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H I G H L I G H T S

• The study surveyed participants during and after the first COVID-19 peak in the UK.
• Perceived access to public and private green space are linked to better health and wellbeing.
• Private gardens can compensate for a lack of perceived access to public green spaces.
• Public green spaces are more protective for those without a private garden.
• Public and private green space are an essential health resource in times of crisis.
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Research has consistently shown that access to parks and gardens is beneficial to people’s health and wellbeing.
In this paper, we explore the role of both public and private green space in subjective health and wellbeing
during and after the first peak of the COVID-19 outbreak that took place in the UK in the first half of 2020. It
makes use of the longitudinal COVID-19 Public Experiences (COPE) study, with baseline data collected in March/
April 2020 (during the first peak) and follow-up data collected in June/July 2020 (after the first peak) which
included an optional module that asked respondents about their home and neighbourhood (n = 5,566).
Regression analyses revealed that both perceived access to public green space (e.g. a park or woodland) and
reported access to a private green space (a private garden) were associated with better subjective wellbeing and
self-rated health. In line with the health compensation hypothesis for green space, private gardens had a greater
protective effect where the nearest green space was perceived to be more than a 10-minute walk away. This
interaction was however only present during the first COVID-19 peak when severe lockdown restrictions came
into place, but not in the post-peak period when restrictions were being eased. The study found few differences
across demographic groups. A private garden was relatively more beneficial for men than for women during but
not after the first peak. The results suggest that both public and private green space are an important resource for
health and wellbeing in times of crisis.

1. Introduction

further transmission of the disease. Within two weeks of the World
Health Organisation declaring a pandemic (Cucinotta & Vanelli, 2020),
the UK government imposed a strict nationwide lockdown on the 23rd of
March 2020. The Welsh Government introduced similar measures for
Wales, as did administrations of the other devolved UK nations (Colfer,
2020). For the first 2–3 months of the lockdown, individuals were only

1.1. Background
The rapid spread of the SARS-CoV-2 virus that causes COVID-19
resulted in lockdowns across the world in a desperate bid to prevent

* Corresponding author.
E-mail addresses: PoortingaW@cardiff.ac.uk (W. Poortinga), BirdN1@cardiff.ac.uk (N. Bird), BHallingberg@cardiffmet.ac.uk (B. Hallingberg), RPhillips2@
cardiffmet.ac.uk (R. Phillips), DWilliams3@cardiffmet.ac.uk (D. Williams).
https://doi.org/10.1016/j.landurbplan.2021.104092
Received 10 December 2020; Received in revised form 4 March 2021; Accepted 17 March 2021
Available online 3 April 2021
0169-2046/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

W. Poortinga et al.

Landscape and Urban Planning 211 (2021) 104092

stressful events (such as family relocation or school punishment) on
psychological distress and self-worth. Van den Berg and colleagues
(2010) further highlight the role of green space as a potential buffer
against negative life experiences. They show that the presence of green
space in people’s living environment mitigates negative impacts of
stressful life events on physical and general health. They found similar
but weaker buffering effects for mental health. In line with these find
ings, Ottosson and Grahn (2008) show that green space can act as a
buffer at times of personal crisis. Their study found that experiencing
nature (e.g. by taking a walk or observing green landscapes) particularly
benefits the rehabilitation of people who were greatly affected by a
personal crisis, such as a divorce or death of a loved one, as compared to
those who were less affected by such as crisis.
It is not only the presence but also the perceived distance and
accessibility of green space that drives their use and benefits. Perceived
travel distance is a main factor in the frequency of visits to per-urban
green spaces (Žlender & Thompson, 2017), with users being six times
more likely to visit green space for physical exercise if they perceive it to
be nearby (Zuniga-Teran et al., 2019). People living further than 1 km
from green space are far less likely to use them to keep in shape (Toft
ager et al., 2011). Using the Neighbourhood Environment Walkability
Scale, Sugiyama et al. (2008) identified a significant association be
tween perceived access to green environments and mental health.
Dadvand et al. (2016) further illustrate the importance of perceived
proximity to greenspace as an indicator for general health as opposed to
objective measures of distance. The study found that subjective resi
dential proximity to green spaces was associated with better selfreported general health measures, while results for measures of objec
tive proximity were inconclusive. Evidence shows that the use of green
and blue spaces for physical activity and recreational purposes can at
least in part explain the link between perceived distance and physical
and mental health (cf., Hartig et al., 2014). Völker et al. (2018) shows
that the link between perceived walking distance and mental health was
mediated by blue space use. Nielsen and Hansen (2007) similarly found
that the health effects of perceived distance to green space reflect their
conduciveness to outdoor activities. Sugiyama et al. (2008) concluded
that the relationship between greenness and mental health was only
partly accounted by recreational walking.

permitted to leave their home for essential travel, such as food shopping,
and for outdoor exercise once a day. The lockdowns at start of the
pandemic are thought to have saved millions of lives (Flaxman et al.,
2020) due to reduced mobility (Badr et al., 2020; Paez, 2020) and
therefore transmission of the disease (Courtemanche et al., 2020; Paez
et al., 2021), but raised concerns about their impact on people’s mental
health as a result of stress, substance abuse, anxiety, and loneliness
(Galea et al., 2020; World Health Organization, 2020). Indeed, early
evidence has shown increased prevalence of poor mental health and
wellbeing during the early stages of the pandemic (e.g. Holttum, 2020;
Karatzias et al., 2020; Li & Wang, 2020; Pappa et al., 2020).
A growing literature has shown that (perceived) access to green
space plays an important role in people’s health and wellbeing (Houlden
et al., 2018; Twohig-Bennett & Jones, 2018), and that it can act as a
buffer against stressful life experiences (Van den Berg et al., 2010). The
restrictions to people’s movement and assembly were unprecedented,
highlighting the importance of having nearby green spaces to maintain
physical and mental health (Gray & Kellas, 2020). A recent study,
conducted in six European countries, found that individuals expressed a
great need for spending time in urban green spaces during the pandemic,
and that they were seen as places of solace and respite as well as for
exercise and relaxation (Ugolini et al., 2020). Visits to urban green
spaces were missed the most in countries with the most severe re
strictions (ibid).
In this paper, we will examine the role of perceived access to green
space at different time periods during the COVID-19 outbreak, making
use of a longitudinal dataset that was collected during the first peak of
the COVID-19 pandemic in the UK as lockdown restrictions were being
introduced (March/April 2020) and immediately post-peak as lockdown
restrictions were beginning to be eased (June/July 2020).
1.2. Green space, health and wellbeing
A wealth of research has pointed to the beneficial effects of green
space and experiences with nature in terms of health and wellbeing
(Maas et al., 2006). The association between (perceived) access to green
space and health has been evidenced across a range of contexts, with one
systematic review of 143 studies concluding that exposure to green
space is linked to reduced incidence of stroke, hypertension, asthma and
coronary heart disease (Twohig-Bennett & Jones, 2018). In addition to
research supporting the positive role of green space in physical health,
there is evidence to its psychological benefits. One study that identified a
clear link with access to green space and mental wellbeing showed that
individuals who reported visiting nature the day prior were happier, and
those who visited nature regularly perceived their lives to be more
worthwhile (White et al., 2017). Studies extend this finding through
illustrating the role of nature experiences on life satisfaction (Biedenweg
et al., 2017), eudaimonic and hedonic happiness (Passmore & Howell,
2014), personal growth (Pritchard et al., 2020) and psychological
resilience (Buchecker & Degenhardt, 2015).
Nature has been shown to act as a buffer against the impact of life
stressors. For example, Hazer et al. (2018) identified a significant
reduction in perceived stress for every hour per week of exposure to
green space, which would equate to an additional $2,210 in annual
household income or 45 min of vigorous exercise. A second study uti
lised a large nationwide student survey across 42 Chinese cities found
that green space plays a role in reducing uncertainty stress, and to a
lesser extent life stress (Yang et al., 2019). Thompson et al. (2012) show
that quantity of green space is associated with lower levels of selfreported stress and diurnal cortisol among residents living in economi
cally deprived areas. The use of more objective biomarkers of stress
alongside self-reported measures of stress provides clear converging
evidence that green space can help mitigate physiological stress
responses.
In a study of child psychological wellbeing, Wells and Evans (2003)
demonstrated that nearby nature can help to moderate the effect of

1.3. Access to public and private green space
Research thus far has mostly focused on the health effects of public
green spaces such as parks, rather than on the health effects of private
green spaces such as gardens. Many studies combined private or shared
gardens with public green spaces within a given radius (e.g. TrigueroMas et al., 2015; White et al., 2017) or left them out completely (e.g.
Mitchell & Popham, 2007; Van den Berg et al., 2010; Völker et al.,
2018). Yet, domestic gardens are common in the UK, covering about a
third of urban areas in terms of space (ONS, 2020). Gardens may play an
important role in people’s health and wellbeing as they provide op
portunities for socialisation, physical activity and relaxation, which
have been shown to reduce stress and provide benefits in terms of mental
and physical health. Indeed, a recent English study (De Bell et al., 2020)
found that respondents who engaged in garden-related activities (such
as relaxing and gardening) reported better health and wellbeing, more
physical activity, and more nature visits than those who did not. The
study further considered different types of outdoor space (such as patios,
balconies), but concluded that only reported access to a private garden
was associated with better wellbeing. The role of garden use as an
important health resource is in line with prior research on the perceived
restorativeness of private gardens (Cervinka et al., 2016). Dennis and
James (2017) analysed the relationship between public green spaces and
gardens on local health deprivation in North West England and found
that both public and private green space were negatively associated with
health deprivation at the population level. They concluded that do
mestic gardens mitigate health deprivation more effectively than public
2
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green space at all levels of urbanity apart from the most rural areas. A
population-level survey showed that garden size played a significant
role on self-reported health, with areas with small gardens displaying
greater income-related health inequalities (Brindley et al., 2018). This
highlights that garden access and quality may play a key role in the
buffering effect of nature regarding health and wellbeing.
Evidence shows that private gardens –just as public green spaces–
may act as a buffer against stress. Nielsen and Hansen (2007) found that
reported access to a private or shared garden was negatively correlated
with levels of self-reported stress. A Swedish study showed that reported
access to a garden at the workplace may play a positive role in “trivsel”
(a Scandinavian term that encompasses comfort, pleasure and well
being) and subsequently stress-reduction (Stigsdotter & Grahn, 2004).
Research has additionally demonstrated the role of gardens across a
range of mental health dimensions. For example, one study utilised
semi-structured interviews to highlight the role of gardens on the mental
health of people with dementia (Liao et al., 2020). Staff members of care
facilities reported positive effects of garden-use on mood, depression,
and agitation levels. The study further pointed to the role of gardens on
cognition, with reported improvements in attention and time orienta
tion after garden use.
Maat and De Vries (2006) proposed that there is an interplay in the
use of public and private green spaces, which they termed the compen
sation hypothesis. The hypothesis holds that people with less green space
in their direct residential environment are more likely to visit public
green space and natural areas as compensation. Strandell and Hall
(2015) found some support for the compensation hypothesis. Their
study showed a relationship between density of residential environment
and time spent at a second home, with respondents without gardens
using second homes more frequently. However, others have obtained
evidence for that contradicts the compensation hypothesis. De Bell and
colleagues (2020) found that people who use their own garden more
frequently also visit nature away from their home more regularly.
Similarly, Lin et al. (2014) found that public park users spend more time
in their own private garden as compared to non-park users, which they
attribute to differences in ‘nature orientation’ reflecting the value and
relevance of nature to people’s life.
The compensation hypothesis of Maat and De Vries (2006) specif
ically relates to a potential substitution effect in the usage of different
types of green spaces. Despite a wealth of evidence showing that both
access to public and private green space are associated with a range of
health outcomes, very few studies have explored the potential for
compensatory effects in terms of health and wellbeing. We propose that
access to public green space may compensate for the absence of a private
garden in terms of health and wellbeing, which we refer to as the health
compensation hypothesis for green space. The hypothesis holds that access
to public green space is a stronger buffer against negative life experi
ences for people who do not have access to a private garden. The hy
pothesis can also be formulated in reverse: access to a private green
space (i.e. a garden) has a stronger health protective effect where people
have restricted access to public green space. The health compensation
hypothesis can be seen as an extension of the compensation hypothesis
(Maat and De Vries, 2006) in that when and where access to public parks
is limited, potential negative effect for health and wellbeing may be
buffered by access to a private garden. Equally, having access to public
green spaces nearby may compensate for the absence of a private garden
in dealing with stress and adverse life experiences.

private green space (a private garden) are associated with better sub
jective wellbeing and self-rated health, (2) having access to a private
garden has a protective effect where there is a lack of perceived access to
public green space (the ‘health compensation hypothesis’ of green space),
and (3) certain social and demographic groups benefit more from public
green space and private garden access than others. Most research thus
far has focused on the benefits of public green spaces and private gar
dens. Here we report on the role of the two types of green space in
conjunction to examine potential compensatory effects in terms of
health and wellbeing during a time of crisis (Spring 2020), when there
were wide-ranging restrictions being implemented on freedom of
movement, as well as when the most severe restrictions were (tempo
rarily) lifted in the UK (Summer 2020).
2. Data and methods
2.1. COPE
The data were obtained from the COVID-19 Public Experiences
(COPE) mixed-methods study that consists of a longitudinal online
survey and qualitative interviews. A total of 11,112 responses were
collected between the 13 March and 14 April 2020 with most partici
pants recruited through Health Wise Wales (HWW), an existing national
longitudinal study funded by the Welsh Government (Hurt et al., 2019).
Additional respondents were recruited online via social media plat
forms, such as Facebook, Twitter and Instagram. The COPE study is a
longitudinal study with the same respondents being represented in the
baseline and follow-up surveys. Those who consented to follow-up at the
baseline survey were sent an individualised link to the 3-month survey
via e-mail, which included a unique identifier to enable us to link the
baseline and 3-month data. No new participants were recruited for the
follow-up survey. Of all baseline respondents, 89.0% gave consent to be
recontacted for the follow-up surveys. Responses for the 3-month follow
up were collected between 20 June and 20 July 2020. In total, 7,049
follow-up responses were received, a response rate of 63.4% from
baseline and 71.2% from those who consented.
The COPE surveys covered a wide-range of topics, including
behavioural responses and activities during the COVID-19 pandemic,
measures of mental and physical health, trust in information, and gen
eral background/socio-demographic information. The follow-up survey
included an optional module with questions on access to gardens and
green space, with 5,566 responses (79.0% the follow-up respondents).
The respondents answering the follow-up survey were the same persons
in the during the peak. We make use of both the baseline and follow up
data for the 5,566 respondents that were collected during the height of
the COVID-19 pandemic when lockdown was coming into force in the
UK (March/April 2020), and after the most severe restrictions were
eased (June/July 2020) when retailers were allowed to reopen and
many schools had reopened including in Wales. The 5-mile ‘stay local’
travel restrictions for Wales were lifted on 6 July 2020.
2.2. Measures
The study had two outcome variables: subjective wellbeing and selfrated health. Subjective wellbeing was measured using three items from
the SF36 scale (Item 1: “Have you felt calm and peaceful?”, Item 2: “ Did
you have a lot of energy?”, and Item 3: “ Have you felt downhearted and
blue “). After reversing Item 3, a scale was created by averaging the
three items, with higher scores indicating better psychological wellbeing. The resulting scale ranged from 0 “none of the time” to 5 “All
the time”. The scale had good reliability (Cronbach’s α = 0.77 peak, and
0.82 post-peak). Self-rated health was measured by asking respondents
“How is your health in general?” The response options were: 1 “poor”, 2
“Fair, 3 “Good”, 4 “Very Good” and 5 “excellent”. The scale is considered
a good indicator of subjective wellbeing and physical health (Idler &
Benyamini, 1997).

1.4. Aim of the study
The aim of the current research is to explore the potential benefits of
public and private green space during and after the first peak in COVID19 infections in the UK, with associated lockdown restrictions coming
into force and subsequently being gradually eased in the first half of
2020. More specifically, it examines whether (1) perceived access to
public green space (e.g. a park or woodland) and reported access to a
3
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Perceived access public to public green space was indicated by responses
to the question “How far away from your home is your nearest green
space area? (e.g. park, playing field, public garden, woodland, or other
green space). A distinction was made between Less than a 5-minute
walk, Within a 5–10 min walk and>10 min walk. Table 1 shows that
most respondents (64.2%) lived within a 5 min walk; around a quarter
(23.9%) lived within a 5–10 min walk; and around one in nine (11.2%)
lived > 10 min walk away from the nearest public green space. These
numbers are comparable to research conducted in 2017 in Scotland,
which found that 64.3% lived within a 5-minute walk, 20.3% living
within 5–10 min walk, and 15.3% > 10 min walk away from the nearest
green space (Scottish Government, 2018). Access to a private garden was
measured by asking what option best applied to respondents’ homes
(response options: ‘I have access to my own garden’, ‘I have access to a
communal garden’, ‘ I have access to private outdoor space but not a
garden (e.g. balcony, yead, patio area, driveway), and ‘I don’t have

access to a garden or private outdoor space’). A distinction was made
between “I have access to my own garden” and all other options to
capture the significance of having access to private green space. Table 1
shows that most respondents (91.7%) had access to a private garden.
This is slightly higher than national figures showing that around one in
eight households in Great Britain has no access to a private or shared
garden during the coronavirus; and around four in five has access to a
private garden (ONS, 2020). There was an association between
perceived distance to nearest public green space and reported access to a
private garden, with access to a private garden increasing from 85.8%
when a park is perceived to be > 10 mins away, to 89.7% when a park is
perceived to be 5–10 mins away, and 93.7% when a park is perceived to
be < 5 mins away. This however does not lead to problems with multicollinearity, with a value inflation factor (VIF) of 1.00 for the two
measures.
A number of socio-demographic variables were included relating to
gender, age, working status and marital status. The descriptive statistics
for the variables are presented in Table 1. The table shows that women
are over-represented in the final sample, as are respondents over 50
years of age. Over-representation of older age groups is also reflected in
the large number of respondents having retired (46.2%). Around 47% of
the sample were in full-time or part-time employment, including selfemployment; and 6.4% indicated being unemployed. A great majority
(around 90%) were married or were living together, with 10% being
single, separated or widowed.

Table 1
Characteristics of the COPE neighbourhood dataset (n = 5,566) and descriptive
statistics for subjective wellbeing and self-rated health during and after the first
peak of the COVID-19 outbreak.
Subjective
wellbeing
Peak
n

%

Perceived access to public green space
< 5 min walk
3,572
64.2

Self-rated health
Peak

M (SD)

Postpeak
M (SD)

M (SD)

Postpeak
M (SD)

2.84
(1.07)
2.71
(1.07)
2.53
(1.07)

3.02
(1.09)
2.83
(1.13)
2.65
(1.15)

3.56
(0.99)
3.35
(1.04)
3.10
(1.08)

3.46
(1.02)
3.26
(1.04)
2.97
(1.10)

2.79
(1.07)
2.55
(1.12)

2.96
(1.10)
2.56
(1.18)

3.47
(1.12)
3.21
(1.12)

3.38
(1.04)
3.07
(1.08)

2.60
(1.05)
3.17
(1.02)

2.77
(1.09)
3.28
(1.09)

3.46
(1.02)
3.41
(1.04)

3.36
(1.04)
3.34
(1.06)

2.17
(1.04)
2.35
(0.99)
2.34
(1.04)
2.64
(1.08)
3.00
(1.02)
3.17
(0.97)

2.29
(1.03)
2.40
(1.06)
2.52
(1.07)
2.80
(1.14)
3.19
(1.04)
3.32
(0.99)

3.70
(0.93)
3.59
(0.98)
3.53
(1.03)
3.41
(1.12)
3.44
(1.01)
3.32
(1.00)

3.59
(1.00)
3.50
(0.99)
3.41
(1.07)
3.30
(1.11)
3.35
(1.04)
3.25
(1.01)

5–10 min walk

1,328

23.9

> 10 min walk

622

11.2

Private garden
Yes

5,105

91.7

No

456

8.2

Gender
Female

3,832

68.9

Male

1,721

30.9

Age
18–30

260

4.7

31–40

528

9.5

41–50

715

12.9

51–60

1,185

21.3

61–70

1,806

32.5

71 and older

1,063

19.1

2,612

47.0

2.59
(1.03)

2.76
(1.08)

3.62
(0.96)

3.52
(0.98)

358

6.4

2,570

46.2

2.07
(1.13)
3.08
(1.01)

2.15
(1.19)
3.24
(1.04)

2.76
(1.25)
3.57
(1.02)

2.64
(1.24)
3.29
(1.04)

5,004

89.9

536

9.7

5,566

100

2.81
(1.04)
2.67
(1.15)
2.77
(1.07)

3.00
(1.09)
2.77
(1.15)
2.93
(1.11)

3.51
(1.01)
3.31
(1.08)
3.45
(1.03)

3.40
(1.03)
3.24
(1.08)
3.35
(1.05)

Working status
In employment (fulltime, part-time,
self-employed)
Unemployed
Retired
Marital status
Married or living
together
Single, widowed or
separated
Overall

2.3. Statistical analysis
Two sets of regression analyses were conducted for each of the two
outcome variables of subjective wellbeing and self-rated health (see
Tables 2 and 3, respectively). Separate analyses were conducted for the
Peak (baseline) and Post-peak (follow-up) surveys. Model 1 included
perceived access to public green space and reported access to a private
green space as independent variables. The different categories for the
two variables were included as dummies, with ‘Public green Space (<5
min walk)’ and ‘no private garden’ as reference categories respectively.
Table 2
Results from linear regression models predicting subjective wellbeing from
perceived access to public green space and private garden during and after the
first peak of the COVID-19 outbreak.
Subjective wellbeing
Peak

Constant
Public green
space (5–10
min walk)
Public green
Space (>10
min walk)
Private garden
Private garden ×
Public green
space (5–10
min walk)
Private garden ×
Public green
space (>10
min walk)
Observations

Note: the figures do not always add up to 100% due to missing values; M =
Mean; SD = Standard Deviation.

Post-peak

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 1
B (95% CI)

Model 2
B (95% CI)

2.655
(2.553,
2.758)***
− 0.119
(− 0.187,
− 0.052)***
− 0.294
(− 0.386,
− 0.203)***
0.196
(0.093,
0.299)***

2.771
(2.632,
2.910)***
− 0.324
(− 0.550,
− 0.098)**
− 0.571
(− 0.833,
− 0.308)***
0.072
(− 0.072,
0.216)
0.223
(− 0.014,
0.459)

2.692
(2.586,
2.798)***
− 0.175
(− 0.245,
− 0.105)***
− 0.338
(− 0.433,
− 0.244)***
0.345
(0.238,
0.451)***

2.760
(2.616,
2.905)***
− 0.284
(− 0.517,
− 0.050)**
− 0.518
(− 0.789,
− 0.247)***
0.272
(0.123,
0.421)***
0.118
(− 0.127,
0.363)

0.311
(0.031,
0.591)**
5,498

5,498

0.203
(− 0.087,
0.492)
5,504

5,504

Note: B = unstandardised regression coefficient; CI = confidence interval; * p <
0.05, ** p < 0.01, *** p < 0.01.
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period when lockdown restrictions were being eased than in the peak
period when lockdown restrictions came into force in the UK. This dif
ference was statistically significant (t = 13.386, df = 5530, p < 0.001),
reflecting an effect size of Cohen’s d = 0.18. However, self-rated health
saw a reverse effect: self-rated health was significantly lower in the postpeak period than at the outset of lockdown (t = − 10.679, df = 5551, p <
0.001). The size of this effect was Cohen’s d = 0.14.
Table 2 reports the results of the regression analyses with subjective
wellbeing as the dependent variable. The initial model (Model 1) shows
that both perceived access to public green space and reported access to a
private garden were significantly associated with subjective wellbeing
during the peak and post-peak waves. People living a 5–10 min walk or
more than a 10 min walk away from public green space had lower levels
of subjective wellbeing than those living less than a 5 min walk away.
Those with access to a private garden had higher levels of subjective
wellbeing than those without a private garden. The subsequent model
(Model 2) added interaction terms between perceived public green space
and private garden access. Table 2 shows that the interaction between
perceived private garden access and living > 10 min away from public
green space was significant during the first COVID-19 peak, but not at
the post-peak period. The results of ordinal regression analyses for each
of the three subjective wellbeing items are reported in supplementary
materials 1 (Tables S9-S11), and show only minor deviations from the
results of the linear analyses, suggesting that the results are robust.
Table 3 shows the results of the regression analyses with self-rated
health as the dependent variable. Similar results were found for selfrated health as for subjective wellbeing: both perceived public green
space and private garden access were significantly associated with better
self-rated health during and after the first COVID-19 peak in the UK
(Model 1), with people living a 5–10 min walk or more than a 10 min
walk away from public green space reporting poorer health than those
living less than a 5 min walk away. The interaction between private
garden access and living > 10 min away from public green space (Model
2) was significant during but not after the first COVID-19 peak in the UK,
underlining the importance of proximal access to green space during
most stringent lockdown conditions. The results of ordinal regression
analyses for the self-rated health item are reported in Table S8 of sup
plementary materials 1. Just as for subjective wellbeing the main find
ings for the ordinal regressions were comparable to those of the linear
regressions, suggesting that the results are robust.
These interactions are shown in Fig. 1. The steeper slopes in the left
column of Fig. 1 illustrate that nearby public green spaces were more
important for people without private gardens than for those with private
gardens during the height of the first peak. The almost parallel lines in
the right column of Fig. 1 show that nearby public green spaces were
equally important for people with and without private gardens as
lockdown was being eased.
The third aim of the study was to explore whether (perceived) public
green space and private garden access benefited certain sociodemographic groups more than others. Results of the multiple regres
sion analyses are reported in Table 4. Model 3 results for subjective
wellbeing show that men, older age groups, and those who are retired
and married/living together reported better wellbeing during and after
the most restrictive lockdown phase, as compared to women, younger
age groups, and those who are not retired or married/living together.
People who were unemployed reported lower wellbeing in both periods.
The Model 3 results for self-rated health show that older age groups and
those who were retired and unemployed reported poorer health during
and after the most restrictive lockdown phase. Respondents who were
married or living together reported better health in the two periods.
There were no significant differences in self-rated health between men
and women. All socio-demographic associations reported in Table 4
were consistent across the two periods, suggesting that they are more
generic associations that are not due to differences in restrictions. Model
3 results further show that the subjective wellbeing effect for reported
garden access was rendered non-significant by the socio-demographic

Table 3
Results from linear regression models predicting self-rated health from
perceived access to public green space and private garden during and after the
first peak of the COVID-19 outbreak.
Self-rated health
Peak

Constant
Public green
space (5–10
min walk)
Public green
Space (>10
min walk)
Private garden
Private garden ×
Public green
space (5–10
min walk)
Private garden ×
Public green
space (>10
min walk)
Observations

Post-peak

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 1
B (95% CI)

Model 2
B (95% CI)

3.366
(3.268,
3.464)***
− 0.195
(− 0.259,
− 0.131)***
− 0.442
(− 0.529,
− 0.355)***
0.203
(0.105,
0.302) ***

3.427
(3.294,
3.559)***
− 0.193
(− 0.409,
0.022)
− 0.756
(− 1.006,
− 0.506)***
0.138
(0.001,
0.275)*
− 0.005
(− 0.231,
0.221)

3.230
(3.130,
3.329)***
− 0.196
(− 0.261,
− 0.131)***
− 0.475
(− 0.563,
− 0.387)***
0.250
(0.150,
0.350)***

3.252
(3.118,
3.387)***
− 0.245
(− 0.464,
− 0.026)**
− 0.514
(− 0.768,
− 0.259)***
0.226
(0.087,
0.365)**
0.054
(− 0.176,
0.283)

0.361
(0.094,
0.627)**
5,505

5,505

0.043
(− 0.228,
0.314)
5,516

5,516

Note: B = unstandardised regression coefficient; CI = confidence interval; * p <
0.05, ** p < 0.01, *** p < 0.01.

This means that three model parameters were estimated: ‘Public green
space (5–10 min walk)’, ‘Public green Space (>10 min walk)’, and
‘private garden’. Model 2 extended the first model by adding interaction
terms between the two independent variables, i.e. ‘Private garden ×
Public green space (>10 min walk)’ and ‘ Private garden × Public green
space (>10 min walk)’. These regression models show whether
perceived access to public green space (e.g. a park or woodland) and
reported access to a private green space (a private garden) are associated
with better subjective wellbeing and self-rated health. The interaction
terms in Model 2 show whether having access to a private garden has a
protective effect where there is a perceived lack of access to public green
space. We also ran ordinal regressions for each of the individual selfrated health and subjective wellbeing items to check the robustness of
our results. The results of the ordinal regression are reported in sup
plementary materials 1, Tables S8-S11.
The third aim of the study (to examine whether certain social and
demographic groups benefit more from access to public and private
green spaces than others) was addressed by constructing regression
models (Model 3) that included socio-demographic groups (gender, age,
working status, and marital status) in addition to perceived public green
space and private garden access as independent variables. Model 3 was
subsequently extended by adding interactions between the respective
socio-demographic groups and perceived access to public/private green
space. Interactions between the socio-demographic groups on the one
hand and perceived public green space and private garden access on the
other were estimated in separate regression analyses (Models 4a-e). The
full models are provided in supplementary materials 1 (Tables S1–S7). In
all cases, the unstandardised regression coefficients and their 95%
confidence intervals (CIs) are reported. The analyses were conducted in
R statistical software (version 4.0.2) and RStudio (version 1.3.1073). All
code is provided in supplementary materials 2.
3. Results
Table 1 shows that subjective wellbeing was higher in the post-peak
5
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Fig. 1. Mean subjective wellbeing and self-rated health during and after the first peak of the COVID-19 outbreak according to walking distance to public green space
for respondents with (dashed line) or without (solid line) private garden. The error bars show 95% confidence intervals (CIs).

covariates, but only in the period when most travel restrictions were
lifted. All self-rated health effects for perceived public green space and
private garden access stayed significant when controlling for sociodemographic covariates both during and after the first COVID-19
peak. This suggests that perceived public green space and private gar
den access contribute to subjective health and wellbeing independent of
socio-demographic background of the participants, in particular during
the height of the first COVID-19 outbreak.
Table 4 further reports the results of the regression analyses that
included interactions between the respective socio-demographic groups
on the one hand and perceived public green space and private garden
access on the other (Model 4a-e). Only one significant interaction was
found for subjective wellbeing: having garden access had a bigger
impact on the subjective wellbeing of men than of women. This inter
action was however only found during but not after the first COVID-19
peak. There were no significant interactions for self-rated health at all.
Broadly speaking, these results suggest that perceived public green
space and private garden access benefited different sociodemographic

groups equally in terms of subjective wellbeing and self-rated health
both during and after the first COVID-19 peak. The full results of all
socio-demographic regression models are provided in supplementary
materials 1 (Tables S1–S7).
4. Discussion
4.1. Summary of results
This study investigated whether perceived access to public (e.g. a
park or woodland) or private (a garden) green space was associated with
better subjective health and wellbeing, both during and after the first
COVID-19 peak that took place in the UK in the first half of 2020. We
also examined whether there were compensatory health effects for
perceived access to public and private green space, and whether
(perceived) public green space and private garden access were more
beneficial for specific socio-demographic groups in the two periods. The
results show that both perceived access to public green space and
6
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Table 4
Results from multiple linear regression models showing associations of subjec
tive wellbeing and self-rated health with different socio-demographic groups
and their interaction with perceived access to public green space and private
garden during and after the first peak of the COVID-19 outbreak (Model 3 and
Models 4a-e).
Model
3

Constant
Public green
space (5–10
min walk)
Public green
Space (>10
min walk)
Private
garden
Gender
(male)
Age
Retired
Unemployed

4a

4b

4c

4d

Married/
Living
together
Gender ×
Public green
space (5–10
min walk)
Gender ×
Public green
space (>10
min walk)
Gender ×
Private
garden
Age × Public
green space
(5–10 min
walk)
Age × Public
green space
(>10 min
walk)
Age × Private
garden
Retired ×
Public green
space (5–10
min walk)
Retired ×
Public green
space (>10
min walk)
Retired ×
Private
garden
Unemployed
× Public
green space
(5–10 min
walk)

Subjective wellbeing

Self-rated health

Peak
B (95% CI)

Post-peak
B (95% CI)

Peak
B (95% CI)

Post-peak
B (95% CI)

2.623
(2.512,
2.735)***
− 0.172
(− 0.237,
− 0.107)
***
− 0.373
(− 0.461,
− 0.284)***
0.179
(0.077,
0.280)***
0.311
(0.250,
0.372)***
0.175
(0.148,
0.201)***
0.110
(0.033,
0.186)**
− 0.561
(− 0.675,
− 0.446)***
0.165
(0.104,
0.225)***
− 0.010
(− 0.145,
0.126)

2.559
(2.452,
2.667)***
− 0.118
(− 0.180,
− 0.055)***

3.401
(3.293,
3.510)***
− 0.169
(− 0.232,
− 0.106)***

3.270
(3.160,
3.380)***
− 0.168
(− 0.232,
− 0.103)***

− 0.330
(− 0.416,
− 0.245)***
0.061
(− 0.037,
0.159)
0.387
(0.328,
0.447)***
0.140
(0.114,
0.166)***
0.173
(0.099,
0.247)***
− 0.486
(− 0.597,
− 0.376)***
0.082
(0.023,
0.141)**
− 0.008
(− 0.148,
0.132)

− 0.393
(− 0.479,
− 0.308)***
0.168
(0.070,
0.267)***
− 0.010
(− 0.070,
0.049).
− 0.051
(− 0.076,
− 0.025)***
− 0.108
(− 0.182,
− 0.034)**
− 0.770
(− 0.881,
− 0.659)***
0.122
(0.063,
0.181)***
− 0.007
(− 0.143,
0.129)

− 0.428
(− 0.515,
− 0.340)***
0.225
(0.125,
0.325)***
0.025
(− 0.036,
0.085).
− 0.051
(− 0.078,
− 0.025)***
− 0.088
(− 0.163,
− 0.012)*
− 0.800
(− 0.913,
− 0.688)***
0.075
(0.015,
0.135)*
0.008
(− 0.131,
0.146)

− 0.031
(− 0.218,
0.156)

− 0.024
(− 0.217,
0.168)

− 0.104
(− 0.292,
0.084)

− 0.109
(− 0.300,
0.082)

0.232
(0.025,
0.440)*
0.009
(− 0.034,
0.052)

0.210
(− 0.004,
0.425)
0.019
(− 0.025,
0.064)

− 0.013
(− 0.222,
0.195)
0.002
(− 0.041,
0.046)

0.036
(− 0.176,
0.247)
0.014
(− 0.030,
0.058)

0.043
(− 0.017,
0.102)

0.017
(− 0.044,
0.079)

− 0.029
(− 0.089,
0.030)

− 0.013
(− 0.073,
0.048)

0.048
(− 0.010,
0.105)
− 0.041
(− 0.167,
0.085)

0.043
(− 0.017,
0.102)
− 0.025
(− 0.155,
0.105)

0.001
(− 0.057,
0.058)
0.023
(− 0.104,
0.149)

− 0.006
(− 0.065,
0.053)
0.045
(− 0.083,
0.174)

0.065
(− 0.105,
0.236)

0.010
(− 0.166,
0.187)

− 0.125
(− 0.296,
0.047)

− 0.112
(− 0.286,
0.063)

0.158
(− 0.042,
0.359)
− 0.027
(− 0.272,
0.218)

0.121
(− 0.087,
0.328)
0.059
(− 0.195,
0.313)

− 0.054
(− 0.255,
0.147)
− 0.019
(− 0.265,
0.227)

− 0.017
(− 0.222,
0.188)
− 0.126
(− 0.376,
0.124)

Table 4 (continued )
Model

4e

Unemployed
× Public
green space
(>10 min
walk)
Unemployed
× Private
garden
Married/
Living
together ×
Public green
space (5–10
min walk)
Married/
Living
together ×
Public green
space (>10
min walk)
Married/
Living
together ×
Private
garden

Subjective wellbeing

Self-rated health

Peak
B (95% CI)

Post-peak
B (95% CI)

Peak
B (95% CI)

Post-peak
B (95% CI)

− 0.032
(− 0.355,
0.291)

− 0.027
(− 0.362,
0.307)

− 0.299
(− 0.624,
0.025)

− 0.281
(− 0.612,
0.049)

0.131
(− 0.188,
0.449)
− 0.042
(− 0.178,
0.094)

0.077
(− 0.255,
0.409)
− 0.050
(− 0.191,
0.090)

0.036
(− 0.284,
0.357)
0.022
(− 0.115,
0.159)

− 0.166
(− 0.492,
0.160)
− 0.013
(− 0.152,
0.126)

0.071
(− 0.108,
0.250)

0.050
(− 0.135,
0.235)

0.052
(− 0.128,
0.231)

− 0.028
(− 0.211,
0.155)

0.027
(− 0.168,
0.222)

− 0.086
(− 0.288,
0.115)

− 0.095
(− 0.291,
0.101)

− 0.075
(− 0.274,
0.125)

Note: B = unstandardised regression coefficient; CI = confidence interval; * p <
0.05, ** p < 0.01, *** p < 0.01.

reported access to a private garden were independently associated with
better subjective wellbeing and self-rated health in both periods. In line
with the health compensation hypothesis for green space, the study
found that, during the height of the first COVID-19 outbreak, a private
garden had a greater health protective effect where the nearest green
space was perceived to be more than a 10-minute walk away. These
results show that a private garden can partly compensate for a lack of
access to public green space, but also that in times of crisis nearby public
green spaces are particularly important for households without private
garden. The study found no support that specific groups benefit more
than others from public green space and private garden access. The lack
of significant interactions suggests that both types of green space are an
important resource for health and wellbeing irrespective of people’s
socio-demographic background.
The results contribute to the literature showing that public green
spaces and private gardens are beneficial for people’s health and well
being (Maas et al., 2006; White et al., 2017; Houlden et al., 2018; De Bell
et al., 2020). As far as we are aware, this is the first analysis focusing on
the role on green space in subjective health and wellbeing during the
greatest public health crisis in recent history: the COVID-19 pandemic.
The results are in line with other studies showing that green space can
act as a buffer between negative life circumstances and experiences and
health (Van den Berg et al., 2010; Roe et al., 2017; Mitchell and Popham,
2008); and suggest that the natural environment may be just as impor
tant as the social environment for community resilience and health
(Poortinga, 2012; Ward-Thompson et al., 2016). The COVID-19
pandemic, which at the time of writing was still ongoing, was a stress
ful and traumatic period for many (e.g. Shevlin et al., 2020). It also
limited social interactions and travel as a result of severe restrictions.
For example, in Wales gatherings of more than two people were banned
and residents had to stay within five miles of their home during lock
down. This highlights the importance of having sufficient good quality
green spaces and nature nearby to maintain physical and mental health
(Gray & Kellas, 2020), with urban parks and woodlands at the time
being one of the few spaces that allowed for socially distanced recreation
and physical activity (Venter et al., 2020; Ugolini et al., 2020).
The current study is one of the few that considered the health
7
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benefits of (perceived) access to public and private green space in
conjunction. While several studies have reported the independent con
tributions of the two types of green space to population health (Nielsen
& Hansen, 2007; Dennis & James, 2017; De Bell et al., 2020), there is no
known research that has explored potential interaction effects in terms
of health and wellbeing. Research on possible substitution or compen
sation effects has hitherto mainly focused on how public and private
green spaces are used (e.g. Maat & De Vries, 2006). The combined
benefits of perceived access to and/or the use of public green spaces and
gardens in terms of human health and wellbeing have however been
relatively unexplored. Here we show that the two types of green space
counterbalance each other in terms of their effects for health and
wellbeing.
The results regarding the health/wellbeing benefits of public and
private green space for different socio-demographic groups were char
acterised by an absence of major effects. While a private garden was
found to be relatively more beneficial for men than for women during
the first COVID-19 peak, no other significant interactions were found.
This may show that both types of green spaces provide health benefits
across society. Previous research has suggested that good access to green
space is relatively more important for lower income or deprived groups
(e.g. Flouri et al., 2014; Mitchell et al., 2015; Xu et al., 2017), as well as
for younger and older age group (Maas et al., 2006). That could however
not be confirmed in the current research. The associations between
urban green space and health outcomes are complex and may be
confounded by socio-economic and demographic factors (Kabisch,
2019). Our study however confirmed independent associations between
perceived public green space and private garden access on the one hand
and subjective health and wellbeing on the other, even after controlling
for the socio-demographic covariates.

results relating to this subjective measure of green space need to be
confirmed with other conceptualisations and measures of green space
accessibility. That does however not mean that the current one is less
valid or meaningful than more objective measures of green space access.
Previous research has shown that perceived access is as important for
health and wellbeing as more objective measures of green space avail
ability within the neighbourhood. For example, Cleary et al. (2019)
found that changes in perceived access to green space are associated
with changes in psychological well-being over time. Furthermore,
‘nearby’ is typically interpreted as ‘within walking distance’, which is
captured by our measure. The categories correspond loosely to the
objective distance that is considered walkable (Ekkel & De Vries, 2017).
In terms of reported garden access, the current analysis only looked only
at the effects of having a private garden, not other types of outdoor
spaces such as private balconies, patios or communal gardens. However,
the focus on private gardens is appropriate, given that previous research
has shown that private garden provide the largest contributions to
health and wellbeing.
A related limitation of the research is that we do not know whether
and in what way the two types of green space were used in the two
studied periods and thus how the health benefits were established.
Hartig et al. (2014) suggest that there are four interrelated pathways
through which public green space can promote health and wellbeing, i.
e., through improved air quality, enhanced physical activity, social
contacts and cohesion, and stress reduction. The lockdown saw un
precedented drops in air pollution (Higham et al., 2020) and there is
evidence that people made more use of green spaces during the period
(Venter et al., 2020). It is however not clear whether this can explain the
observed effects in subjective health and wellbeing. Similarly, the cur
rent study has no information on time spent in the private garden. De
Bell et al. (2020) suggest that people who use the garden for relaxation
and physical activities such as gardening report better health and higher
levels of wellbeing. It is likely that these activities played a role in our
reported results, but this remains speculation with no data available to
confirm this. A more in-depth exploration of the way people used private
outdoor spaces when the most severe restrictions were in place would be
a welcome addition to the literature.
Access to private or public green space often varies across different
types of environments in which people live, and there may have been
residential self-selection into these different types of environments.
Cross-sectional research on the built environment is particularly
vulnerable to such residential selection (Boone-Heinonen et al., 2010).
For example, it is possible that people with a greater need and/or
preference for spending time in nature decide to live in an environment
that makes that possible. Findings of previous research that people who
use public parks also spend more time in their own private garden
suggest that such an orientation on nature may exist. While the current
study was able to control for a number socio-demographic variables,
including working status, the study did not have measured or latent
attributes of neighbourhood preference that would allow adjustments
for residential selection. In a similar way, it was not possible to control
for neighbourhood deprivation. Green space provision may be linked to
neighbourhood deprivation and thus could introduce bias. It may be that
those who are at greatest risk of poor mental health may have the least
opportunity to benefit from easily accessible green space (Public Health
England, 2020). Research from the UK suggests that accessibility of
greenspaces is better in more deprived areas as compared to less
deprived areas (Jones et al., 2009; Mitchell & Popham, 2008), but may
be of lower quality (Mears et al., 2019) and not visited as often (Allen &
Balfour, 2014). Limited attention to residential selection as a possible
explanation for environmental effects is a limitation of the wider area of
research on greenspace and health, with the research making very little
use of longitudinal data. This makes it difficult to establish the direc
tionality of such effects. A strength of the current paper is that it
established the links between perceived access to (public and private)
green space and health and wellbeing for the same people at two

5. Strengths and limitations
The study has a number of strengths and limitations. A key strength
of the study is that it relies on a large-scale longitudinal dataset that was
conducted in spring 2020 when the COVID-19 pandemic was emerging
and wide-scale restrictions were being implemented, and in summer
2020 when the most severe restrictions were temporarily lifted. The
sample was however non-representative. The sample was recruited
predominantly through Health Wise Wales (HWW), a nation-wide lon
gitudinal and dynamic cohort study (Hurt et al., 2019), supplemented by
participants recruited via social media. This resulted in a dataset in
which men, younger age groups, and those from deprived areas were
under-represented. The study can therefore not be used to obtain pop
ulation estimates. Furthermore, most respondents in our sample had
access to their own garden. Although the figures were not completely
out of line with national statistics (ONS, 2020), they may limit the
conclusions we can draw from some of the findings, in particular those
relating to the interactions of the socio-demographics with garden ac
cess. Interactions typically need many more observations than main
effects to be detected (Brysbaert, 2019). Issues relating to statistical
power need to be recognised across the research area on green space and
health.
There are different ways in which green space can be conceptualised
and measured (Houlden et al., 2018). Here we measured access to green
space in terms of perceived walking distance to the nearest public green
space (cf., Völker et al., 2018), using an item derived from the Scottish
Household Survey (Green space Scotland, 2017; Scottish Government,
2018). This is a subjective measure that is likely to be influenced by
personal characteristics. It is not clear from this measure how it relates
to objectively measured distance to green space, the amount and type of
green space, and the number and type of visits to these green spaces (cf.,
Giles-Corti et al., 2005). It is possible that respondents may have misinterpreted what is meant by a green space as the items did not
include the ‘public’ adjective. However, a list of examples was included
to indicate that the question is about public spaces such as a park. The
8
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different time points during the pandemic.
The study used two standard measures of subjective wellbeing and
self-rated health. The two measures showed different, sometimes con
trasting results. For example, older age groups reported higher levels of
subjective wellbeing, but poorer health as compared to younger age
groups; and subjective wellbeing increased in the post-peak period,
while general self-rated health decreased. However, results for
(perceived) public green space and private garden access converged:
both were associated with better subjective health and wellbeing, and
health compensation effects were found for both measures in the peak
but not post-peak period. This suggests that the benefits of green space in
terms of health and wellbeing are robust. Mental wellbeing is however a
multi-dimensional construct and effects may differ according to the
measures used and/or aspects they are aimed to assess (Cleary et al.,
2019). It could therefore be useful to consider hedonic and eudaimonic
aspects of wellbeing, in addition to the evaluative health and wellbeing
measures used in the current research. A recent meta-analysis (Houlden
et al., 2018) concluded that there is sufficient evidence for green space
providing benefits in terms of happiness and life satisfaction, but not in
terms for meaning or self-realisation. The effects for the different aspects
of wellbeing may also differ according to personal circumstances, life
stage, and individual differences. For example, it may be that people
with a greater need and/or preference for spending time in nature may
experience greater benefits in terms of eudaimonic wellbeing (Cleary
et al., 2017).
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