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Abstract

1.

Spending time in nature is one potential way to cope with the negative physi-
cal and psychological health impacts from major stressful life events. In 2020,
a large fraction of the global population was impacted by restrictions to contain
the spread of the COVID-19 outbreak, a period characterised by marked health
risks and behavioural changes. Here we explore whether people responded to
this stressor by spending more time in nature and investigate the reasons for any

changes.

. We surveyed 1,002 people in Brisbane, Australia in 2020, to measure the change

in use of green space during the restrictions period and benefits people associated

with visiting them.

. About 36% of participants increased their urban green space use, but 26% re-

duced it, indicating a great deal of flux. Furthermore, 45% of the previous non-
users of urban green space began using it for the first time during the restrictions
period. Older people were less likely to increase their green space use and those

with a backyard were more likely to increase their use of green spaces.

. Participants' change in use occurred regardless of the amount of green space

available in close proximity to their households. In addition, we did not find a rela-

tionship between nature-relatedness and change in use.

. People's reasons for green space use shifted during the pandemic-related restric-

tions period, with many emphasising improvement of personal well-being rather
than consolidating community capital. Most participants indicated an increase in
the importance of the psychological and physical benefits obtained from urban

green spaces.

. We conclude that increased urban green space use during moments of stress such

as the COVID-19 pandemic has the potential to ameliorate some of the negative
effects of the stressor, but that the capacity and desire to spend more time in
green space varies markedly across society. Sufficient urban green space provi-
sion for all sections of society will maximise the opportunity to employ a nature-

based coping mechanism during times of personal or community stress.
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1 | INTRODUCTION

In the first quarter of 2020, the global community undertook a se-
ries of actions designed to decelerate the spread of the novel coro-
navirus SARS-CoV-2 (causing coronavirus disease 2019, hereafter
COVID-19). Many of these actions comprised lockdown strategies
aimed at drastically reducing people's mobility (Google, 2020). The
fast-moving situation combined with poor or inadequate provision
of information caused a number of human behavioural changes
(Goldman, 2020), along with wide-ranging psychological impacts
(Brooks et al., 2020). For instance, in one survey where people re-
ported spending 20-24 hr per day in quarantine, more than half
reported the psychological impacts of COVID-19 as moderate to
severe and one-third reported moderate-to-severe anxiety (Wang
et al., 2020). Urban green spaces provide a broad range of benefits
to human health and well-being that could potentially ameliorate
some of these acute stresses. The pandemic has provided a unique
opportunity not only to examine changes in the urban green space
use under this specific set of conditions but also to gather informa-
tion about people's reasons for visiting green spaces.

Health and well-being benefits derived from urban nature can
reduce many of the stresses associated with urban living (Houlden
et al., 2018; Keniger et al., 2013; Twohig-Bennet & Jones, 2018;
Zhang et al., 2017). More broadly, nature experiences can play a piv-
otal role for mental health during stressful life events. For instance,
Marselle et al. (2019) found that stressful life events were associated
with an increase in perceived stress, depression, and a decrease in
positive affect and mental well-being, while nature group walks were
associated with a decrease in perceived stress and depression and
an increase in positive affect and mental well-being. Furthermore,
experiencing nature was key in rehabilitating individuals who had
been severely affected by a life crisis, such as a divorce, bereave-
ment or other severe loss (Ottosson & Grahn, 2008). Also, van den
Berg et al. (2010) found that among patients who suffered a range of
stressful life events, those who had access to large amounts of green
space within 3 km of their residence reported better perceived
mental and general health, compared to patients with low amount
of green space in this radius. Several studies during the COVID-19
pandemic-related lockdown found significant outcomes associating
physical and mental health with urban nature. For instance, Frihauf
et al. (2020) concluded that moderate physical activity outdoors
during periods of mobility restrictions, such as exercise in nearby
urban forests, can deliver important benefits to physical and mental
health. Other research shows that the relative abundance of indoor
and outdoor nearby nature was associated with lower depression/
anxiety symptoms and lower depression/anxiety rates in a cohort
of students in Bulgaria (Dzhambov et al., 2020). Furthermore, Soga
et al. (2020) found that the use of green space and the existence

of green window views from within the home were associated with

increased levels of self-esteem, life satisfaction and subjective hap-
piness and decreased levels of depression, anxiety and loneliness.
Although there are many studies of individual effects of green space
use on various aspects of health and well-being, the global pandemic
of COVID-19 presents an opportunity to measure the role of green
spaces as a nature-based coping mechanism during a stressful life
event that was simultaneously experienced by a large portion of the
global community.

Urban green spaces could contribute to enhancing individual and
community resilience during stressful times. Psychological resilience
is the process of an individual to adapt to adversity, trauma, trag-
edy, threats or significant sources of stress (American Psychological
Association, 2012). Examples of stressful events include the death
of a family member or close friend, illness or injury, unemployment,
financial crises, separation or break-up of relationships, interper-
sonal or legal problems, and losses (Brugha et al., 1985). On the other
hand, social resilience is a community's ability to recover from and/or
respond positively to external stresses and disturbances as a result
of social, political or environmental change (Adger, 2000). Examples
of external stresses to a community range from natural catastro-
phes and financial crises to global pandemics (Fernandez-Prados
et al., 2021; Khalili et al., 2015; Serban & Talanga, 2015). Nature
experiences have been suggested to promote both individual- and
community-level resilience (Buikstra et al., 2010; Tidball, 2012;
Zautra et al., 2010). The COVID-19 pandemic has had significant
impacts on public physical and psychological health (Huang &
Zhao, 2020; Salari et al., 2020) and studies have shown that a regular
dose of nature can contribute to the improvement of a wide range
of markers of well-being during the pandemic (Friihauf et al., 2020;
Soga et al., 2020). This information is key for understanding the ex-
tent to which urban green spaces contribute to individual and com-
munity resilience.

Here, we investigate whether and how urban green space use
changed during the COVID-19 pandemic. We focused on a broad
cross-section of urban residents in the city of Brisbane, Australia
during the period of the COVID-19-related mobility restrictions. We
(a) document changes in the pattern and frequency of visitation to
urban green spaces, (b) determine whether any change is associated
with a change in people's perceptions of the benefits provided by
green spaces, (c) explore the factors that predicted change in use of
urban green spaces and (d) evaluate whether people with a stronger
orientation towards nature were more likely to increase their use of
urban green spaces. Our results highlight the importance of urban
green spaces for urban residents during this time of major stress,
providing a range of health, recreational and other benefits. We thus
empbhasise the need to ensure sufficient urban green space provision
for all sections of society, as this will maximise the opportunity to
employ a nature-based coping mechanism during times of personal

or community stress.
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2 | METHODS
2.1 | Study area

We conducted our study in Brisbane, the state capital of Queensland,
Australia. The city has an estimated human population of 1.25 mil-
lion residents, approximately 4.7% of Australia's population with
a population density of 842 individuals per km? (Brisbane City
Council, 2020a). Restrictions on human movement and interaction
to slow the spread of COVID-19 included the closure of schools and
universities, indoor fitness and sports facilities, and all food, drink
and cultural venues; the practice of social distancing and good hy-
giene; work from home where possible and to leave home only for
essential trips. These restrictions were introduced on 23 March 2020
and significantly relaxed on 2 May 2020 (henceforth termed ‘restric-
tions period’; Australian Government Department of Health, 2020a).
One of the few reasons where people were permitted to leave home
was recreation in a public space such as an urban green space, with
such trips being restricted to no more than two people per house-
hold and limited to their immediate neighbourhood (Australian
Government Department of Health, 2020a). Brisbane's green spaces
network comprises more than 2,100 urban parks and picnic grounds
parks, pocket parks, riversides, botanic gardens, nature reserves and
beaches. These green spaces are widespread across the city con-
taining remnant and non-remnant vegetation cover that provides
habitat and connectivity to 83 different vegetation communities
and over 2,300 species of wildlife and native plants (Brisbane City
Council, 2020b, 2020c; Shanahan et al., 2014).

2.2 | Survey and data collection

We quantified the change in participants' use and perception of
urban green spaces before and during the restrictions period, and
we also measured nature-relatedness at the time of the survey. To
reduce bias from those who opt-in to participate, we chose to use
probabilistic sampling (individuals in the population have a known
non-zero chance of being selected through the use of a random
selection procedure) as opposed to convenience sampling methods
(the probability that every individual included in the sample can-
not be determined, or it is left up to each individual to choose to
participate; Fricker, 2008). The survey was delivered online to par-
ticipants by a market research company in June 2020, in accordance
with the Institutional Human Research Ethics Approval, approval
number 2020001073 (the full survey is provided in the Supporting
Information). All participants were at least 18 years old and provided
written consent by checking a box indicating their agreement to par-
ticipate in the survey.

Participants were invited to complete the survey according to
four nested stratification criteria that ensured the sample reflected
a range of Brisbane's demographic groups, broad socio-economic
spread and an even spatial distribution across the city. The stratifica-

tion rules were as follows: (a) an equal number of males and females,

(b) an equal number of participants above and below 45 years of
age, (c) the income quartiles reflected those from the total Brisbane
population and (d) participants' location of residence was evenly dis-
tributed across Brisbane (North/South/East/West side of Brisbane).
Participants also provided information on the number of people
living at home (specifying any school-aged children; Schipperijn
et al., 2010, and the primary language spoken at home as a proxy
for ethnicity; Kimpton, 2017). Furthermore, participants provided
either their exact address, the address to the nearest 10 houses
or the location of the street corner closest to their home. This in-
formation was used to obtain an objective measure of green space
availability and proximity within a 300 m radius around each partic-
ipant's residence. We chose 300 m as this distance has been widely
recommended as a target for public access to local urban green
spaces (Annerstedt van den Bosch et al., 2015). To achieve this, we
geolocated residences using either (a) the exact address provided
by participants or in cases where only the name of one street of
the residence was given and (b) the midpoint of the street provided.
Then, we used a map of public green spaces provided by Brisbane
City Council (Brisbane City Council, 2020d) to calculate public green
space coverage within the 300 m buffer. For those participants who
did not provide their address, we calculated green space availability
by averaging the amount of green space within the radius of all the

residences sharing the same postcode.

2.3 | Use and perception of urban green spaces

To ensure that all participants had a shared understanding of urban
green spaces, a definition was provided at the start of the survey,
which described green spaces as including urban parks, bushlands,
picnic areas, riversides and beaches across Brisbane. The sampling
design was randomised to avoid biases towards a particular type of
green space with certain characteristics. Participants were asked to
report whether they had visited an urban green space before and
during the restrictions period, specifying their frequency of use in
both time points (never, once every two weeks, once a week, 2-3 days
a week, 4-5 days a week and 6-7 days a week). We also asked par-
ticipants to rate their reasons for using urban green spaces (physical
health benefits, reduction of stress, reduction of anxiety, reduction in de-
pression, connection to nature, connection to spiritual side, appreciation
of the environment, family togetherness, provision of clean air and sense
of community) and whether each of these had increased or decreased
in importance during the restrictions period using a 5-point Likert
scale (1 = much more important, 5 = much less important). For the
analysis of the change on perceptions of benefits provided by urban
green spaces, we constructed a new variable named ‘psychological
well-being benefits’ by summing up three of the perceptions provided
in the survey questionnaire: reduction of stress, reduction of anxi-
ety and reduction in depression. These three states are known to
be strongly related to psychological distress under ‘normal’ circum-
stances and also during the COVID-19 pandemic (Lee et al., 2020;

Rahimnia et al., 2013). To understand whether people with access
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to a backyard showed a different change in their green space use,
participants were also asked to report whether they had access to a

backyard in their place of residence.

2.4 | Change in frequency of use of urban
green spaces

We calculated the change in frequency of green space use by sub-
tracting the category of frequency of use (never (1), once every two
weeks (2), once a week (3), 2-3 days a week (4), 4-5 days a week (5) and
6-7 days a week (6)) during the restrictions period from the usage
before the restrictions period. Positive numbers (1-5) represent an
increase in the frequency of use, whereas negative numbers (-1 to
-5) represent a decrease in the frequency of use. Zero denotes no

change in the frequency of use.

2.5 | Nature-relatedness

We hypothesised that people more oriented to nature would be
more likely to use urban green spaces than those with a weaker con-
nection to nature (Lin et al., 2014). Thus, we measured participants'
levels of connectedness with the natural world using the Nature-
Relatedness Scale (Nisbet et al., 2009). This validated scale consists
of 21 statements representing three factors: (a) NR-Self, an internal-
ised identification with nature; (b) NR-Perspective, an external envi-
ronmental worldview and (c) NR-Experience, a measure of the level
of comfort with, and desire to be out in, nature. These can be sum-
marised, respectively, as assessing the affective, cognitive and expe-
riential aspects of a person's connection to nature. Participants used
a 5-point Likert scale to rate their level of agreement (1 = strongly
disagree, 5 = strongly agree) with each of the 21 statements, with
several of the statements being reverse coded. Responses to all 21
statements can be averaged to create an overall NR-Average meas-
ure of connection to nature (Nisbet et al., 2009) with a higher score

indicating a stronger connection to nature.

2.6 | Statistical analysis

To examine the reported change in frequency of use from before
to during the restrictions period, we first conducted a cumulative
link mixed-effects model (ordinal regression) with the frequency of
green space use as the response variable, a binary indicator of use
before and during the restrictions period as the explanatory variable,
and participant ID as a random factor.

To investigate the association between six explanatory variables
(gender, age, income, nature-relatedness score, backyard access and
green space availability within a radius of 300 m) and the change
in frequency of green space use, we used generalised linear mixed
models. We used generalised linear mixed models with a Gaussian

distribution for this analysis because the frequency distribution of

the response variable (change in the frequency of use of urban green
spaces) approximated a normal distribution. As a result of the un-
precedented circumstances of the COVID-19 pandemic, insufficient
knowledge existed of people's behaviour under study to generate
a clear hypothesis of what would drive the change of urban green
space use. Therefore, we used an explorative approach that gen-
erates rather than tests hypothesis about unknown relationships
(Symonds & Moussalli, 2011). For this, we generated a global model
with all the explanatory variables, and then compared models for
all possible explanatory variable subsets using Akaike information
criterion (AIC; Burnham & Anderson, 2002). We also tested global
models with interactions between explanatory variables. We used
participants' postcode as a random factor, aggregated into groups
of five adjacent postcodes to increase variance among data points.
All continuous explanatory variables were standardised. Also, all
continuous explanatory variables were log-transformed (where ap-
propriate) to meet assumptions of normality. Prior to running the
global model, we tested for correlations between explanatory vari-
ables using Spearman's rank correlations. Since green space avail-
ability and the nearest green space proximity were highly correlated
(r = 0.67), we only used green space availability for further analy-
ses. We then selected the models that accounted for 85% of the
cumulative Akaike weights as the best-ranked models and compared
them using their delta-AlC values. To investigate the sensitivity of
the results to the choice of this model type, we also examined the
association between all six explanatory variables and change in fre-
quency of use using the cumulative link mixed-effects model (ordinal
regression; Table S1).

All statistical and spatial analyses were carried outinRv1.2.5033
(RStudio Team, 2020). We used the following packages in R: ordinal
(Christensen, 2019) for cumulative link mixed-effects modelling,
GLMMTMB (Brooks et al., 2017) for generalised linear mixed mod-
elling, car (Fox et al., 2020) for regression companion analyses,
MuMIN (Barton, 2020) for multi-model inference, Hmisc (Harrell &
others, 2021) to generate correlation matrices, and LANDSCAPEMETRICS
(Hesselbarth et al., 2019), FasTerize (Ross, 2020), rcDAL (Bivand et al.,
2020), and rasTeR (Hijmans, 2020) for spatial analyses.

3 | RESULTS

A total of 1,002 people responded to the survey, comprising 503
identifying as female, 497 as male, and 2 as other gender. Table 1
illustrates how participants were stratified by age, income and other

socio-demographic characteristics.

3.1 | Change in use of urban green spaces

There was a marked change in the pattern of urban green space use
during the restrictions period, with 62.7% of survey participants
changing their use of urban green spaces relative to the time before
the restrictions were introduced. About 36.5% (n = 365) of people
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TABLE 1 Socio-demographic
characteristics of the participants

and change of use of green space use
calculated by subtracting the category of
frequency of use (never, once every two
weeks, once a week, 2-3 days a week, 4-5
days a week and 6-7 days a week) during
the restrictions period from the usage
before the restrictions period. A positive
number represents increased use, a
negative number represents decreased
use and zero denotes no change in
frequency of use

Gender
Male
Female
Other

Age
18-25
26-35
36-45
46-55
56-65
66-70+

Income (per annum)

$104,000 or
more

$78,000-
$103,999

$65,000-
$77,999

$41,600-
$64,999

$20,800-
$41,599

$1-$20,799

No income

Number (%)
increasing use

Number (%)
decreasing use

Number (%) no

% change in use

Languages spoken at home

Only English
Others

Household with backyard

Yes

No

Household with school-aged children

Yes
No

Nature-
relatedness
score

1>2
2>3
3>4
4>5
5
Total

increased their use, 26.2% (n = 263) decreased and 37.3% (nh = 374)
did not change their frequency of green space use relative to the
period before the restrictions were imposed (Table 1). Across all
participants, 12.8% (n = 129) used urban green spaces daily before
the restrictions period, but this increased to 19.2% (n = 193) during

the restrictions period. There was also an increase in the number

1,

497 49.6 170 (34.2) 120 (24.2) 207 (41.6)
503 50.2 195 (38.8) 143 (28.4) 165 (32.8)
2 0.2 0 0 2 (100)
124 12.4 61 (49.2) 30(24.2) 33(26.6)

234 234 101 (43.2) 54 (23.1) 79 (33.7)
173 17.3 80 (46.2) 41(23.7) 52(30.1)
129 12.9 39 (30.2) 49 (38) 41(31.8)
138 13.8 30(21.7) 35 (25.4) 73(52.9)
201 20.1 52 (25.9) 54 (26.9) 95 (47.2)
0 0 0 0 0
122 12.8 39 (32) 36(29.5) 47 (38.5)
140 14.7 57 (40.7) 27 (19.3) 56 (40)
202 21.3 83(41.1) 46(22.8) 73(36.1)
201 21.2 72 (35.8) 56 (27.9) 73(36.3)
255 26.8 82(32.1) 77 (30.2) 96 (37.6)
30 3.2 15 (50) 5(16.7) 10(33.3)
857 85.5 299 (34.9) 231 (26.9) 327 (38.2)
145 14.5 66 (45.5) 32(22.1) 47 (32.4)
836 83.4 309 (37) 211(25.2) 316 (37.8)
166 16.6 56(33.8) 52(31.2) 58 (35)
218 21.8 92 (42.2) 57 (26.1) 69 (31.7)
784 78.2 273(34.8) 206 (26.3) 305 (38.9)
4 0.39 1(25) 2(50) 1(25)
181 18.06 76 (42) 49 (27.1) 56 (30.9)
588 58.68 205 (34.9) 167 (28.4) 216 (36.7)
229 22.85 83(36.2) 45 (19.7) 101 (44.1)
0 0 0 0 0
002 100 365 (36.5%) 263 (26.2%) 374 (37.3%)

of people who did not use green spaces at all from 8.5% (n = 85)
before the restrictions period to 12.3% (n = 124) during the restric-
tions period.

The increase in participants' use of urban green spaces during
the restrictions period compared to before the restriction period

was statistically significant (estimated coefficient = 0.441; standard
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error = 0.086, p < 0.001). The proportion of people who increased
green space use during the restrictions period was greater than those
who decreased across almost all demographic groups (Table 1), with
the important exception of people over the age of 45, who mostly

either maintained or reduced their level of green space use.

3.2 | Former non-users of urban green space

In all, 85 people indicated they had never used green spaces before the
restrictions period (first row in Table 2), comprising 8.5% of participants.
Of the 85 non-users, 14 (16.5%) began using green spaces once every
two weeks, 3 (3.5%) used them once a week and so on (see Table 2 for
complete breakdown). Of these non-users, 47 (55.3%) continued not to
use green spaces, meaning that just under half of the non-users began

using green spaces for the first time during the restrictions period.
3.3 | Users who reduced or increased their use of
urban green spaces

More than one-third (36.5%) of the sample population increased

their use of urban green spaces during the restrictions period

(white cells to the right of the diagonal in Table 2). Across the
different categories of frequency of use (i.e. never, once every
2 weeks, etc.), we found that between 17.8% and 67.4% of people
increased the use of green spaces during the restriction period.
In contrast, less than one-third of the sample population reduced
their use of green spaces (white cells at the left of the diagonal in
Table 2). Decreases in green space use were largely a drop of only
one category of use. For instance, one-quarter (24.3%) of those
who used urban green spaces 4-5 days a week decreased their use

to 2-3 days a week.

3.4 | Nature-relatedness and change in use of urban
green spaces

One-third of the former non-users had markedly low nature-
relatedness (nature-relatedness score < 3) and two-thirds were
moderate-to-strongly nature-related (nature-relatedness score
> 3; Figure 1a). Over half of the people who increased their green
space use were moderately nature-related (nature-relatedness
score = 3 > 4), one-quarter was strongly nature-related, and less
than one-quarter were weakly nature-related (Figure 1b). Over two-

thirds of the participants that reduced their use were moderately

TABLE 2 Change in use of urban green spaces before and during the restrictions period. Numbers in grey cells forming a diagonal

depict participants whose use remained unchanged, green and brown cells depict participants who increased and decreased their usage,
respectively, comparing usage before and during the restrictions period. Totals from rows and columns correspond to totals for each
category of use before and during the restrictions period, respectively. Percentages in bold brackets represent the proportion of people
from the total of participants based on their use before and during the restrictions period. Percentages in brackets represent the proportion

of people based on their use before the restrictions period

During Never Once every Once a 2-3 days a 4-5 days a 67 days a Total
2 weeks week week week week before
Before
Never 47 (55.3%) 14 (16.5%) 3 (3.5%) 12 (14.1%) 6 (7.1%) 3 (3.5%) 85
(8.5%)
Once every 29 (19.3%) 20 (13.3%) 18 (12%) 43 (28.7%) 16 (10.7%) 24 (16%) 150
2 weeks (14.9%)
Once a 28 (13.9%) 30 (14.9%) 34 (16.8%) 59 (29.2%) 26 (12.9%) 25 (12.4%) | 202
week (20.1%)
2-3 days a 14 (5.2%) 22 (8.2%) 33 (12.4%) 112 (41.9%) 56 (21%) 30 (11.2%) | 267
week (26.6%)
4-5 days a 2 (1.2%) 6 (3.6%) 10 (5.9%) 41 (24.3%) 80 (47.3%) 30 (17.8%) 169
week (16.8%)
6-7daysa 4 (3.1%) 4 (3.1%) 3(2.3%) 14 (10.9%) 23 (17.8%) 81 (62.8%) 129
week (12.8%)
Total 124 96 (9.5%) 101 (10%) 281 (28%) 207 (20.6%) 193 1002
During (12.3%) (19.2%) (100%)
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FIGURE 1 Participants' nature-relatedness scores and (a) weekly urban green space use before the restrictions period and and (b)
changes in urban green space use. Higher nature-relatedness score indicates a stronger connection to nature (5 = high nature-relatedness;
4,3 = moderate nature-relatedness; 2,1 = low nature-relatedness). Urban green space use change is represented by numbers (-5 to +5). See
Table 1 caption or methods section for explanation of how the change variable is calculated

TABLE 3 85% confidence set of
best-ranked regression models (the 17

. Explanatory variable
models whose cumulative Akaike weight P Y

was <0.85) examining the effect of A+B
explanatory variables on changes in urban A+NR+B
green space use in Brisbane, Australia.
A+GS+B
Gender (G), age (A), income (1), nature-
relatedness (NR), backyard access (B) and A+1+B
green space availability within a radius of A+G+B
300 m (GS). AIC for the null model was A
3,523.6
A+GS+NR+B
A+G+NR+B
A+1+NR+B
A+GS+G+B
A+GS+1+B
A+ GS
A+ NR
A+l
A+G+1+B
A+G

A+GS+G+NR+B

nature-related, only 17% were strongly nature-related and less than

one-quarter were weakly nature-related.

3.5 | Predictors of change in green space use of
urban green spaces

We did not find a clear single model that explained green space use
change from before to during the restrictions period. Within the
top candidate models, the best model with the smallest AIC only in-
cluded age (A) and backyard access (B) with an Akaike weight of 0.153
(Table 3). This can be interpreted that there is a 15.3% chance that
A + B is the best-approximating model describing the data given the

Delta Cum.
df AIC logLik AlIC Weight weight
5 3,503.93 -1,746.93 0.00 0.15 0.15
6 3,505.11 -1,746.51 1.17 0.08 0.23
6 3,505.11 -1,746.51 1.18 0.08 0.32
6 3,505.74 -1,746.82 1.81 0.06 0.38
6 3,505.78 -1,746.84 1.84 0.06 0.44
4 3,505.83 -1,748.89 1.89 0.05 0.50
7 3,506.30 -1,746.09 2.36 0.04 0.55
7 3,506.89 -1,746.38 2.95 0.03 0.58
7 3,506.91 -1,746.39 2.97 0.03 0.62
7 3,506.97 -1,746.42 3.03 0.03 0.65
7 3,506.98 -1,746.43 3.04 0.03 0.68
5 3,507.08 -1,748.51 3.14 0.03 0.72
5 3,507.25 -1,748.59 3.31 0.02 0.75
5 3,507.52 -1,748.73 3.59 0.02 0.77
7 3,507.55 -1,746.71 3.61 0.02 0.80
5 3,507.70 -1,748.81 3.76 0.023 0.82
8 3,508.09 -1,745.96 4.15 0.019 0.84

candidate models. Notably, age is the only variable that appears in all
models of the 85% confidence set, indicating its clear importance in
explaining the variation in green space use change. Six models had
delta AIC values below 2.0 and both age and backyard access were
included in most (all for age, and five for backyard access) of these six
models. The estimated coefficients indicated that age was negatively
associated with changes in green space use while the accessibility to
a backyard was positively associated with changes in green space use
(Figure 2a,b). The results from the cumulative link mixed-effects model
were similar; both age and backyard access showed a significant as-
sociation with changes in green space use (Table S1).

We found that the availability of green space did not influ-

ence change in use during the restrictions period (Figure 3a). Most
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participants have an average of 306 m? of urban green spaces sur-
rounding their residences within a radius of 300 m and live at an
average distance of 279 m from these (Figure 3a,b). At the lower
end of green space availability (200-400 m?), there is a similar pro-
portion of people decreasing (15%) or increasing (19%) urban green
space use. Although participants in the areas with the highest
green space availability (>500 m?) tended to maintain or increase
their frequency of use, this variable did not appear as significant in

our models.

3.6 | Reasons for using urban green during the
restrictions period

People cited a broad range of the benefits obtained from visiting
urban green spaces, with the top reason being psychological well-
being benefits (77.4%; Figure 4a) followed by physical benefits (62.8%),
and connection to nature 52.4%, suggesting that visits were mostly
perceived to improve general personal well-being. Visiting green
spaces for the provision of clean air was the main reason for 32.7% of
the sample population while sense of community was perceived as an

important reason for only 6.4% of participants.

There were marked increases in importance across almost all
the benefits for visiting green spaces during the restrictions period
(Figure 4b). The two exceptions to this were sense of community and
connection to spiritual side, given that only 37% and 25% of partici-
pants, respectively, reported an increase in importance during the
restriction period than before it (Figure 4b). Perhaps tellingly, two of
the variables that form psychological well-being benefits, reduction of
stress and reduction of anxiety, were rated among the most import-
ant reasons for green space visitation during the restrictions period
by 59% and 55% of people, respectively, and also physical benefits
by 57% of participants, with these three benefits representing the
biggest increase in ratings for any of the benefits of visiting green
spaces (Figure 4b). In contrast to those who increased or decreased
their use of green space during the restrictions period, the former
non-green space users cited the physical benefits provided by urban

green spaces as their top reason for initiating visits.

4 | DISCUSSION

Our results indicate that there were substantial changes in people's

usage and perceptions of urban green spaces during the COVID-19
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pandemic restrictions period in Brisbane. These changes occurred
across a broad range of socio-demographic groups. Two-thirds of
the sample population reported changing their use of green spaces
and also a significant change in the importance of their reasons for
use. This suggests that people did not necessarily visited green
spaces for a specific reason, but rather to accrue a higher quan-
tity of the full range of benefits that they normally perceive from
visiting green spaces. More broadly, almost 80% of participants
strongly perceived that psychological well-being could have been
improved by connecting with nature and spending time in urban
green spaces during a stressful moment. Echoing the findings of
Marselle et al. (2019), it is possible that urban green spaces less-
ened some of the deleterious pandemic-related impacts, since
reduction of self-reported stress, anxiety and depression were
the main reason for visiting urban green spaces in Brisbane. Our
results differed from a study conducted in Chengdu, China (Xie
et al., 2020), where they found a decrease in green space weekly
visit frequency, and found no significant increases in positive psy-
chological effects after visiting urban green spaces. This could
stem from differences in the severity of restrictions between the
two cities. Chengdu's government strongly recommended people
to use masks and to avoid enclosed and crowded places, such as
public transport and gatherings (The People, 2020), whereas re-
strictions in Brisbane, instead of just being urged to, people were
demanded to maintain social distancing and no social gatherings
were allowed. Our reported increase in green space use mirrors
that by Venter et al. (2020), who estimated that outdoor recrea-
tional activity in Norway increased by 291% during the restric-
tions period compared to a 3-year baseline average, even after
controlling for seasonality changes. Our results suggest that green
spaces have a crucial role in maintaining health and well-being dur-
ing stressful periods, and particularly during the restrictions pe-
riod when levels of stress, anxiety and depression were moderate
to high (Salari et al., 2020).

Urban green spaces are also recognised for their role in gener-
ating social capital and reducing social isolation (Dinnie et al., 2013;

Haq, 2011; Lo & Jim, 2010). However, during the restrictions period,

our results show that people's reasons for use of green spaces were
chiefly for the personal benefits rather than community cohesion
benefits, perhaps because contact between individuals was actively
discouraged to contain the disease outbreak (Australian Government
Department of Health, 2020a) and also as a result of concern about
spreading or contracting the disease through contact with other
people (Ho et al., 2020). During the restrictions period in Brisbane,
people could only use urban green spaces for recreational purposes
and were limited to their immediate neighbourhood with no more
than one person from the same household (Australian Government
Department of Health, 2020a). Our results contrast with those of Xie
et al. (2020), where survey participants chiefly visited urban green
spaces to meet their social needs during the pandemic-related mo-
bility restrictions period although people were encouraged to mini-
mise social interaction and avoid crowded places (The People, 2020).

Our results revealed that as long as urban green spaces are
available at ‘walking distance’ (within 300 m), the amount did not
influence participant's use change. This means that accessible urban
green spaces, regardless of their size and amount, may have facili-
tated the restorative benefits provided by urban ecosystems during
the restrictions period. Some studies show that a higher proportion
of green space at a ‘walking distance’ translates into increased phys-
ical benefits (Giles-Corti et al., 2005) and a community's health and
well-being (Annerstedt van den Bosch et al., 2015). Other studies
have shown that pocket parks and other small green spaces may
provide health benefits, mainly through psychological restoration
(Kaplan et al., 1998) or recreation (Baur & Tynon, 2010). Our finding
is particularly important because it indicates that, regardless of the
amount of green space, people still visited them to obtain the various
benefits provided, in particular psychological restoration. However,
it is important to notice that in densified neighbourhoods, green
spaces available at ‘walking distance’ are likely to reach their capac-
ity and become overcrowded (Campbell, 2020) causing discomfort
and health risks for certain groups.

Our results indicate that the elderly, the group who are the
most at risk of contracting severe complications from COVID-19

(Australian Government Department of Health, 2020b), were less
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likely to increase their green space usage, potentially as a result of
fear of infection (de Leo & Trabucchi, 2020) making them more sus-
ceptible to the potential negative effects of social isolation, fear of
the infection, frustration, boredom, inadequate information and fi-
nancial loss (Douglas et al., 2020). Santini et al. (2020) demonstrated
that social disconnection puts older adults at greater risk of depres-
sion and anxiety; thus, sufficient provision of nearby green space in
areas where a high density of older adults live might help ensure that
all residents' needs can be met equitably.

Due to the fear of spreading and contracting the virus discussed
by Ho et al. (2020), one might have assumed that those with access
to a backyard might have compensated urban green spaces visits by
spending more time in their backyards during the restrictions period
rather than venturing out. However, we found that people with back-
yard access were more likely to visit urban green spaces than those
without access during the restrictions period. This result is mirrored by
Lin et al. (2014) who demonstrated that green spaces users in Brisbane
tended to spend more time in their backyards compared to non-green
space users. In this respect, we echo the conclusion of Lin et al. (2014),
who cautioned that urban green spaces are not substitutable with
backyard access. On the contrary, it indicates that the provision of
urban green spaces and the benefits these provide should be strategi-
cally allocated, and perhaps focus on where they could help meet the
needs of the most vulnerable during times of stress.

We initially hypothesised that people more oriented to nature
would be more likely to use urban green spaces than those with a
weaker connection to nature. However, our results suggest that regard-
less of nature-relatedness, people changed their use of urban green
spaces. Lin et al. (2014) showed that urban dwellers were motivated to
use urban green spaces more by their orientation towards nature than
the distance of urban green spaces to their residences, but our results
suggest that during a time of elevated stress, usage of green space are
possibly motivated by factors other than orientation to nature. The
COVID-19 pandemic-related lockdowns and restrictions were simulta-
neously experienced by the entire Brisbane population causing health
effects on people (Douglas et al., 2020), and we conclude that increased
green space use, for some people, was a way to mitigate some of these
impacts regardless of nature-relatedness or former frequency of use.

A critical next step is longitudinal research to understand
whether the change in frequency of use and perceptions of urban
green spaces (for physical and mental well-being) remains a sus-
tained outcome of the COVID-19 pandemic. It is possible that the
effects of the COVID-19 pandemic on the change in use and per-
ception of urban green spaces may vary by context. For example,
residents of low- and middle-income countries may face differences
in the quality and quantity of benefits derived from green spaces
and accessibility to green spaces, compared to those in wealthier
countries (Amano et al., 2018). As such, future research might con-
sider these differences and conduct follow-up surveys to estimate
whether there was a change in urban green space use and percep-
tions during the COVID-19 restrictions period across different con-
texts or countries. Another important future step is to strategically

plan for the availability and proximity of urban green spaces in line

with population density to avoid overcrowding (Campbell, 2020)
and ensure adequate provision of ecosystems benefits. Lastly, we
recommend exploring the characteristics of urban green spaces that
can be optimised for stress recovery and result in use change pat-
terns during moments of stress.

A study limitation is the retrospective nature of the data, given
that participants reported their frequency of use and perceptions
of the benefits of green spaces before and after the restrictions pe-
riod 30-90 days after their use. This means that there may be some
inaccuracy in people's reports due to the memory recall errors.
Prior research has examined the effects of the length of reference
periods (time frame in which participants are asked to recall activi-
ties or experiences) on memory and recall (Gryczynski et al., 2015;
Winkielman et al., 1998). Ayhan and Isiksal (2004) claim that the
larger the reference period, the stronger the memory error effect.
Furthermore, future research can reduce the effects of recall errors
by conducting a prospective study.

Our results suggest that urban green spaces are valuable urban
settings that can support different forms of restoration during a
global health crisis. Urban green infrastructure is not only a keystone
for individual and community resilience to moments of stress in life
but also provides other forms of social and environmental resilience,
such as food security (Khumalo & Sibanda, 2019) and acts as a fun-
damental ecological structure for climate change adaptation such as
flood control (Carter et al., 2018), heat stress reduction (Ranagalage
et al.,, 2020) and air quality regulation (Lafortezza et al., 2009).
Furthermore, given the positive association of urban nature with im-
proved public health, it can also be translated into public economic
benefits due to the reduction in the cost of healthcare (Natural
Capital Committee, 2015); however, these benefits can be context-
dependent (Amano et al., 2018). The COVID-19 pandemic shed light
on the need to prioritise urban ecosystem services in the planning
agenda and also the need to better understand the dynamics of
people's uptake of these services not only under business as usual
but also under challenging circumstances to maximise the benefits
of green infrastructure. For that reason, in the post-pandemic era,
making a healthy urban environment that incorporates nature-based
solutions could make cities more resilient communities to the chal-

lenges of the twenty-first century.
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