial/ethnic inequities. Age data were converted from categorical responses to integers
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by taking the average of the multiple response options for age (e.g., 18–24 years of age
was replaced with 21). Average annual income categories were similarly replaced with
the average for that response category and rounded to the nearest whole dollar (e.g., USD
50,000 to USD 74,999 was replaced with 62500). Less than USD 25,000 was replaced with
24999 and USD 200,000 or more was replaced with 200000. Pre-pandemic frequency of
urban nature interaction was included as a control variable as those with a high 2019 (pre-
pandemic) frequency have the potential for a larger decrease in average days per month
than those with a lower 2019 frequency (and vice versa for those who start with a low
2019 frequency). Perceived coronavirus threat, perceived quality of urban nature, and sense
of belonging variables were added to a regression formula with the control variables. The
dependent variable of this regression formula was change in frequency of urban nature
interaction. A forward and backward variable selection process was automated using the
“step()” command in R to select a formula-based linear regression model based on the
Akaike Information Criterion (See Table 2 for the automated variable selection steps). This
stepwise regression analysis removes any independent variables which do not significantly
contribute to partially predicting the outcome variable for the specified sample. Both
control and explanatory variables were permitted to be removed in this process. The
“step()” function returns the regression formula that includes the independent variables
which produce the lowest Akaike Information Criterion (AIC). The AIC value was used to
compare regression models with different independent variables and indicate which set
of variables best predict the outcome for that specific data set. This means that if another
sample were tested in the same way, a different combination of independent variables may
be returned by the stepwise analysis.

Table 2. The automated stepwise variable selection process.

Step Variable Removed Df Deviance Resid. Df Resid. Dev AIC

0 NA NA NA 287 12,408.43 1142.71
1 Gender 3 58.69 290 12,467.13 1138.12
2 Income 1 0.05 291 12,467.17 1136.12

3 Perceived
coronavirus threat 1 3.17 292 12,470.34 1134.20

4 Perceived urban
nature quality 1 13.56 293 12,483.90 1132.52

We used Kruskal–Wallis tests to observe whether sense of belonging in urban nature,
perceived quality of nearby urban nature, level of importance of nearby urban nature
conservation, and perceived COVID-19 threat level significantly varied across racial/ethnic
groups. If the Kruskal–Wallis test was significant, we then used Dunn’s test for stochastic
dominance to identify which pair(s) of racial/ethnic groups significantly differed. A one-
sided Dunn’s test was used for post-hoc comparisons in order to speak about directionality
of significant differences. The Bonferroni method was used to adjust the p-values of these
post-hoc tests.

The association between the level of importance one assigns to urban nature conserva-
tion and their sense of belonging in urban nature was explored using a linear regression
model. Importance of urban nature conservation was regressed onto several control vari-
ables (race/ethnicity, age, gender, and income) and responses to the Sense of Belonging in
Urban Nature Questionnaire. The covariate p values were used to assess whether sense of
belonging significantly predicted urban nature conservation values.

To analyze the types of urban nature interactions participants engaged in, frequencies
of occurrence for each activity in fall 2019 and fall 2020 were descriptively compared.
Comparisons were made for the entire sample as well as within each racial/ethnic group.
Since this data are exploratory and was collected via two ‘check all that apply’ questions,
the authors found descriptive analysis to be sufficient in this case.
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We analyzed all data in RStudio version 1.4.1103. Statistical significance was α = 0.05
for all inferential analyses.

3. Results

3.1. Frequencies of Urban Nature Interaction before and during COVID-19

In fall 2019 (before the COVID-19 pandemic), White participants spent time in or
around urban nature most frequently with an average of 11.20 days per month (SD = 8.43)
(see Table 3). This was followed by Black (M = 8.32, SD = 6.50) and Latino participants
(M = 7.65, SD = 6.40). White participants did not spend time in urban nature significantly
more frequently than Black (adjusted p = 0.584) or Latino participants (adjusted p = 0.064)
during this time. Average frequency of urban nature interaction for Asian participants
(M= 7.81) was significantly lower than that of White participants (M = 7.81, adjusted
p = 0.004).

Table 3. Average measurement values across racial/ethnic groups.

Measurement Average (SD)

Asian Black Latino White

2019 Frequency 1 7.81 (8.21) 8.32 (6.50) 7.65 (6.40) 11.20 (8.43)
2020 Frequency 7.09 (8.47) 4.56 (6.24) 5.55 (7.12) 12.35 (8.99)
Change in Frequency (δ) 2 −0.72, −9.22% (8.08) −3.76, −45.19% (6.42) −2.12, −27.71% (6.75) 1.15, +10.27% (8.56)
Perceived Coronavirus Threat
(Low: 3, High: 15) 12.15 (2.08) 12.88 (1.70) 12.25 (1.99) 11.87 (2.61)

Perceived Urban Nature
Quality (Low: 6, High: 30) 24.07 (4.09) 21.76 (4.78) 22.31 (4.15) 24.61 (4.99)

Sense of Belonging in Urban
Nature (Low: 6, High: 30) 23.24 (4.62) 18.56 (4.75) 20.12 (5.21) 25.31 (4.41)

Level of Importance of Urban
Nature Conservation (Low: 1,
High: 5)

4.80 (0.40) 4.44 (0.78) 4.64 (0.63) 4.97 (0.16)

1 All frequency values are provided in average number of days per month. 2 The bolded Change in Frequency
values indicate that the racial/ethnic group experienced a significant change in frequency from fall 2019 to
fall 2020.

About 6 months after the start of the pandemic (in fall 2020), White participants still
had the most frequent urban nature interaction with an average frequency of 12.35 days per
month (SD = 8.99). Asian participants had the next most frequent urban nature use with
an average of 7.09 days per month (SD = 8.47). This was followed by Latino participants
(M = 5.55, SD = 7.12) and Black participants (M = 4.56, SD = 6.24). About 6 months after
the pandemic began, the average frequency of urban nature interaction among White
participants was significantly higher than that of Asian (adjusted p < 0.01), Latino (adjusted
p < 0.001), and Black participants (adjusted p < 0.001). The Asian, Latino, and Black
frequencies did not significantly differ from each other.

3.2. Average Change in Frequency of Urban Nature Interaction

This study investigated whether each racial/ethnic group experienced a change in
frequency of urban nature interaction from before the pandemic to during the pandemic.
There was no significant difference in the frequency of urban nature interaction for White
and Asian participants from fall 2019 to fall 2020. Latino and Black participants, however,
experienced a significant decrease in frequency of urban nature interaction 6 months into
the COVID-19 pandemic (see Figure 1).

White participants experienced no significant change in average days per month spent
in urban nature from fall 2019 to fall 2020 (δ = 1.15; p = 0.125; H0: δ �≥ 0; 95%CIlow: −0.50).

Asian participants experienced no significant change in average days per month spent
in urban nature from fall 2019 to fall 2020 (δ = −0.72; p = 0.222; H0: δ �≤ 0; 95%CIhigh: 0.84).

Latino participants experienced a significant decrease in average days per month spent
in urban nature from fall 2019 to fall 2020 (δ = −2.12; p < 0.004; Ha: δ ≤ 0; 95%CIhigh: −0.81).
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Black participants experienced a significant decrease in average days per month spent
in urban nature from fall 2019 to fall 2020 (δ = −3.76; p < 0.001; Ha: δ ≤ 0; 95%CIhigh: −2.53).

Figure 1. Change to average frequency of urban nature interaction among each racial/ethnic group.

To test whether COVID-19 impacted frequency of urban nature interaction significantly
unequally amongst racial/ethnic groups, changes to frequency of urban nature interaction
were compared across racial/ethnic groups. The Kruskal–Wallis non-parametric equivalent
to ANOVA was used. This test was significant (p < 0.001), meaning the COVID-19 pandemic
did not impact frequency of urban nature interaction equally across racial/ethnic groups.

Black participants were impacted to a greater degree than White participants (adjusted
p < 0.001). Latino participants were impacted to a greater degree than White participants
(adjusted p = 0.009). Black participants’ frequency of urban nature interaction was also
impacted significantly more than that of Asian participants (adjusted p = 0.009). No other
pairings of racial/ethnic groups significantly differed in change to frequency of urban
nature interaction.

3.3. Independent Variables for the Inequitable Effects of COVID-19

With the observed disparate outcomes in frequency of urban nature interaction during
COVID-19, we tested whether perceived coronavirus threat, perceived quality of nearby
urban nature, and/or sense of belonging in urban nature at least partially contribute to this
disparity. Based on an automated stepwise variable selection, it was determined that the
combination of race/ethnicity, age, pre-pandemic frequency of urban nature interaction,
and sense of belonging best predict the changes to frequency of urban nature interaction of
this study’s sample (AIC = 1132.52). To attain the smallest AIC value, perceived coronavirus
threat, perceived quality of nearby urban nature, gender, and income variables were
removed from the regression formula. This result shows that the effects of COVID-19
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on frequency of urban nature interaction are associated with sense of belonging in urban
nature, pre-pandemic frequency of urban nature interaction, race/ethnicity, and age. This
regression shows that participants with a lower sense of belonging in urban nature lost
more time in urban nature during COVID-19. It is important to note here that neither
race/ethnicity, age, pre-pandemic frequency, sense of belonging, nor the combination of
these variables can fully explain the changes to frequency of urban nature interaction.
However, it is of interest to see which of the included variables in this study best fit the
outcome data.

With sense of belonging in urban nature significantly contributing to changes in fre-
quency of urban nature interaction from 2019 to 2020, we tested whether sense of belonging
was significantly associated with either 2019 frequency of urban nature interaction or
2020 frequency of urban nature interaction. Sense of belonging in urban nature did not sig-
nificantly predict frequency of urban nature interaction in fall 2019 (p = 0.211) but predicted
frequency of urban nature interaction in fall 2020 (p = 0.001).

3.4. Sense of Belonging in Urban Nature

White participants descriptively responded with the highest sense of belonging in
urban nature (M = 25.31, SD = 4.4) followed by Asian (M = 23.24, SD = 4.62), Latino
(M = 20.12, SD = 5.21), and Black participants (M = 18.56, SD = 4.75) (see Figure 2, Table 3).
A Kruskal–Wallis test shows disparities in sense of belonging in urban nature across
racial/ethnic groups (p < 0.001). White participants had a significantly higher sense of
belonging in urban nature than that of Latino (adjusted p < 0.001) and Black participants
(adjusted p < 0.001). Sense of belonging among Asian participants was significantly higher
than that of Latino (adjusted p < 0.002) and Black (adjusted p < 0.001) participants.

 

Figure 2. Average sense of belonging in urban nature for each racial/ethnic group.

Using a linear regression with control variables for race/ethnicity, age, gender, and
income, sense of belonging in urban nature was found to significantly predict partici-
pants’ reported importance of urban nature conservation (p = 0.02). Participants with
a higher sense of belonging in urban nature put a higher level of importance on urban
nature conservation.
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3.5. Perceived Quality, COVID-19 Threat Level, and Importance of Urban Nature Conservation

A Kruskal–Wallis test revealed that at least one pair of racial/ethnic groups signifi-
cantly differed in their level of importance of nearby urban nature conservation (p < 0.001).
Dunn’s test shows that the average response to the Perceived Coronavirus Threat Ques-
tionnaire among Black residents (M = 4.44, SD = 0.78) was significantly lower than that of
Asian residents (M = 4.80, adjusted p = 0.0034) and White residents (M = 4.97, adjusted
p < 0.001) (see Table 3).

We found significant differences between at least one pair of racial/ethnic groups in
terms of perceived quality of nearby urban nature (p < 0.001). Black participants scored sig-
nificantly lower on the Perceived Green Space Quality Scale (M = 21.76, SD = 4.78) compared
with both Asian (M = 24.07, adjusted p = 0.007) and White participants (M = 24.61, adjusted
p < 0.001). Latino participants also scored significantly lower (M = 22.31, SD = 4.15) than
both Asian (adjusted p = 0.03) and White participants (adjusted p < 0.001) (see Table 3).

No significant differences in perceived coronavirus threat were observed between
racial/ethnic groups.

3.6. Types of Urban Nature Interactions

Prior to the pandemic, participants of this sample descriptively took walks with
other people more frequently than they took walks alone. Six months into the pandemic,
participants more frequently took walks alone than took walks with other people (see
Table 4 for descriptive frequencies of each activity before and during the pandemic). This
pattern holds true descriptively within each racial group except for Latino and White
participants. Latino participants more frequently took walks alone before the pandemic.
White participants more frequently took walks with other people during the pandemic.

Table 4. Types of urban nature interaction before and during the COVID-19 pandemic.

Frequency (%)

n = 300 Asian (n =75) Black (n = 75) Latino (n = 75) White (n = 75)

Urban Nature Interaction 1 Before During Before During Before During Before During Before During

Took a walk with other people 194 (65) 137 (46) 53 (71) 38 (51) 37 (49) 15 (20) 40 (53) 24 (32) 64 (85) 60 (80)
Took a walk alone 179 (60) 164 (55) 51 (68) 47 (63) 26 (35) 24 (32) 44 (44) 36 (48) 58 (77) 57 (76)
Sat in nature 155 (52) 116 (39) 38 (51) 30 (40) 24 (32) 18 (24) 40 (53) 24 (32) 53 (71) 44 (59)
Enjoyed the stillness and
quietness of nature 153 (51) 129 (43) 39 (53) 29 (39) 28 (37) 21 (28) 40 (53) 35 (47) 46 (61) 44 (59)

Watched the sunrise or sunset 137 (46) 108 (36) 32 (43) 14 (19) 14 (15) 20 (27) 36 (48) 26 (35) 55 (73) 48 (64)
Looked out at a large view
of water 135 (45) 112 (37) 41 (55) 34 (45) 9 (12) 8 (11) 32 (43) 20 (27) 53 (71) 50 (67)

Ran or jogged 129 (43) 72 (24) 34 (45) 19 (25) 30 (40) 12 (16) 37 (49) 17 (23) 28 (37) 24 (32)
Looked out at a large view of
the city 97 (32) 77 (26) 31 (41) 24 (32) 4 (5) 1 (1) 19 (25) 13 (17) 43 (57) 39 (52)

Had a picnic 94 (31) 57 (19) 27 (36) 18 (24) 9 (12) 1 (1) 23 (31) 13 (17) 35 (47) 25 (33)
Looked at wildlife 84 (28) 71 (24) 23 (31) 13 (17) 5 (7) 2 (3) 14 (19) 10 (13) 42 (56) 46 (61)
Rode a bike 83 (28) 62 (21) 16 (21) 11 (15) 11 (15) 6 (8) 21 (28) 15 (20) 35 (47) 30 (40)
Walked a dog 65 (22) 67 (23) 13 (17) 14 (19) 11 (15) 11 (15) 19 (25) 18 (24) 22 (29) 24 (32)
Tended to a garden 57 (19) 60 (20) 10 (13) 12 (16) 7 (9) 6 (8) 11 (15) 11 (15) 28 (37) 31 (41)
Played a sport 53 (18) 19 (6) 20 (27) 8 (11) 11 (15) 3 (4) 13 (17) 3 (4) 9 (12) 5 (7)
Watched my children play 49 (16) 36 (12) 13 (17) 9 (12) 17 (23) 11 (15) 10 (13) 9 (12) 9 (12) 7 (9)
Used a water vessel such as a
kayak, canoe, paddle board,
or sailboat

44 (15) 30 (10) 6 (8) 7 (9) 3 (4) 1 (1) 10 (13) 2 (3) 25 (33) 20 (27)

Collected berries, nuts,
mushrooms, greens, or other
edible items

44 (15) 29 (10) 11 (15) 8 (11) 4 (5) 1 (1) 8 (11) 3 (4) 21 (28) 17 (23)

Swam or submerged in water 37 (12) 24 (8) 5 (7) 5 (7) 4 (5) 2 (3) 9 (12) 3 (4) 19 (25) 14 (19)
Rode a skateboard or scooter 18 (6) 12 (12) 3 (4) 1 (1) 3 (4) 0 (0) 4 (5) 5 (7) 8 (11) 6 (8)
Volunteered with an
organization outside 14 (5) 5 (2) 4 (5) 0 (0) 0 (0) 1 (1) 4 (5) 0 (0) 6 (8) 4 (5)

Other 5 (2) 5 (2) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 5 (7) 3 (4)

1 The above types of interaction were presented to participants in a “choose all that apply” question. They were
asked to indicate all that they had enacted at each time point.
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4. Discussion

In the last decade, the research has increasingly shown that accessing and inter-
acting with nature is important for people’s physical and mental wellbeing (see, e.g.,
Bratman et al. [69]; Frumkin et al. [70] for comprehensive reviews). Nature experience is
linked, for example, to improved immune functioning, reduced diabetes, lower blood
pressure, better eyesight, improved postoperative recovery, and reduced mortality; and
to increased positive affect, improved manageability of life tasks, and decreases in mental
distress. Thus, during the beginnings of a pandemic, during a time of enormous uncertainty
and hardship on individuals, communities, and social systems, it seems to us prima facie
obvious that it would be good if all people can access nature, and thereby potentially buffer
some of the negative physical and mental outcomes caused by the pandemic.

With People of Color in the US being affected more acutely by COVID-19 than the
White population [1–6], it is reasonable to believe they stand to gain the most from urban
nature interaction. Yet, the COVID-19 pandemic may be disproportionately impacting
People of Color’s urban nature interaction just as it has disproportionately affected People
of Color in many other dimensions.

Within this framing, and with an equity focus, we investigated residents’ change in fre-
quency of nature access during the first 6 months of the pandemic across four racial/ethnic
populations in Seattle, WA. We found that Black and Latino Seattle residents experienced a
significant decrease in their frequency of urban nature interaction while Asian and White
residents experienced no change. This is not to say, however, that Asian Seattle residents in
other ways were not disproportionately affected by the pandemic during this time; they
were. For example, hate crimes against Asian Seattle residents increased 56% from 2019 to
2020 [71].

Among the various studies that have investigated differences across racial/ethnic
groups in urban nature interaction before and during the pandemic, the results of this study
support People of Color spending less time in urban nature after the onset of the pandemic.
Our results specifically align with those of Larson et al. [31], who found that Black and
Hispanic urban residents across cities of North Carolina have experienced a decrease in
urban park use during the COVID-19 pandemic.

What might have contributed to the inequitable outcomes in urban nature interaction
for Black and Latino residents? This study sought to uniquely approach this question
through the lens of belongingness. Across the environmental justice literature, there are
repeated themes of People of Color feeling excluded from urban nature spaces (see Table 1).
This novel study seeks to examine the role of belongingness in urban nature inequities
by developing an exploratory Sense of Belonging questionnaire. Results found sense of
belonging in urban nature to be significantly associated with participants’ changes in
frequency of urban nature interaction during COVID-19; specifically, those with a lower
sense of belonging (Black and Latino residents) experienced a greater loss of time in
urban nature, while those with a higher sense of belonging (Asian and White residents)
experienced no change.

While sense of belonging in urban nature was found to significantly contribute to
change in frequency of urban nature interaction, perceived coronavirus threat and perceived
urban nature quality did not. In terms of peoples’ wariness around COVID-19, it may be
the case that after 6 months of the pandemic people became less afraid of catching the virus
and so were comfortable in situations where they may be in closer proximity to others.
Especially when considering the reduced risk of infection in open air, people may have
been more willing to take risks to spend time in urban nature. It may also be that since
Seattle’s urban nature spaces are relatively spacious people felt comfortable spending time
in urban nature regardless of their perceived COVID-19 threat level.

It is not clear why perceived urban nature quality was not associated with changes
to frequency of urban nature interaction. We may hypothesize that perhaps the pandemic
had little effect on residents’ perceptions of the quality of nearby urban nature, and so it
did not affect whether people increased or decreased their time spent in urban nature.

248



Land 2022, 11, 1277

In addition to sense of belonging in urban nature, age and race/ethnicity were signifi-
cantly associated with changes to frequency of urban nature interaction. Race/ethnicity
being a significant variable is expected as we saw from previous results that racial/ethnic
groups experienced different effects on their time spent in urban nature during the first
6 months of the pandemic. It is less clear what the relationship between age and change
in frequency of urban nature interaction during the pandemic is. The regression formula
resulting from the stepwise variable selection process suggest that those older in age expe-
rienced less of a decrease in time spent in urban nature and were more likely to experience
no change. Further research is needed to investigate the role of age in changes to urban
nature interaction during the COVID-19 pandemic.

Other demographic variables, including gender and income, were not significantly
associated with changes to frequency of urban nature interaction during the COVID-19
pandemic. Given the existing literature, one might have expected that income would be a
significant independent variable. The fact that both income and gender were not, suggests
that the inequitable changes in frequency of urban nature interaction may be more closely
tied to racial/ethnic inequities than income or gender inequities.

While sense of belonging in urban nature was significantly associated with frequency
of urban nature interaction in fall 2020 (during COVID-19), it was not associated with
pre-pandemic frequency of urban nature interaction. This finding, combined with the fact
that sense of belonging was significantly associated with change in frequency of urban
nature interaction from 2019 to 2020, suggests that there may be some interplay between
sense of belonging in urban nature and the COVID-19 pandemic that has affected urban
nature interaction. It may be the case that COVID-19 exacerbated the exclusion of Black
and Latino residents from public spaces. For example, Hoover and Lim [16] described
how in New York City there were more police present in urban parks during COVID-19 to
enforce social distancing between visitors. This increased police presence likely heightened
the exclusion of Black individuals from those urban nature spaces [16].

In the coming years, as COVID-19 either abates or becomes endemic, an open and
important question is whether Black and Latino urban residents experience a rise in urban
nature visitation or return to their pre-pandemic frequencies of urban nature interaction.
Given the existing racial/ethnic disparities in urban nature, and urban environments in
general, as well as the disproportional impacts that COVID-19 has had on Black and Latino
communities, it seems possible that Black and Latino urban nature interaction will not
fully recover. With results of this study showing that sense of belonging is associated
with loss of time in urban nature, sense of belonging in urban nature may have decreased
among Black and Latino residents during the pandemic. This may lead to a cycle, wherein
a lower sense of belonging leads to less frequent urban nature interaction, which leads to
lower sense of belonging. If less frequent urban nature interaction observed during the
COVID-19 pandemic becomes a new normal, urban nature conservation values, and nature
conservation values as a whole, may decrease over time. These implications are further
discussed below.

Some evidence has shown that meaningful experiences in nature may be associated
with strong conservation values [72,73]. For those living in dense cities, the most readily
available nature that one may experience is urban nature. It is therefore plausible that in-
creasing access to urban nature may increase urban nature conservation values. Conversely,
if decreases in urban nature interaction among Black and Latino communities are main-
tained or continue post-pandemic, urban nature conservation values may decrease among
Black and Latino populations. With urban populations expected to continue to increase and
the degradation of the natural world persisting, it may become imperative to foster strong
nature conservation values among those living in the city. For urban residents who may
have limited experiences in more rural nature, meaningful experiences in urban nature can
act as a bridge towards becoming interested in the conservation of larger nature areas.

Our results additionally show that participants with a higher sense of belonging in
urban nature reported a higher level of importance of urban nature protection. This finding,
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combined with sense of belonging being associated with changes in frequency of urban
nature during the pandemic, provide some support for increased nature interaction being
associated with stronger conservation values. Furthermore, these results suggest it is
worth continuing investigations of sense of belonging in urban nature to provide evidence
of whether efforts to increase sense of belonging in urban nature, in addition to having
meaningful experiences in urban nature, would have impacts on conservation values.

Limitations

Achieving equal representation of the included racial/ethnic groups of this study
allowed for comparisons between groups to be made with higher confidence. This study
excluded several racial/ethnic groups including American Indian, Alaska Native, Native
Hawaiian, and Pacific Islander individuals. Those who identified as belonging to more
than one racial/ethnic group were also not eligible for participation. Research that includes
and appropriately represents these racial/ethnic groups is of importance in future research
given that these racial/ethnic groups are frequently underrepresented or not represented
at all.

Although recruiting participants for research studies through social media ads has
become fairly common, it introduces a bias in that it allows only for those with internet
connection, an internet-capable device, and a social media profile to participate.

This study’s definition of urban nature did not include natural elements one may
experience briefly, such as street trees, or experience from ones’ residence, such as nature
window views. The intent of excluding these types of nature was to focus on urban nature
spaces one may intentionally visit to experience slightly “larger” urban nature. However,
we recognize that there is a large body of literature examining the human benefits of urban
street trees (e.g., Mullaney et al. [74], Seamans [75], and Taylor et al. [76]) and window
nature views (e.g., Kahn et al. [77], Kaplan [78], Taylor et al. [79], and Ulrich [80]), as well
as characterizing racial inequities in the accessibility of these types of nature within the US
(e.g., Flocks et al. [81], Landry and Chakraborty [82], Li et al. [83]). Inequities in accessibility
to urban street trees and window views of nature during the pandemic may be associated
with changes in frequency of urban nature interaction. It may be the case that those who
benefit from accessibility to urban street trees and nature window views, more often those
who are wealthy and White, might not have been as inclined to visit what our study defined
urban nature spaces during COVID-19. Additionally, although we observed inequities in
changes to urban nature interaction over the course of the first 6 months of the pandemic,
this study does not fully capture inequities in the buffering effects of nature during the
pandemic, as benefits may have been gained by urban residents from types of nature not
included in our definition of urban nature (e.g., street trees and nature window views).

The Perceived Green Space Quality scale and the Sense of Belonging in Urban Nature
Questionnaire were provided at a single time point approximately 6 months into the
pandemic. The responses to these measurements were used alongside data that pertained
to both 6 months into the pandemic and fall 2019, before the COVID-19 pandemic. From
fall 2019 to fall 2020 there may have been changes to both perceived quality of nearby urban
nature and sense of belonging, and these changes may have been inequitably distributed
across racial/ethnic groups. Urban parks in predominantly Black neighborhoods tend to
be smaller in area [25]. During the pandemic, this may have meant those smaller parks
were more densely crowded. Due to COVID-19 precautions, one may consider more dense
parks to be of lower quality. This is one way in which the pandemic may have inequitably
affected the quality of urban nature in predominantly non-White neighborhoods. Sense of
belonging may have also been impacted to various degrees across racial/ethnic groups.
With the rise of anti- Asian American and Pacific Islanders (AAPI) violent attacks during
the pandemic, as have occurred in urban parks across the US [66], urban nature spaces may
have become less welcoming for Asian residents 6 months into the pandemic.

Two other limitations are worth noting: First, when participants took the survey in
winter 2020, they were asked to recall their experiences in fall 2019 and respond to certain
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questions accordingly. The pre-pandemic data are therefore not as reliable as it would have
been had this been a longitudinal study with two data collection periods. Second, the Sense
of Belonging in Urban Nature Questionnaire developed for this study, while achieving
high internal reliability, remains unvalidated. Further exploratory and confirmatory factor
analyses would be needed to validate this questionnaire.

5. Conclusions

Increasing access to urban nature among Black and Latino Seattle residents may
narrow inequities in who benefits from urban nature, including during times of major
disruption such as a global pandemic. Addressing the inequitable distribution of urban
nature benefits is sometimes discussed as one way to increase resiliency of predominantly
non-White neighborhoods [84]. However, the goal of increased resiliency, in some ways,
places the responsibility of recovering from disruptive events on Communities of Color
and does not address the underlying issues that lead to inequities in how Communities
of Color are affected by such events in the first place [85]. In the field of ecology, there
exists the concept of resilient and resistant plant species. Resilient plants are able to quickly
“bounce back” from damage such as being trampled. Resistant species, on the other hand,
are more impervious to trauma in the first place [86]. Mapping these terms onto inequities
in the effects of disruptive events among Communities of Color, it may be more beneficial
to address resilience and resistance among Communities of Color. Increasing urban nature
access may be one way of doing that. If a community already benefits from interacting
with accessible urban nature, they may be less prone to significant damages when major
disruptive events occur.

How may resistance and resilience among urban Communities of Color be strength-
ened to decrease the inequitable effects of future disruptive events? This study supports
that addressing inequitable access to urban nature and sense of belonging in urban nature
may be ways of doing so. Everyone in a city should feel equally welcomed in their city’s
urban nature regardless of race and ethnicity. Thus, the six themes identified across the
existing literature that compose the Sense of Belonging in Urban Nature Questionnaire,
Ease of Access, Safety, Feeling Out of Place, Unwelcomeness, Institutional Acceptance, and
Different Ways of Interacting with Nature Acceptance, may be entry points for city govern-
ments to begin to increase sense of belongingness among minoritized groups. Examples of
actions that city government agencies can take to target the inequity themes of the Sense of
Belonging in Urban Nature Questionnaire include:

• Direct urban parks budget to urban nature spaces predominantly serving People of
Color to increase Ease of Access, Safety, and Institutional Acceptance of urban nature
spaces near People of Color;

• Organize urban nature programming, specifically for Black or Latino urban residents,
to improve representation and increase belongingness in urban nature among Black
and Latino communities;

• Present urban nature information on signage and online in multiple languages to
increase urban nature accessibility;

• Increase representation of People of Color on urban park signage and websites;
• Improve racial/ethnic diversity of people hired into city government, especially depart-

ments which oversee urban nature areas (such as Parks and Recreation departments).

Examining how urban residents interact with nature prior to and during a major
disruptive event (such as the COVID-19 pandemic) may also be of aid in assessing the
potentially inequitable types of nature that different racial/ethnic groups have access to
and reimagining urban centers to be more sustainable, resilient, and resistant in the face of
future disruptive events. This study conducted exploratory investigations into the types
of interactions participants engaged in prior to the pandemic and during the pandemic
(presented in Table 4). In different parks in different locations, there should be equity, for
example, in how the parks allow people to sit in nature, have a picnic, engage in sports, run
or jog, ride a bike, walk a dog, sit, watch a sunset, watch one’s children play, look out on a

251



Land 2022, 11, 1277

water view or a city view, tend to a garden, and/or simply enjoy the quietness of nature.
This list is part of a larger approach to urban design, Interaction Pattern Design, that seeks
to maximize ways for people not only to access nature, but to interact with that they access
so that the interactions are engaging, meaningful, and self-reinforcing [46–49].

This list in Table 4 of interactions with nature can provide some insights for how to
better design urban nature for future pandemics and for increasing density. For example,
prior to the pandemic, Seattle residents took walks with other people more frequently
than they took walks alone. Six months into the pandemic, residents took walks alone
more frequently than with other people. This is likely due to social distancing mandates
and attempts to limit risk of contracting COVID-19. Thus, wide walking trails may be
increasingly important to implement. They not only allow for social distancing during
times of a pandemic but create the urban nature infrastructure that plans for what, in most
urban areas, will be increasing population density.

The results of this study may have larger international relevance in places that ex-
perience discrimination based on race, ethnicity, and other dimensions such as religion.
Regardless of whether these societal inequities are similar to those of Seattle, WA, or the US,
the general conclusions and implications may remain: that minoritized or vulnerable popu-
lations may be suffering more in terms of urban nature interaction during the pandemic,
and that these inequities may have significant effects on minoritized populations both
during the pandemic and moving forward. While the discussions and recommendations
included in this paper are directed towards Seattle, WA, the same principles may be applied
to other US and international locations where certain populations have lost more time in
urban nature during the pandemic than others.
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Notes

1 We recognize that the terms “People of Color” and “Communities of Color” can homogenize the experiences of different
racial/ethnic groups. Terms such as Black, Indigenous, and People of Color (BIPOC) are used to highlight the shared experiences
of colonization among Black and Indigenous communities. However, this study’s sample does not include indigenous people,
therefore we chose to use People of Color and Communities of Color throughout this paper. Additionally, we acknowledge that
within each racial/ethnic group included in this study, there is great variability in cultural norms and expectations, upbringing, etc.

2 Throughout this paper, ‘Black or African American’ is shortened to ‘Black’.
3 Latinx and Latiné have been used as alternatives to Latino in efforts to be more gender inclusive [7,8]. We recognize that there are

people who oppose the use of each of the terms Latino, Latinx, and Latiné within the Hispanic and Latino community [9,10].
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We also recognize the issue with researchers, often outside the Hispanic and Latino community, imposing Western norms and
altering the way that Hispanic and Latino individuals identify themselves and their community [9,10]. Here, Latino/a/x is used
to be inclusive of those within the community who identify as Latino or Latina, and those who wish to use an ungendered term.
Latino/a/x is shortened to Latino throughout this paper.

4 Urban nature in the case of this study refers to parks, green areas, and places with water, vegetation, and/or animals within a city.
5 This White perception of “untouched” nature erases the existence of Indigenous peoples of North America that molded the North

American landscape through burning and silvicultural practices for at least 20,000 years before European colonization [15].
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Abstract: This paper examines the debate over the place of “companion animal” public space
in China’s cities. With the COVID-19 outbreak, this debate has entered a new phase, where the
social response to the outbreak may have fundamentally changed the public’s use and perception
of “companion animal” public and pseudo-public space. This paper combines quantitative and
qualitative analysis of posts and comments on two of China’s largest social media platforms with
a big data approach, based on a case study in Beijing, China. There were statistically significant
differences in the perception and use of “companion animal” public spaces and pseudo-public spaces
before and after the pandemic. We attribute the impact of the pandemic on “companion animal”
spaces to three pathways: changes in opportunity, changes in ability, and changes in motivation. We
found that the pandemic led to an increase in the amount of time available to some people but a
decrease in the amount of “companion animal” public space available due to the pandemic closure. In
addition, the use of “companion animal” public spaces in pseudo-public spaces declined, while those
located within the open urban green space on the city’s outskirts stood out after the outbreak. With
the normalisation of the pandemic, there will be new challenges for the development and operation
of companion-animal-related public spaces in cities, which will be the next focus of research. In
addition, governments and social media should work together to promote and support sustainable
animal ethical practices to better respond to the crisis. These findings will help complement the urban
services system and guide future planning, design, and evaluation of related spaces.

Keywords: public space; privatisation; companion animals; animal ethics; China; COVID-19

1. Introduction

Cities, as spaces where high densities of people and goods congregate, provide an
important channel for spreading infectious diseases. Urbanisation promotes spatial overlap
between hosts within vectors, which facilitates the rapid spread of pathogens [1], as recently
shown by COVID-19. At least 60% of newly developing infectious illnesses are thought to
be spread from wild to domesticated animals and people [2]. According to recent research
investigations, it is likely that COVID-19 originates from zoonotic diseases [3]. In complex
urban systems, urban livestock and pet-keeping practices, the mobility of animals in urban
spaces, and the direct impact of urbanisation on their physical environment become driving
forces that may generate diverse transmission chains at the wildlife–domestic animal–
human interface [1,4]. Among these, urban companion animals, the leading domestic
animal species in urban spaces, have essential links and critical functions in the pandemic
transmission interface. In contrast to rural regions, companion animals are completely
included into family life in urban settings, where their living circumstances, such as free
range and frequent outdoor activities, may result in intimate encounters between human
and urban wildlife [5]. As a result, there is a renewed social debate about urban companion
animals [6,7].
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The study of companion animals In urban spaces has a long history in academia. Since
the development of zoogeography, the question of human–animal interactions in cities
and how different urban spaces shape complex, mutually constructed human–companion
animal relationships have been important research topics [8,9]. In the literature related to
humans and companion animals, in public spaces, in particular, dogs have been a very
important area of research [10], with research currently focusing on discussions around the
dichotomous relationship between human and companion animal oppositions in urban
spaces and the contradiction between better integrating dogs into social life and regulating
their rights in urban space [6,11].

At the same time, debates about the end of public space have gradually come to
the forefront with the rise of urban privatisation [12]. The most controversial of these is
privately owned public open space (POPOS) or private public space (POPS), as opposed
to publicly owned open spaces, such as parks and squares, which the government tra-
ditionally provides; it is an outdoor or semi-outdoor space on private land or private
property, built and managed by private investment in exchange for public use through
government incentives [12]. Therefore, some scholars have begun to examine the impact of
the privatisation of urban public space on companion animal space, mainly from a politics
of rights perspective. For example, Sue Donaldson has repeatedly discussed the negative
impact of the privatisation of public space on animal rights, highlighting the significant
practical and conceptual challenges facing “companion animal” public space [13]. Marie
Carmen argues that the privatisation of public space has given capitalist corporations free
reign over urban space to maximise their profits and infringe on the rights of companion an-
imals [14]. “Companion animal” public space is a relatively new but growing area of urban
research. In many countries, urban planners are beginning to incorporate this companion
animal element into land use decisions, with “companion animal” public space being one
of these [6]. In the United States, dog parks are common as “companion animal” public
spaces in cities across the country [10,15]. However, most cities in China lack dedicated
companion animal parks for humans to interact with their companion dogs, and thus the
relevant spaces in China are all rather vague.

The shift from an agrarian to an industrial, post-industrial, digital society has primar-
ily influenced the perception of companion animal spaces as “companion animal” public
spaces. However, the COVID-19 outbreak seems to have been a turning point, with the
government setting restrictions to limit social gatherings and crowding and to avoid conta-
gion. People have experienced a degree of lockdown, and society has changed significantly
in various ways [16,17]. The COVID-19 outbreak is likely to affect the perception and use
of “companion animal” public spaces. The possible impact of COVID-19 on public space
has been discussed in the literature [18–21]. However, there is still a lack of empirical
research on the “companion animal” public space in China. Thus, in the Chinese context
that is experiencing a new type of urbanism very different from that of the West [22,23], we
based our social media data on Weibo and Xiaohongshu, using content analysis methods
in conjunction with natural language (NLP) analysis and GIS spatial analysis to investigate
the extent to which the epidemic will change the way people perceive and use “companion
animal” public spaces and pseudo-public spaces. At the same time, we conducted semi-
structured in-depth interviews to support the validation and correction of the big data
findings in order to conduct a more in-depth study. The results of this study will help to
complement the functional system of urban services and guide the planning, design, and
evaluation of related spaces in the future.

2. Materials and Methods

Beijing is one of China’s most crowded and dynamic metropolises, with a relatively
well-developed public space infrastructure. Then, as one of the most thriving real-estate
markets in China, property values are well above the national average, with shopping
centres and commercial complexes ranked in the top tier in China. High property values
lead to gentrification, and there is a strong need for social isolation and spatial control of
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the city’s pseudo-public spaces. In addition, as Beijing is the capital, it is also representative
of the management of the pandemic. Thus, by choosing this city, we can better investigate
the effectiveness of urban governance of public and pseudo-public spaces for “companion
animals” during the outbreak.

As the study was conducted on “companion animals” in public and pseudo-public
spaces, urban companion animals do not have language skills, so we turned to the owners
who are closest to their companion animals and reflect their needs, as well as the public who
have a close relationship with them. According to the China Pet Industry White Paper 2021,
the number of pets in China is predicted to reach 220 million in 2022, with dogs accounting
for the largest share. Therefore, we decided to study the pet dogs that are kept in the largest
numbers and most studied in the literature. We first ruled out the questionnaire approach
due to its inherent reliance on participant responses, as there may be issues of recall
and social desirability bias [24]. In addition, the information received from participants
is difficult to verify independently, especially for green space surveys in the parkland
category, where there is a large margin of error [25]. There are also significant limitations
to direct in situ observations, as samples outside of a given observation time cannot be
reliably estimated, thus requiring multiple observations over different days and seasons to
ensure reliability [26], and thus direct observation studies that require significant time and
often lack longitudinal depth and breadth. At the same time, there are certain shortcomings
in big data methods of measurement, which can be well compensated for by in-depth
interviews [27]. In addition, Flick et al. mention that respondents’ views are more likely to
be expressed in a reasonably open design rather than in a standardised questionnaire [28].
Therefore, we selected a method of social media big data combined with semi-structured
in-depth interviews to investigate. The method we chose has three advantages.

Firstly, our comprehensive research methodology allows us to collect a wealth of data.
Social media data mining allows us to collect much larger volumes of data than traditional
field research, and computational profiling of the data helps us to perceive better and
identify the changing focus of urban perceptions and uses of public and pseudo-public
spaces for “companion animals”. Our analysis is based on verbatim and textual big data
analysis, which allows us to fully reflect the media landscape on the subject of urban
companion animals and urban multi-species interactions and relationships. The flexibility
and adaptability of in-depth interviews allows us to obtain more in-depth information and
evidence, and to explore more perspectives, layers, and dimensions of the issues uncovered
by social media data.

Second, the study data we used are reliable and general. Due to the internet’s ongoing
development over the past few years, it has integrated into people’s lives. The fast growth
of social media and the widespread use of smartphones have created more and more
well-liked and respected platforms for individuals to openly express their thoughts. New
methods for comprehending the traits of social activity are made available by the large
volume of data on social media. Textual data from social media create a large database of
public impressions, including information that is challenging to obtain through conven-
tional polls. In addition, the atmosphere on the internet is more relaxed and less morally
constrained, which better reflects the true psychological state of the interviewees. In-depth
interviews, although they may be subject to greater ethical and identity constraints, allow
for more in-depth and repeated discussion of certain topics and an understanding of the
reasons behind them. Fitting the results from the in-depth interviews to the big data, thus,
allows for a high degree of accuracy and generalisability of the data.

Thirdly, social media data combined with a semi-structured in-depth interview ap-
proach have allowed us to reflect public perceptions during the outbreak accurately. The
Chinese central government encouraged the populace to limit their exposure to public
settings after the COVID-19 outbreak. Provincial and local governments have proceeded to
create more stringent community access management measures in accordance with the cen-
tral government’s epidemic prevention plans, mandating the populace to remain indoors in
order to further stop the spread of the virus. Popular social media has consequently evolved
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into the fundamental platforms for individuals to learn about the progression of the disease
and share their opinions. Therefore, the greatest approach to comprehend public thoughts
and attitudes during an outbreak is through textual data from social media. Additionally,
because social media data are instantaneous, they may give quick and efficient feedback
on shifts in perception as the pandemic develops. At the same time, the semi-structured
in-depth interview approach makes up for the shortcomings of big data by providing a
great deal of in-depth information compared to the relatively short and fast information
conveyed by big data. It also provides a new perspective on public perceptions during
the outbreak.

However, it is equally important to recognise the limits of our strategy. Highly
diverse social media users occasionally influence and hold the perceptions of the general
population, limiting the representativeness of social media data for profiling. In addition,
the non-social-media-loving public may introduce more error into the analysis part of our
big data study, thus limiting the generalisation of the findings. Moreover, the study is only
at a preliminary stage, the scope of the study is limited to Beijing, China, and the number
of respondents in the in-depth interviews is limited by the study and, thus, the sample
size is small. In addition, the overall perspective of the study is from a macro perspective,
and future research is needed to combine more methods for multiple perspectives and
further segmentation.

Our research methodology was divided into primary data collection, data processing,
data analysis (including natural language (NLP) analysis and spatial and content analysis),
and semi-structured in-depth interviews, as shown in Figure 1. To collect data for the
study, we used a Python web crawler to search the original text posted by Weibo and
Xiaohongshu users from 1 May 2018 to 1 May 2022, restricting the search to Beijing, China,
based on the two Chinese keywords “dog walking space” and “good places to walk your
dog”, with the time interval divided into before (January 2020) and after the outbreak, as
shown in Appendix A Figure A1. We save the crawled blog data to a local server as the
main data source. Weibo is one of the most important social media platforms in China.
Similar to Twitter in its powerful interactive features and timely information updates, it
has a significant impact on the organisation of social life and public opinion. In the textual
resources of Weibo, key and commonly used words can reflect various public narratives and
the extent to which the public pays attention to these narratives [29]. Xiaohongshu (Little
Red Book), a lifestyle platform and consumer decision portal, can effectively complement
and corroborate the Weibo data with its “place seeding” and how-to reviews. Our next step
was to clean up the data by removing duplicate content and ads. We obtained a sample
of 26,550 valid blog posts, of which 13,150 were posted before the pandemic and 13,400
during the pandemic, totalling over 4.4 million words.

Figure 1. Framework diagram of research ideas.
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For the data processing, we used the content mining software ROST CM (WHU
version 6.0) to perform a natural language processing (NLP) analysis of the acquired textual
material. The starting point for the content analysis was to identify the most frequently
occurring semantic units in all the text material to provide an overview of potential research
topics. Thus, the first NLP analysis we performed was a word frequency analysis. After
building a custom lexicon relevant to the research subject, we filtered and segmented the
crawled Weibo and Xiaohongshu text data. We removed auxiliary words (e.g., “due to”,
“this”) and merged duplicate words (e.g., “don’t” and “can’t“, “dog”, and “hairy child”).
High-frequency feature words regarding public perceptions of urban companion animals
were identified through automatic software word separation and word frequency statistics.
Eventually, we produced perceptual word cloud maps of the most commonly used words
in the corpus, as shown in Figures 2 and 3, word frequency statistics for the top 40 words
before and during the pandemic, as shown in Table 1 and Word frequency rose charts,
shown in Figures 4 and 5.

Table 1. Frequency statistics for the top 40 words before and during the pandemic.

(Before the Outbreak) (During the Outbreak)

Rank Word Frequency Rank Word Frequency

1 Address 3562 1 Tickets 3120
2 Dog walking 2819 2 Location 2916
3 Traffic 2787 3 Parking 2752
4 Parking 2680 4 Free 2353
5 Tickets 2235 5 Pandemic 2073
6 Beijing 1388 6 Dog walking 1687
7 Netizen 1212 7 Weekends 1223
8 Navigation 975 8 Camping 1089
9 Kilometres 971 9 BBQ 986
10 Hours 863 10 Picnics 957
11 Support 851 11 Less and less 935
12 Pet friendly 796 12 Pets 926
13 Camping 785 13 Beijing 870
14 Location 754 14 The park is huge 855
15 Place 735 15 Photo shoots 823
16 Photo-taking 653 16 Good places to go 812
17 Minutes 640 17 Cost 801
18 Travel with dogs 628 18 Recommended 763
19 Today 617 19 Friendly 728
20 Less crowded 603 20 Address 682
21 District 579 21 Playability 656
22 Disadvantages 562 22 Dogs 621
23 Car journey 537 23 Blowing wind 607
24 Pet friendly park 439 24 Lawn 583
25 Tents 426 25 Recently 529
26 Overall rating 423 26 Next to 514
27 Kite flying 415 27 Cute pets 472
28 Fees 389 28 Minutes 453
29 Shiba Inu 354 29 Enjoy the flowers 422
30 Free parking 341 30 Scenic spots 395
31 Dogs can be walked 339 31 Enjoy the greenery 354
32 Golden retriever 315 32 Everyone 351
33 Self-drive 286 33 Around the area 315
34 No entrance fee 283 34 Suitable for 278
35 Recommended 274 35 Parking fees 263
36 Route description 271 36 It’s all about the dogs 251
37 Parking lot 265 37 Leash 229
38 Approximate 261 38 With hills and water 217
39 Beijing Adoption 247 39 Specific location 214
40 Opening hours 239 40 Tents 208
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Figure 2. Perceptive word cloud map (before the outbreak).

Figure 3. Perceptive word cloud map (during the outbreak).
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Figure 4. Word frequency rose chart (before the outbreak).

Figure 5. Word frequency rose chart (during the outbreak).

After reading the details of the sample of valid blog posts, we analysed the correlations
between high-frequency words and used Wordcount V2 to generate a co-occurrence matrix
of co-occurring words. Then, we used the visual representation of the Gephi software to
generate semantic network diagrams, as shown in Figures 6 and 7. We then performed
the sentiment analysis of text data by using a sentiment lexicon based on the Chinese
Sentiment Vocabulary Ontology Library to understand the public’s general feelings towards
companion animal space, as shown in Figures 8 and 9, and Appendix A Figure A2.
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Figure 6. Semantic network diagram (before the outbreak).

Figure 7. Semantic network diagram (during the outbreak).
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Figure 8. Sentiment analysis chart (before the outbreak).

Figure 9. Sentiment analysis chart (during the outbreak).

The next step is spatial analysis. We use the Yijingzhilian Geographic Information SaaS
platform to convert the user-tagged location text information into discrete point information
with attributes, as shown in Figure 10. In addition, to better present the visualisation results,
we generated a heat map by Arch GIS kernel density analysis with a buffer rendering radius
of 1000 m, as shown in Figure 11. In addition, we also identified, recorded, and analysed
the marked points in the pseudo-public space, generating the heat map shown in Figure 12.
Geotagging by users on social media is generally motivated by the idea of marking “places
worth remembering”, which is highly credible and representative [30]. The location of the
user’s marker reflects, to some extent, the number and spatial distribution of “companion
animals” in public spaces. In addition, to further analyse the types of “companion animal”
public spaces and improve the accuracy, we conducted a point-by-point screening to
identify the classification and coupled the marked geographical points with the green space
structure plan of Beijing, as shown in Figure 13.
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(a) (b) 

Figure 10. (a) Geographical distribution of user markers (before the outbreak); (b) geographical
distribution of user markers (during the outbreak).

 
(a) (b) 

Figure 11. (a) Heat map of the geographic distribution of user markers (before the outbreak); (b) heat
map of the geographic distribution of user markers (during the outbreak).
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(a) (b) 

Figure 12. (a) Heat map of the distribution of pseudo-public space markers (before the outbreak);
(b) heat map of the distribution of pseudo-public space markers (during the outbreak).

 
(a) (b) 

Figure 13. (a) Coupling of user geographic markers and planning maps (before the outbreak);
(b) coupling of user geographic markers and planning maps (during the outbreak).

266



Land 2022, 11, 1475

Then, a content analysis and topic summary of the sample database of blog posts were
conducted by uniformly trained experts. In order to raise accuracy, the topics in the sample
database were individually identified by three experts. Cross-referencing was carried out
after the identification was completed. In the case of inconsistent themes, experts proofread
and discussed until an agreed outcome was reached. We then used the detailed blog post
data combined with the results of the big data analysis to interpret relevant social dynamics
that reflect public perceptions of the relationship between public and pseudo-public spaces
for urban companion animals and COVID-19.

As a final step, we invited respondents to participate in in-depth interviews, Sargeant
defined how to ensure the quality of qualitative research participants [31], and we built on
his work to select participants who could best inform our research questions and improve
our understanding of changes in public perception and use of “companion animal” public
spaces and pseudo-public spaces before and after the outbreak. For example, the inclusion
criteria for respondents were Beijing residents, having lived with the dogs for more than
6 months before and during the outbreak, being between 18 and 60 years old, etc. Due to the
impact of the epidemic containment, we mainly used Tencent Meetings online face-to-face
and telephone interviews. This is considered one of the safest methods compared to the
restrictions of movement and risk of infection that would result from more traditional face-
to-face public surveys. A total of 12 Beijing residents were interviewed in semi-structured in-
depth interviews. Consistent with rooting theory, we used a maximum variation sampling
strategy to select residents with different lifestyles and conditions, aiming to provide a
variety of perspectives. We did not offer any remuneration or incentives to participants.
Interviews with respondents ranged from 19 to 33 min in length and were conducted
by two interviewers working together in a semi-structured question-and-answer format,
divided into an interviewer who was responsible for the interview and an interviewer who
was responsible for recording and asking additional questions. We used digital equipment
for recording and further transcription and manual thematic coding. All participants gave
verbal and written consent to record their interview sessions and followed their views on
whether to anonymise their identities. Similar studies, such as C Mayen Huerta et al. [32]
and Charlotte Collins et al. [33], have used in-depth interviews to better understand the
association between UGS use and other variables. To enhance the scientific validity of
the interview questions, we drew, in part, on the Monash Dog Owner Relationship Scale
(MDORS) developed by Fleur Dwyer et al. in designing the questions [34]. The use of
this scale allows researchers to increase their understanding of human–companion dog
relationships by allowing direct comparisons between groups of participants from different
demographic or cultural contexts. We also refer, in part, to the Development and Reliability
of the Dogs and Physical Activity (DAPA) Tool developed by Hayley E. Cutt et al., which
can be used to retest individual, social context, physical environment, and policy-related
factors that influence dog owners’ dog walking behaviour confidence assessment [35]. The
in-depth interview questions consisted of several basic sections, as shown in Appendix A
Figure A3, with the questions being fine-tuned to the respondents. The first part collected
information about the interviewees and their families, educational level, employment status,
and dog status; the second part asked about the general and material impact of the epidemic
on the perception and use of the “companion animal” space by the respondents and their
pets. In the third part, the focus of the survey was on the mental and psychological effects.

3. Results

We derived perceptual word cloud maps before and during the pandemic by perform-
ing word frequency analysis on the cleaned social media data for NLP analysis, as shown
in Figures 2 and 3. In this case, the frequency of words in the text is proportional to their
size. During the COVID-19 outbreak, for the public space of “companion animals”, the
preoutbreak crawl showed that the most frequently used words were “Address”, “Traffic”,
“Dog walking”, “Parking”, and “Tickets”. We can see that accessibility and ease of parking
are the top priorities for people choosing public spaces for companion animals. There is
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also much discussion of dog-related topics, such as “Dog hunting”, “Chinese Field Dogs”,
and “Walking dogs without a leash”, to name a few popular and common topics.

Surprisingly, the results of the post-pandemic word frequency survey show that words
such as “Tickets”, “Location”, “Parking”, and “Free” continue to top the list of words that
express dog owners’ strong need for “companion animal” public space, while the frequency
of activities such as “Camping”, “BBQ”, “Picnic”, and “Blowing wind” and so on has also
increased significantly, as shown in Figures 4 and 5. In contrast to public opinion during
the pandemic, where public perceptions of urban companion animals tended to be mainly
negative experiences [6], for dog owners in Beijing, the word “epidemic” is also at the
top of the list, but it is clearly not the main focus of attention. Perhaps as a result of the
normalisation of the pandemic, many dog owners tend to see the “epidemic” simply as a
social backdrop, focusing mainly on helping their dogs to find new outdoor spaces or as
an after-dinner talker, such as “I can’t get out of Beijing because of the epidemic, but I went to
Shentang Yu at the weekend, which is one of the few pet-friendly places, and I highly recommend it.”
“It’s rare to see a dog wearing a breathing mask, lol.” “Taking Old Man Bear (dog’s name) for a walk
after lunch, I met Tammy’s mother in full armor walking her dog in the yard too!”.

To further explore issues related to public perception, we conducted a semantic
network analysis of high-frequency words before and after the pandemic, as shown in
Figures 6 and 7. We can easily see that, before and during the pandemic, the semantic
network diagram presents a distinct core, basically with several core words as a group
expanding outwards diffusely. The hierarchical relationships between the core words are
relatively similar. After careful analysis, we identified that “Address”, “Traffic”, “Park”,
“Navigation”, and “Parking lot” were strongly correlated with each other before the pan-
demic. Meanwhile, during the pandemic, “Tickets”, “Friendly”, “Location”, “Pandemic”,
“Parking”, “Dog”, and “Lawn” have a strong correlation between the words.

In addition, we conducted sentiment analysis on the blog posts before and after the
pandemic, mainly analysing the sentiment polarity (i.e., positive, neutral, and negative
sentiment) and sentiment intensity of the words with sentiment components within each
utterance, and then calculated the total value of each utterance to determine its sentiment
category. In order to determine the overall attitude and sentiment tendency of the total
opinion data sample, we statistically integrated all statements, as shown in Figures 8
and 11, and found that, before the pandemic, positive sentiment accounted for 39.43%
(5283), negative sentiment accounted for 32.23% (4318), and neutral sentiment accounted
for 28.34% (3799). During the pandemic, the proportion of positive sentiments was 39.03%
(5132), negative sentiments 42.47% (5584), and neutral sentiments 18.5% (2434). We can see
that, especially during the pandemic, most bloggers expressed more personal sentiment
on the topic of “companion animals” in public spaces, with negative sentiment increasing
by 10.24%.

Subsequently, in order to analyse the number and spatial distribution of “companion
animal” public spaces, we extracted the geographical locations marked by users from social
media data, with a total of 1586 valid points, including 749 before and 837 during the
pandemic, as shown in Figure 10. Heat maps were generated to better present the results,
as shown in Figure 11. It is clear that the prominent distribution locations were in the
urban areas of Beijing, both before and during the pandemic. However, when it comes to
identifying the types of “companion animal” public spaces before and after the pandemic,
we find that the largest proportion of points is still in scenic areas and parks, with 83% (621)
before the pandemic and 91% (761) during the pandemic. In contrast, the remaining points
are mainly in pseudo-public spaces, such as shopping plazas and public spaces attached to
buildings and certain streets. Comparing the heat maps before and during the pandemic,
as shown in Figure 11, it is clear that the density of geographic markers in the built-up area
decreases and the density of markers in the surrounding areas increases. After coupling the
markers with the Green Spatial Structure Plan in Beijing Urban Master Plan (2016–2035),
as shown in Figure 13, we can find that the markers in the peripheral areas are mainly
located in parks and green areas, as well as major scenic spots, which coincides with our
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differentiation of marker types. Comparing the heat map of pseudo-public space markers,
we can also find that the proportion of pseudo-public space has a clear tendency to decrease
during the pandemic compared to the pre-pandemic period, as shown in Figure 12.

Afterwards, the content of the blogs was evaluated by uniformly trained experts and
the posts were categorised into two themes: 1. the need for and feelings about public
spaces for “companion animals” and 2. the experience of owning a companion animal.
Finally, following semi-structured in-depth interviews, three central themes were identified:
1. changes in time and space for dog walking, 2. changes in motivations and attitudes
towards dog walking, and 3. crisis management of pets during epidemics. Based on these
three themes and the results of the analysis above, we continue in the next section of
the discussion with a further analysis of the changing perceptions and use of public and
pseudo-public spaces for “companion animals” in the city.

4. Discussion

The pandemic has profoundly changed public perceptions and usage of public and
pseudo-public spaces for “companion animals”. After reading all the comments, combined
with the results of the big data analysis and the results of the in-depth interviews, referring
to the COM-B behavioural model developed by Michie et al. [36], we conclude that the
impact of the pandemic on the dynamics of direct interaction between humans and their
pets with “companion animal” public and pseudo-public spaces can be summarised in
three distinct but not mutually exclusive pathways: changes in opportunity, changes in
capacity, and changes in motivation, as in Figure 14. Of course, the intensity and direction
of these three pathways may vary considerably depending on demographic, regional, and
national socioeconomic, political, cultural, and social factors and environmental factors,
and potentially relevant changes in severity and response to the pandemic.

Figure 14. A conceptual framework of pandemic influences on the direct interaction of humans and
their pets with “companion animals” public and pseudo-public spaces.
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(1) Changes in opportunities related to the factors that facilitate or make possible
spatial interactions with “companion animal” space, including the amount of interaction,
the duration of contact, and how they interact. Firstly, regarding the number of interactions
and the timing of contact, the pandemic had both positive and negative effects on humans
and their pets with the “companion animal” space. On the positive side, the use of
“companion animal” spaces increased for some residents during the pandemic. Survey
data showed over 2000 blog posts expressing more time and similar sentiments during
the pandemic, perhaps due to the use of teleworking during the pandemic increasing the
time available for other activities for some residents [37]. As one user, “buzz Lightyear’s
wife”, posted: “I’ve spent a lot more time with my pals and had more opportunities to walk my
dog this year because of the pandemic. It has probably been the most life-affirming year I have
had.” However, there is also a negative side to this, with less access to “companion animal”
space for the wider public. During the pandemic, many places, such as shopping centres,
community spaces, and major urban parks, were closed to reduce infection rates [38,39].
For low-risk and above-containment areas, working from home for long periods of time
under the epidemic, people become distant from each other [40–42] and dogs’ physical
and mental health and well-being are seriously affected by reduced range of motion, less
exercise, and less dog-to-dog communication [43]. As a result, the survey data show that,
compared to the pre-pandemic period, the word frequency statistics show that words such
as “Tickets”, “Location”, “Parking”, and “Free”, which express the strong demand of dog
owners for “companion animal” public spaces, are still at the top of the list, while the
frequency of activities such as “Camping”, “BBQ”, “Picnic”, and “Blowing wind” and so
on has also increased significantly, as shown in Figures 4 and 5. The reduced access to
“companion animal” spaces may, therefore, be one of the main drivers of the increased
demand for such green spaces during the pandemic. For example, one user named “Ollie
with long eyelashes” excitedly posted about her desire: “The closure was lifted at 12 pm, so I
quickly asked my friends to take my pups out for a run, and I was very happy to have just a shallow
3-min run”.

During our in-depth interviews, interviewee 01 told us that, although some parks and
green spaces were off-limits to dogs before the epidemic, in practice, the relevant no-dog
rule existed in name only and, in some cases, it was possible to slip in and walk dogs when
park guards were not looking. There was only a sign indicating the ban, and the associated
penalties were almost non-existent. However, during the epidemic control period, almost
all respondents mentioned that they found that even city parks near their residential areas
were no longer allowed to walk their dogs, and that regulations were much stricter than
before the epidemic. At the same time, the monitoring of dog walking in street green areas
and green areas attached to buildings has also become very strict. Overall, respondents
generally felt that, while, before the epidemic, it was mainly a subjective desire to take
their pets to “companion animal” public spaces, after the epidemic, it was forced to become
an immediate necessity, and the frequency and time spent walking dogs was significantly
reduced. As a result of the epidemic, they rarely met other dog walkers, and thus many
respondents reported that their and their dogs’ social needs were not being met and that
they were more depressed than before the epidemic. At the same time, respondent 04
mentioned that her dog walking behaviour and the way she used the public space for
“companion animals” was very much dependent on the “dog walking culture” in the small
area she visited, for example, whether dogs are walked on leashes, whether owners can
follow their pets onto lawns, etc, which the big data cannot measure. After the epidemic,
however, this dynamic use of “companion animal” public spaces has, to some extent,
disappeared, as people are not allowed to gather in large numbers. In conclusion, the
pandemic has increased the amount of time available to some people, but the amount of
public space available for “companion animal” has decreased due to the closure and, with
the normalisation of the pandemic, the construction and operation of urban public space
will face new challenges. The next focus of research will be the balance between planning
and design, management and operation, and policy implementation.
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In addition, the pandemic may not only change the amount of “companion animal”
space a person has access to, but also the way they interact with “companion animal” space.
For urban green spaces, the closure of many major urban parks may have increased people’s
use of nearby natural environments and reduced their access to natural environments away
from where they live. However, this is not absolute. For example, Figure 11 show that the
general use of “companion animal” spaces by Beijing residents for several years has shifted
from a concentration in built-up areas and city parks in the main urban areas before the
pandemic to areas such as country parks outside of the city. We can see from this that, under
the normal state of the pandemic, people are more inclined to go to suburban green spaces
than before. For example, “Zhao Erdog loves chillies” posted: “Under the cherished sun, I took
my dog for a walk in this small wood. The city is becoming more and more green, but there are fewer
and fewer places for the dogs to roam. Even without the towering walls, the walls built by the human
heart are unbreakable. Do we have to take our dogs into the mountains to have a place in the valley?
Alas! For now, let’s just walk our dogs and cherish them.” For the built-up areas of the city, as
parks and other green spaces are not the first places visited by pets and their owners, they
are most often used in built-up areas [44]; usually, pet owners walk their dogs underneath
their neighbourhoods or on the streets without a clear destination and, naturally, they do
not need to make a point to record it. Thus, the main types of sites in our marker data
are scenic and public green spaces, while built-up areas are mainly pseudo-public spaces,
as shown in Figure 12. Pseudo-public spaces were more heavily regulated during the
pandemic, so the number of geographic markers recommended was low.

In the in-depth interviews, the majority of respondents said that they went to pseudo-
public spaces, such as shopping centres and plazas to walk their dogs prior to the epidemic
in order to meet their own related needs and to take their dogs for a walk. However,
there were some exceptions; for example, interviewee 12 mentioned going to private pet
parks specifically for their dogs to give them an amusement-park-like experience, while
some respondents said they went for grooming and maintenance and to show off their
dogs and give their dogs a taste of “busy city life”. However, during the epidemic, there
were more risks to be avoided due to the ever-changing policies, and some respondents
even said they did not walk their dogs in pseudo-public spaces at all after the outbreak.
Unsurprisingly, the big data analysis points to a clear downward trend in the proportion of
pseudo-public space. Although we cannot confirm whether this downward trend is due to
the pandemic or privatisation, or a combination of both, it also reveals another problem:
the use of “companion animal” public space in pseudo-public spaces decline in status,
and those located within the open urban green space on the outskirts of the city stand out
during the pandemic outbreak. How Beijing’s economy and urban planning will respond
to this change in spatial usage and its consequences will be an essential consideration for
future urbanisation.

(2) Competence is the psychological and physical ability of pets and their owners to
interact with “companion animal” public spaces. Firstly, on a physical level, it is clear that,
if a person is infected with COVID-19, the pet will also be placed in temporary quarantine
by the pet facility, which will stop their use of the “companion animal” space. However, for
pets in pandemic areas, in addition to being taken away for isolation, there are also many
one-size-fits-all policies, such as the one in Beijing’s Daxing district, where a week-long
dog-catching spree and forced “innocuity treatment” has caused discontent among dog
owners. A netizen named “Christa-meng” commented on the news of the pet quarantine:
“Can we pay attention to the recent dog arrests in Daxing District, with police cars squatting in front
of the district in the early hours of the morning? Why not go straight to the breeding source if they
are not allowed to breed? It is not fair to euthanize a fur baby raised for seven or eight years outside
the Fifth Ring Road because it was taken away with a single word!” “A small milk dumpling said,
“This may cause some people who don’t really love dogs to abandon them and turn them into stray
dogs. It adds to the burden on society.” These comments quickly sparked outrage as the public
began to expose various extreme COVID-19 prevention measures. Statistics show that
negative sentiment increased by 10.24%. A careful reading of the blog post reveals three
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main sources of negative comments; the first is dissatisfaction with the local community’s
one-size-fits-all policy of compulsory confiscation and “innocuity treatment” disposal of
pets on health grounds, the second is dissatisfaction with the increasing difficulty in finding
places to walk pets, and the third is dissatisfaction with the extreme negativity against pets
in society, such as the extreme comments about directly linking pets to COVID-19.

In addition, in the in-depth interview, interviewee 06 told us that he had never travelled
with his dog again afterwards because he had a need to transport his pets but, also, because
the epidemic quarantine delayed a lot of time during the transport process and his own
pets died of starvation and thirst as a result. At the same time, many interviewees also
mentioned the complete lack of measures taken by the government during the epidemic,
which was basically people-oriented, with dogs being treated as accessories to people.
Some respondents said that they were forced to separate from their dogs because of the
quarantine and could leave them with neighbours who had dogs or pet shops, while others
said that there were no measures in place to deal with the situation and that their pets
were forced to starve to death. It is also worth noting that the government has been lax
in the management of dogs, as the epidemic is more loosely controlled in rural Beijing.
As a result, survey respondents in rural areas reported that they were largely unaffected
or minimally affected. A few respondents said that dogs were never taken out of their
compounds, so, naturally, the impact was minimal. Overall, however, the cruel treatment of
companion animals and the abandonment and even killing of animals to prevent humans
from being infected in the above incidents reflect a strong anthropocentrism. Animals
are reduced to resources for human growth when anthropocentrism is strong, and there
is no ethical analysis of whether human demands and aspirations are appropriate. [45].
Emerging human-to-human infectious illnesses are seen as public health emergencies that
solely endanger human health due to species barriers; hence, most matching emergency
plans only offer treatment and refuge for people, while excluding the companion animals
that share their homes. Although the central government and local authorities in China
have begun to actively correct excessive pandemic prevention measures by issuing circulars
to educate the public on animal protection, there are still no contingency plans proposed
for the arrangement of relevant spaces.

On a psychological level, our sentiment analysis survey of the public opinion data
sample showed a slight increase in overall negative sentiment, as the uncertainty and fear
associated with the outbreak, as well as the massive blockade and economic recession, may
have led to increased symptoms of anxiety, depression, post-traumatic stress disorder, and
other forms of psychological disorders in the general population, even if people were not
infected with COVID-19. At the same time, pets may experience behavioural changes due
to changes in owners and the outside environment [46,47], such as frequent barking or fear
of noise and the inability to be left alone in the home [48]. Such changes may facilitate the
possibility of spatial interaction with “companion animals”. As a result, the frequency of
activity words has increased significantly in the survey data. For example, “Kafka Chou
Chou” says: “Every time the city was closed during the pandemic, I tried to take my dog Bao out
to play, hiding her in the trunk every time, and then letting her sit in the car after the pandemic
checkpoint, because she was not used to seeing people outside. Then depression usually stayed by
itself, hiding under the table for half a day, and it was only afterwards that she was taken out for
walks every day for about 3 months that she slowly got better”. Thus, we can also see from this
that changes in ability sometimes lead to changes in motivation and, ultimately, to changes
in behaviour and that there is a complex inter-relationship between the three drivers of the
behavioural model.

(3) Motivation is a process in the human brain that motivates and guides behaviour,
and the spread of the COVID-19 disease may have significantly altered people’s motivation
to interact with “companion animals” public space. In addition to the changes mentioned
above in motivation due to changes in the available time, opportunities and accessibility,
and physiological and psychological changes caused by the pandemic, during the pandemic,
many users recommend “companion animal” spaces through geolocation marking and
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the creation of various tags, such as “#Dangers of having a dog without a walk during a
pandemic”, created an information ecosystem defined by an unprecedented amount of data
that profoundly influenced other users’ motivations and behaviours [49,50]. For example,
“small bok choy” said: “I’ve always seen online that it’s good to walk your dog here, so I stopped
by today to take a look. I don’t know, it’s pretty big, love it, love it, and my boyfriend played in it all
afternoon, tomorrow I’ll bring Fu (dog’s name) to experience it”. In our in-depth interviews, our
respondents said that local residents in Beijing chose places to walk their dogs before the
epidemic mainly out of local and lived experience, either by experiencing them first or by
seeing people walking their dogs on the road and then recording them before taking them
for a walk, or, in some cases, by recommendations from friends and family or by looking
at tips on the internet. However, after the epidemic and, therefore, the ready change in
policy, there was a lot of reliance on recommendations from the internet. However, this
is not without its exceptions, as some respondents said that, in order to save time, they
tended to go to familiar places rather than those recommended on the internet when there
was a suitable space to walk their dog, and that, if they really wanted to walk their dog for
a break, they basically chose to go to the more remote suburban green areas.

In addition, on the one hand, we can see from the pattern of changes in high-frequency
words in Table 1, Figures 4 and 5, such as the significant increase in the frequency of activity
words, that the positive attitudes of pet owners toward the public space of “companion
animal” increased during the outbreak. On the other hand, however, the overall public’s
negative attitudes toward companion animals also increased significantly, even to patholog-
ical fear [7], which partly contributed to the statistical increase in the proportion of negative
sentiments posted by pet owners during the pandemic. Although the two groups, pet
owners and the wider public, partially overlap, the conflict between them exacerbates the
social perception of multi-species conflict, leading to a variety of vicious conflicts [7] that
are detrimental to the sustainability of the “companion animal” public space. We argue
that social media plays a vital role during a pandemic, influencing the motivations and
behaviours of users. Government interventions in the “companion animal” public space
based on social media theories of critical knowledge, attitudes, intentions, and behaviour
change could play a significant role. A shift from self-regulation of social media platforms
to government intervention may be a positive step.

5. Conclusions

This paper examines the changing perceptions and use of “companion animals” in
public and pseudo-public spaces in the city during the COVID-19 pandemic, using Beijing,
China, as an example. The study was based on a Python web crawler that collected relevant
text and comment data from Chinese social media Weibo and Xiaohongshu, followed by
natural language (NLP) analysis, spatial analysis, and content analysis of the pre- and
post-pandemic social media data, and, finally, semi-structured in-depth interviews were
conducted. The big data revealed statistically significant differences in the perception
and use of “companion animal” public spaces and pseudo-public spaces before and after
the outbreak. Referring to the COM-B behavioural model developed by Michie et al., we
conclude that the impact of the pandemic on the dynamics of direct interaction between
humans and their pets with “companion animal” public and pseudo-public spaces can be
attributed to three pathways: changes in opportunity, changes in ability, and changes in
motivation, with complex inter-relationships between the three drivers. We found that
the pandemic has acted as a mirror and catalyst to expose the multi-species coexistence
of humans and animals in China’s cities. The pandemic has increased the amount of time
available to some people but reduced the amount of public space available for “companion
animals” due to the pandemic’s closure. As pandemics become normalised, the operation
of public spaces related to “companion animals” in cities will face new challenges, and the
balance between planning, design, management, operation, and policy implementation
will be the next focus of research. In addition, due to species barriers, emerging human-to-
human infectious diseases are perceived as public health crises that threaten only human

273



Land 2022, 11, 1475

health. Therefore, most corresponding emergency plans only provide treatment and shelter
for humans while neglecting the companion animals that live with them, especially in
“companion animal” public spaces. There is still a lack of contingency planning by the
Chinese central government and local authorities to arrange these spaces. In addition, the
survey showed that the use of “companion animal” public spaces in pseudo-public spaces
declined, while those in open urban green spaces on the outskirts of the city stood out after
the outbreak, creating new requirements for the future development of Beijing’s urban
green space system and related policies. At the same time, pet owners’ perceptions and
behaviours regarding “companion animal” public spaces are heavily influenced by social
media during pandemics, and the potential for abandonment and cross-species infections
resulting from the acceptance of negative information about them can make companion
animals a new public safety hazard. However, discussions about “companion animal”
public spaces on social media are not actively regulated and appropriately intervened in,
in some cases, leaving a very conflicted and confusing impression and stirring up group
antagonism. We argue that there could be a shift from self-regulation on social media
platforms to government intervention and joint efforts between government and social
media to advocacy and support for sustainable animal ethics practices to better respond to
the crisis.

Humans and companion animals merge, constitute, and permeate each other in
everyday urban spaces. More research is needed to determine how to more thoroughly
analyse the more complex relationships between “companion animal” public spaces and
urban spaces and how these relationships are expressed in social media. The future of
public space is uncertain due to the normalisation of pandemics, and more research is
needed from different parts of the world.
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Appendix A

 

Figure A1. Some of the original text posted by Xiaohongshu users crawled using a web crawler.

 

Figure A2. Results of the sentiment analysis based on the Chinese Sentiment Vocabulary Ontology
Library.
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Figure A3. Broad question set for the semi-structured in-depth interviews.
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