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ARTICLE INFO ABSTRACT

Handling Editor: W. Schultz Lockdown policies aimed at decreasing the transmission of COVID-19 showed unintended mental health con-

sequences; however, natural settings may offer a respite for individuals suffering from depression or anxiety

Keywords: symptoms. Previous cross-sectional literature reports protective effects of outdoor exposure on mental health
Gree‘{ exercise during the COVID-19 pandemic. We longitudinally assess whether green exercise corresponded with a decline in
Exercise adverse mental health symptoms, controlling for state lockdown policies. We also examine whether the relation
Greenspace . . P T .

Outdoor exposure dlffe.red by state lock.down status. As our exposure varl.able, we spe‘c1ﬁc1zed‘part1c1patlon in a‘n outéoor walk, jog,
Lockdown or hike (green exercise). We used, as the outcome variable, the 4-item Patient Health Questionnaire (PHQ-4) to
Policies measure anxiety and depression symptoms. We utilized the Understanding America Study (UAS), a nationally
COVID-19 representative sample of 8253 adults across 50 states in the US, surveyed biweekly between March 10, 2020-May
Pandemic 26, 2021. Linear fixed effect analyses controlled for time-invariant individual factors, as well as employment
Mental health status, and household income. Regression results indicate a modest decline in PHQ-4 scores of approximately
EePfESSiOH 0.10 (less mental health symptoms) as a function of green exercise, controlling for state lockdown status. We also

nxiety

find a slightly greater protective effect of green exercise on mental health symptoms during state lockdown
policies. Additionally, we find that green exercise, as opposed to indoor exercise, corresponds with a decrease in
PHQ-4 scores during lockdown. Contact with nature may improve mood and decrease mental health symptoms,
especially during stress-inducing periods such as the COVID-19 pandemic. Green exercise as a recommended
behavioral intervention may hold relevance for greater public health.

1. Introduction

In 2020, state lockdown policies and stay-at-home orders in the US
significantly limited population mobility and restricted community ac-
tivities (Mervosh, Lu, & Swales, 2020). Substantial changes to daily life
coupled with economic strain, social isolation, and possible virus
contraction created greater uncertainty and fear (Vigo et al., 2020).
Lockdown policies aimed at decreasing the transmission of COVID-19
showed unintended mental health consequences (Das et al., 2022).
Populations experienced greater depressive and anxiety symptoms, with
some scholars speculating the potential for a ‘parallel pandemic’ (Das
et al., 2022; Vigo et al., 2020). Greater psychological needs have
prompted public health experts to investigate potential protective fac-
tors associated with mental health (Riehm, 2021; Vos et al., 2021).

As the COVID-19 pandemic persists, scholars and journalists have
pointed to urban parks, particularly those serving high density areas, as
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a key component of public health infrastructure (Frumkin, 2021; Kar-
lamangla, 2021; Razani et al., 2020; Slater et al., 2020). Natural settings
offer a respite for individuals suffering from increased loneliness, anxi-
ety, and depression under stay-at-home orders (Brooks et al., 2020;
Frumkin, 2021). Analyses of spatiotemporal changes in activity patterns
show that, while shopping and other non-essential trips diminished
during lockdowns, engagement in outdoor recreational activities
including visits to urban parks, green roofs, and other natural land-
scapes, increased (Hamidi & Zandiatashbar, 2021; Tsang, 2020; Venter
et al., 2020).

The biophilia hypothesis posits that humans have an innate instinct
to affiliate with, and respond positively to, natural landscapes (Wilson,
1984). Prominent restorative environments theories, including Atten-
tion Restoration Theory (ART) and Stress Reduction Theory (SRT),
suggest that contact with nature can restore an individual’s “adaptive
resources” (Hartig et al., 2014; Kaplan & Kaplan, 1989; Ulrich Simons,
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Losito, Fiorito, Miles, & Zelson, 1991). Under antecedent conditions of
stress, SRT holds that nature exposure elicits a positive emotional
response that mitigates the physiological sequelae of stress (Ulrich Si-
mons et al., 1991). ART posits that contact with nature replenishes
cognitive resources, resulting in reduced mental fatigue (Kaplan &
Kaplan, 1989). Time spent outdoors, therefore, may buffer against the
deleterious psychological effects of lockdown policies.

Natural settings may also provide a venue for physical activity while
allowing individuals to comply with social distancing measures. Parks,
trails, and other outdoor areas offered an alternative to gyms as re-
strictions limited access to indoor facilities. Physical activity in the
presence of nature, or “green exercise,” may have additive positive ef-
fects on mental health, owing to the concurrent restorative influence of
nature and well-documented benefits of physical activity. Supporting
this hypothesis, a meta-analysis of 10 green exercise interventions shows
that short bouts of outdoor physical activity correspond with improved
mood and self-esteem (Barton & Pretty, 2010). However, this
meta-analysis did not examine changes in mental health outcomes as a
function of outdoor exercise when compared to indoor exercise. The
benefits of physical exercise, more generally, may confound these re-
sults. A more recent review of this literature finds weak evidence that
green exercise provides health benefits beyond those conferred by in-
door exercise (Lahart et al., 2019).

Several cross-sectional studies outside of the US have examined re-
lations between greenspace and mental health during the COVID-19
pandemic, adjusting for individual demographic and socioeconomic
characteristics that may influence access and availability of green areas.
Robinson et al. (2021) find that residential greenspace (i.e., greenness
within a 250m buffer surrounding the home) corresponded with greater
mental wellbeing in the UK. Research in Japan shows inverse relations
of greenspace use and residential views of nature through windows with
anxiety and depression during periods of lockdown (Soga et al., 2020).
Studies in Germany, Austria, Italy, and Ireland report that exposure to
the outdoors varied inversely with negative emotions during
stay-at-home mandates (Lades et al., 2020; Lehberger et al., 2021; Spano
etal., 2021; Stieger et al., 2021). A large multi-national study with data
on 77 countries indicates that, in areas with restricted access to public
outdoor spaces, private outdoor spaces or blue-green nature views cor-
responded with fewer symptoms of depression and anxiety (Pouso et al.,
2020). Scholars also find evidence of stronger protective associations
between greenspace and mental health in areas with stricter lockdown
policies (Pouso et al., 2020).

Although suggestive, the current literature appears limited in several
ways. First, scholars note that cross-sectional designs remain vulnerable
to confounding by unmeasured (or poorly measured) factors (Hartig
et al., 2014; James et al., 2015). For example, low socioeconomic status
(SES) individuals may live in neighborhoods with limited access to
high-quality greenspace, which contribute to poor mental health
through other stress pathways. Neighborhood greenspace may also
correlate with additional area-level factors (e.g., social cohesion, urban
sprawl, access to healthcare) that confound associations with mental
health (Richardson et al., 2012). Cross-sectional studies attempt to
address this issue by adjusting for SES; however, multidimensional
characteristics such as SES remain difficult to measure (van den Berg
et al., 2015). Scholars suggest that one way to minimize unmeasured
confounding involves using longitudinal data with repeat measures. This
approach, combined with the use of individual-level “fixed effects”,
adjusts for unobserved social and health-related factors that may
confound the relation between the exposure and the outcome.

In addition, although several studies have examined exposure to
greenspace during the COVID-19 pandemic, prior work has not tested
the hypothesis that green exercise varied with better mental health
symptoms during this period. Given that the proposed additive effects of
green exercise remain unclear, we view an examination of the mental
health benefits of green exercise, as opposed to indoor exercise, as an
important contribution (Barton & Pretty, 2010; Lahart et al., 2019).
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Finally, scholars have not examined the relation between outdoor
activity and mental health during stay-at-home orders in the US. State
lockdown policies varied substantially across place and time in the US
(Status of lockdown and stay-at-home orders, 2020). The US may also
differ from European and Asian countries in terms of lockdown severity
(Kupferschmidt, 2021; The Washington Post, 2020). Certain European
countries, for example, limited outdoor exercise to once per day,
whereas the US did not restrict outdoor activity (Ledsom, 2020).

We address these limitations and examine novel research questions
in an understudied national context. We use the Understanding America
Study (UAS), a nationally representative sample of adults across 50
states in the US, to longitudinally assess whether: 1) green exercise
corresponded with a decline in adverse mental health symptoms, con-
trolling for lockdown policies; and 2) the relation between green exer-
cise and mental health symptoms differed in lockdown vs non-lockdown
periods. Importantly, our identification strategy allowed us to examine
associations between green exercise and mental health symptoms while
accounting for the rival hypothesis that indoor exercise would deliver
similar benefits. The UAS surveyed the same participants between
March 10, 2020-May 26, 2021, enabling rigorous longitudinal analysis
and fixed effects methods to control for social and health confounders
that may bias past cross-sectional work on greenspace and mental
health. Results from our study hold relevance to understanding how
outdoor physical activity may have protective effects on population
mental health.

2. Materials and methods
2.1. Study population

The study population comprised participants from the UAS. As a
probability-based Internet panel of adults in the US, the study drew
respondents from the universe of US postal addresses. (Understanding
America Study, 2021) The UAS also provided participants with
internet-connected tablets if their household did not already have
internet. The study paid participants $20 for each completed survey. The
UAS issued its first longitudinal survey on COVID-19 on March 10, 2020
and issued subsequent rounds beginning April 1, 2020 and every two
weeks thereafter. Further details regarding methodology appear on the
UAS website. We used data from 27 waves of the study, between March
10, 2020 and May 26, 2021, from respondents across all 50 states in the
US. Of the 8544 panel members eligible for the survey, our analytic
sample comprised 8253 who provided complete data on the variables of
interest (96.6% completeness) (Understanding America Study, 2021).
Table 1 provides information on the diverse sociodemographic charac-
teristics of the study participants by age, gender, and race/ethnicity.

2.2. Study measures

As our mental health outcome, we used the Patient Health
Questionnaire-4 (PHQ-4), which measures depression and anxiety
symptoms. The PHQ-4 asked participants about mental health symp-
toms through a series of four questions, “Over the last two weeks, how
often have you been bothered by the following problems: 1) Feeling
nervous, anxious or on edge; 2) Not being able to stop or control
worrying; 3) Feeling down, depressed, or hopeless; and 4) Little interest
or pleasure in doing things.” Total scores range from O to 12, in which a
higher score indicates greater depression and anxiety. The PHQ-4, which
shows high validity and reliability, enjoys popular use in the mental
health literature (Kroenke et al., 2009). Within the UAS dataset, the
PHQ-4 has high internal consistency and scale reliability (Cronbach’s
alpha = 0.917).

We specified, as our exposure variable, participation in green exer-
cise. We obtained data on green exercise from the following survey
question in UAS: “In the last seven days, have you gone outside to walk,
hike, or exercise?“ (Understanding America Study, 2021). Responses to
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Table 1

Sociodemographic characteristics and descriptive statistics among 8253
respondents in the Understanding America Study, March 10, 2020-May 26,
2021.

Variable

Sociodemographic characteristics (%)

Age (years)

<35 16.2
35-44 18.7
45-54 17.9
55-65 20.7
65+ 26.5
Gender (%)
Male 41.0
Female 59.0
Race/Ethnicity (%)
White® 66.6
Black” 7.4
Hispanic 15.2
Other™” 10.8
Highest Education (%)
Below 12th grade 4.3
High school diploma 15.6
Associate’s degree and some college 36.1
Bachelor’s degree 25.3
Graduate degree 18.7
Study measures Mean (SD)
PHQ-4 Score 1.87 (2.83)

@ Non-Hispanic.
b Other includes American Indian/Alaska Native, Asian, Hawaiian/Pa-
cific Islander, and Mixed race.

the question included “yes,” “no,” or “unsure” (Understanding America
Study, 2021). We categorized “unsure” as “no” and created a binary
indicator for green exercise (0 = no; 1 = yes) (Understanding America
Study, 2021). Additionally, we utilized a question on participation in any
exercise to isolate the influence of outdoor exercise as opposed to indoor
exercise: “Out of the past 7 days, what is your best estimate of the
number of days that you got extra exercise?” Further details on the
identification of outdoor versus indoor exercise appear below. We also
retrieved, from the UAS survey, characteristics of individuals and
households that may change over time and affect frequency of green
exercise and/or mental health symptoms. These measures include
household income and employment status.

We obtained data on the timing and duration of state lockdown and
stay-at-home orders from Ballotopedia. Ballotopedia, a non-profit or-
ganization, provides information on American politics and elections as a
digital encyclopedia. Ballotopedia collected official state lockdown
mandates and closures, issued by state governors, in 43 of the 50 states
that enacted policies. State mandates included information on closure of
non-essential businesses, travel restrictions, and public health practices.
Previous work has also utilized these data as they provide aggregated
information on dates for all state lockdown orders, as well as access to
each state’s executive order for validation. (Status of lockdown and
stay-at-home orders, 2020). (Kettl, 2020; McCannon, 2020). We linked
these data to UAS based on participants’ state of residence and date of
survey. We created a binary indicator for whether participants
completed their survey during their state lockdown policy or not (0 = no
lockdown; 1 = lockdown). We categorized respondents in the seven
states that did not implement lockdown policies (Arkansas, Iowa,
Nebraska, North Dakota, South Dakota, Utah, and Wyoming) as ‘0’ for
the entire study period.

2.3. Statistical analysis
We first tested whether mental health symptoms decline during

survey waves in which participants reported engaging in green exercise.
We used Ordinary Least Squares (OLS) regression with individual-level
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fixed effects specification. Our individual-level fixed effects analysis
exploits the longitudinal nature of the survey and measures within-
individual changes in mental health as a function of changes in green
exercise. Fixed effects control for time-invariant characteristics that may
correspond with the exposure and/or outcome. These characteristics
may include genetic predisposition to mental disorder, propensity to
participate in exercise or outdoor activities, help-seeking, and consistent
sociodemographic characteristics (e.g., race/ethnicity, educational
attainment). The panel structure of our data (same individuals surveyed
biweekly) leads to more strongly correlated responses within an indi-
vidual than observations across individuals. As such, the fixed effects
specification forces “within individual” identification, addressing po-
tential autocorrelation from repeat measurements, by individual (Bell
et al., 2019). Examination of mental health following ecological shocks,
such as the COVID-19 pandemic, may suffer from confounding from
inherent individual-level attributes. This strategy limits confounding
from unobserved, individual-level characteristics that may also influ-
ence participation in green exercise and mental health (Wooldridge,
2012 © 2012).

Unemployment and economic strain may also worsen mental health
symptoms during the COVID-19 pandemic, confounding our analysis
(Goldman-Mellor et al., 2010). As such, we used questions from the UAS
regarding employment status and household income as control variables
in our analysis. In order to control for changes over time, we included
responses to these questions for each study wave.

Next, we examined whether the relation between green exercise and
mental health symptoms differed by state lockdown status. We used the
same individual-level fixed effects specification as described above but
stratified by lockdown status (0 = no lockdown; 1 = lockdown). We also
estimated whether the relation between green exercise and mental
health symptoms varied by lockdown status by adding an interaction
term (green exercise*lockdown).

Participation in any form of physical activity serves as a rival hy-
pothesis in that it may explain observed associations between green
exercise and mental health. Accordingly, we examined whether outdoor
exercise, over and above indoor exercise, corresponded with a reduction
in mental health symptoms. “We used two questions to create a binary
indicator for outdoor as opposed to indoor exercise: 1) “In the last seven
days, have you gone outside to walk, hike, or exercise?*; and 2) “Out of
the past 7 days, what is your best estimate of the number of days that you
get extra exercise?“. For each study wave, we assigned a ‘1’ to in-
dividuals who participated in green exercise and a ‘0’ to individuals who
did not participate in green exercise but did participate in extra exercise
(implying indoor exercise). This restricted our study sample to only
those who had exercised.

We adjusted for heteroscedasticity in residuals by using robust
standard errors and performed all analyses using Stata SE version 16.0.
The University of California, Irvine, Institutional Review Board deemed
this study exempt owing to the use of publicly available, de-identified
data.

3. Results

Over the 27 survey waves, 8253 respondents provided complete data
for the variables of interest. Table 1 provides information on the diverse
sociodemographic characteristics of the study participants by age,
gender, and race/ethnicity. Participants average a PHQ-4 score of 1.87
across 27 waves of the survey. Fig. 1 shows that PHQ-4 scores initially
increase (indicating worse depressive and anxiety symptoms) after
Wave 1 in March 2020. PHQ-4 scores then drop to initial levels and
remain stable through the remainder of the study waves.

Fig. 2 shows the proportion of individuals who participated in green
exercise from Waves 2-27 (question not asked at Wave 1). Approxi-
mately 65-80% of survey respondents participated in green exercise
over the study period. The proportion of green exercisers increase during
the first few survey waves; however, the proportion decreases modestly
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Fig. 1. Patient Health Questionnaire-4 (PHQ—4)€"b scores among 8253 respondents, over 27 survey waves, March 10, 2020-May 26, 2021.

4PHQ-4 scale range from 0 to 12
5% error bars shown

85%

80%

75%

70%

65%

Percentage of green exercise participation

60%

2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
April October May

2020 2020
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Fig. 2. Percentage of individuals participating in green exercise® among 8253 respondents, survey waves 2-27, March 10, 2020-May 26, 2021.

5% error bars shown.

during waves 17-24, which correspond with the winter season.

Fig. 3 shows the spatial-temporal variation in state lockdown policies
across the US. Alabama and Missouri enacted policies for less than 30
days whereas California and New Mexico implemented mandates for
more than five months (Fig. 3). Lockdown enactment dates also differed
in that California implemented its policy mid-March, whereas other
policies (i.e., South Carolina, Missouri, Alabama) began lockdown
mandates in early April (Fig. 3).

Fig. 4 shows the average PHQ-4 scores among individuals who did
and did not participate in green exercise by lockdown status. During
lockdown, participants show higher PHQ-4 scores when compared to
non-lockdown in both exercise groups. Across both lockdown and non-
lockdown periods, respondents participating in green exercise show
lower PHQ-4 scores (less severe mental health symptoms) (Fig. 4). For

example, during lockdown, participants who reported engaging in green
exercise show PHQ-4 scores of 1.99, on average, compared to 2.61
among those who did not report green exercise (Fig. 4).

Table 2 shows linear regression results predicting PHQ-4 scores as a
function of green exercise controlling for lockdown policies. We find
that green exercise corresponds with a modest reduction in mental
health symptoms (Coeff = —0.10, 95% CI = —0.13, —0.06, p < 0.001)
(Table 2).

Table 3 provides stratified results for the relation between green
exercise and mental health symptoms by lockdown status. Our findings
indicate a slightly greater decline in mental health symptoms following
green exercise during lockdown when compared to no lockdown (Coeff
for During Lockdown = —0.10, 95% CI = —0.16, —0.05, p < 0.001; No
lockdown = —0.09, 95% CI = —0.13,-0.05, p < 0.001) (Table 3).
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Before
m During Lockdown

After

17-Oct 30-Nov 13-Jan 26-Feb 11-Apr 26-May

Fig. 3. Timeline of lockdown policy enactment in 43* of the 50 US states during the study period, March 10, 2020-May 26, 2021
4Seven states that did not enact lockdown policies (AR, IA, ND, NE, SD, UT, WY) not included in figure.

Using an interaction term (lockdown* green exercise), we also find
that the relation between green exercise and mental health differs by
lockdown status. We report a greater decline in PHQ-4 scores when
participating in green exercise during lockdown, as opposed to no
lockdown; however, our findings do not reach conventional levels of
statistical detection (p < 0.1) (Table 3).

Lastly, our results remain robust to analysis in a restricted sample of
individuals who reported engaging in any form of physical activity. We
find that green exercise, as opposed to indoor exercise, corresponds with
a decrease in PHQ-4 scores during lockdown (Coeff for green exercise =
—0.09, 95% CI = —0.15, —0.03, p < 0.05) (Table 4). This result suggests
that physical activity in general cannot explain observed inverse asso-
ciations between green exercise and mental health symptoms (Table 4).

4. Discussion

Lockdown policies significantly restricted population movement to
prevent the transmission of COVID-19. The psychological fallout from
the pandemic prompted a greater need for protective factors associated
with mental health. Exposure to the outdoors in the form of green ex-
ercise may alleviate depression and anxiety symptoms. We find that
green exercise corresponded with a modest decrease in mental health
symptoms during the COVID-19 pandemic. Moreover, results show a
modestly greater protective association between green exercise and
mental health during lockdown as opposed to non-lockdown periods;
however, results of the interaction model, testing effect modification, do
not reach conventional levels of statistical significance.

Theories of Stress Reduction and Attention Restoration offer plau-
sible explanations for these results. The COVID-19 pandemic led to
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Fig. 4. Average PHQ-4 scores® among 8253 respondents who did and did not
participate in green exercise by lockdown status, over 27 waves, March 10,
2020-May 26, 2021.

#5% error bars shown.

Table 2

Linear fixed effects regression results predicting PHQ-4 score as a function of
green exercise among 8253 respondents, over 27 survey waves, March 10,
2020-May 26, 2021.

Covariates” Coefficient 95% CI”
Green exercise
Yes —0.10%*** (-0.13,-0.06)
No (ref) - -
Household Income
<25k 0.07 (-0.12,0.27)
25-50k —0.01 (-0.18,0.16)
50-100k —0.04 (-0.16,0.09)
100k+ (ref) - -
Employment Status
Unemployed —0.06 (-0.16,0.05)
Employed (ref) - -
Lockdown
Yes 0.5] xxxx (0.46,0.56)
No (ref) - -
N 8253

*p < 0.1, **p < 0.05; ***p < 0.01; ****p < 0.001.
2 Time invariant individual fixed effects included but not shown.
b Robust standard errors.

Table 3
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decreased physical activity and elevated levels of stress in the popula-
tion, owing to fear of virus contraction and uncertainty (Amini et al.,
2021; Puccinelli et al., 2021; Zheng et al., 2020). SRT and ART suggest
that, under these conditions, contact with nature can replenish adaptive
psychological resources (Kaplan & Kaplan, 1989; Ulrich Simons et al.,
1991). Lockdown policies may exacerbate mobility constraints and
mental health symptoms, such that population needs for restoration
exceed those of non-lockdown periods. We speculate that contact with
nature, particularly during lockdowns, may result in improved mood
and reduced psychophysiological stress (e.g., blood pressure, heart rate)
(Kondo et al., 2018). Similarly, exposure to nature may restore mental
fatigue by allowing the mind to practice effortless, involuntary attention
on natural features such as clouds, trees, or sunsets (Kaplan & Kaplan,
1989).

Past work finds mixed evidence of the additive or synergistic effects
of green exercise. A 2010 review supports that physical activity in the
presence of nature shows positive associations with mood and self-
esteem (Barton & Pretty, 2010). However, this meta-analysis “[did]
not assess the separate contributions of nature and physical activity on
mental health” (p. 3948). As such, the benefits of physical exercise in
general may have explained findings. Our results — particularly
comparing outdoor exercise to indoor exercise — add to the evidence
base that green exercise contributes independently to mental health,

Table 4

Linear fixed effects regression results predicting PHQ-4 score as a function of the
green exercise (as opposed to indoor exercise) during lockdown, among UAS
respondents, over 27 survey waves, March 10, 2020-May 26, 2021.

Covariates” Coefficient 95% CI”
Green exercise
Green exercise —0.09** (-0.15,-0.03)
Indoor exercise (ref) - -
Household Income
<25k —0.02 (-0.30,0.26)
25-50k —0.06 (-0.31,0.18)
50-100k —0.01 (-0.18,0.17)
100k+ (ref)
Employment Status
Unemployed —0.04 (-0.20,0.13)
Employed (ref) - -
N 6635

*p < 0.1, **p < 0.05; ***p < 0.01; ****p < 0.001.
# Time invariant individual fixed effects included but not shown.
b Robust standard errors.

Linear fixed effects regression results predicting PHQ-4 score as a function of green exercise stratified by lockdown status and the interaction of green exercise and state
lockdown policies among UAS respondents, over 27 survey waves, March 10, 2020-May 26, 2021.

Covariates” Lockdown Non-Lockdown Lockdown Compared to Non-Lockdown
Coefficient 95% CI” Coefficient 95% CI Coefficient 95% CI”
Green exercise
Yes —0.10%*** (-0.16, —0.05) —0.09%*** (-0.13,-0.05) - -
No (ref) - - - - - -
Lockdown*Green exercise
During lockdown - - - - -0.07* (-0.13,1.00E-3)
No lockdown (ref) - - - - - -
Household Income
<25k —0.06 (-0.35,0.22) 0.20 (-0.10,0.50) 0.08 (-0.12,0.27)
25-50k -0.13 (-0.38,0.12) 0.16 (-0.09,0.41) -0.13 (-0.18,0.16)
50-100k 0.01 (-0.16,0.18) —0.02 (-0.21,0.16) —0.04 (-0.16,0.09)
100k+ (ref) - - - - - -
Employment Status
Unemployed —0.01 (-0.18,0.15) —-0.07 (-0.20,0.06) —0.06 (-0.16,0.05)
Employed (ref) - - - - - -
N 6822 5474 8253

*p < 0.1, **p < 0.05; ***p < 0.01; ****p < 0.001.
# Time invariant individual fixed effects included but not shown.
b Robust standard errors.
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strengthening the conclusions of Barton and Pretty (2010).

In contrast to our findings, a recent meta-analysis comparing effects
of outdoor and indoor exercise finds limited support for the proposed
additive effects of green exercise (Lahart et al., 2019). Lahart et al.
(2019) find that exercise in the presence, versus absence, of nature
shows stronger associations with enjoyment, but not with emotions or
biomarkers (e.g., cortisol) associated with mental and physical health.
The authors suggest that findings from their meta-analysis may suffer
from imprecision and bias due to small sample sizes and differences in
outcome measures for mood (Lahart et al., 2019). In addition, only three
of the studies included in this meta-analysis used longitudinal study
designs.

In comparison to past work (e.g., summarized in Barton & Pretty,
2010; Lahart et al., 2019), our study examined mental health symptoms
using a repeat, clinically valid measure, rather than emotional or psy-
chosocial (e.g., self-esteem) correlates. Moreover, we longitudinally
assessed, in a large, nationally representative panel of adults in the US.,
within-individual associations between changes in green exercise and
mental health symptoms over a relatively longer period of time. Our
study also evaluated differences in associations with mental health
during state lockdown policies. This departs from the current literature
in that societal restrictions appear to have played a role in the relation
between green exercise and mental health.

The study’s strengths include use of longitudinal data on a nationally
representative panel of respondents from all 50 states in the US. These
data allow for measuring within-individual changes in green exercise
and mental health over time. Our fixed effects analysis controls for time-
invariant characteristics, such as propensity to exercise or genetic
disposition to mental disorder, that may correspond with the exposure
or outcome. Models further adjusted for time-varying sociodemographic
characteristics, including household income or employment status, as
these factors may influence both frequency of physical activity and
mental health.

Our study has limitations. UAS provides state-level geographic res-
olution for each respondent which does not allow for examination of
proximal greenspace (e.g., distance to nearest park) or the extent of
residential nature exposure. Fine-grained data at the census tract or
smaller levels of analysis may provide greater detail as to whether green
exercise in areas with varied levels of greenspace differentially relates to
mental health outcomes.

The UAS question on green exercise, moreover, does not differentiate
between walking, hiking, or other forms of outdoor exercise. This limits
any interpretation of whether certain types of green exercise exert a
greater salutary benefit on depression and anxiety symptoms. Data
limitations also do not allow us to measure frequency, duration, or in-
tensity of green exercise as these may change mental health sympto-
mology. Further research would benefit from such data granularity, as
these factors may also influence anxiety and depression. We also note
that evaluation of clinic-based data may provide more rigorous mea-
surements for psychiatric diagnoses and mental health symptomology
than currently provided by our data.

In addition, survey questions regarding green exercise and mental
health symptoms have differences in recall periods. The UAS inquiries
about green exercise in the past week, whereas questions on mental
health symptoms have a two week recall period. This may result in
reverse causality as enhanced mental health (two weeks prior) may
precede greater participation in green exercise (one week prior). Access
to data that provides more fine-grained temporal resolution or identical
recall periods for green exercise and mental health symptoms may
provide further evidence for temporal order. Moreover, although the-
ories of restorative environments (ART, SRT) guide our research ques-
tions, data limitations preclude us from conducting tests of restoration
hypotheses (e.g., acute stress reduction following nature exposure).
Experimental studies in laboratory (e.g., Ulrich Simons et al., 1991) and
field (e.g., Hartig et al., 2003) settings provide compelling evidence that
contact with nature promotes psychophysiological stress recovery,
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which may explain our findings. Finally, study designs that randomize
exposure to green exercise may reduce bias resulting from self-selection
processes that reflect reverse causality (i.e., as healthier individuals may
‘select’ into green exercise with greater frequency) (Lahart et al., 2019).

Age-related differences may also exist. Stratification of our results,
through exploratory analyses, indicates that older age groups (55-64
and 65+) show decreases in mental health symptoms as a function of
green exercise during lockdown (Appendix Table Al). Lastly, our study
population does not include youth under the age of 18. Green exercise as
a recommended behavioral intervention may hold particular relevance
for this population as previous literature reports that adolescents expe-
rienced greater adverse mental health during stay-at-home orders
(Rogers et al., 2021). We encourage future research that investigates the
relation between green exercise and mental health symptoms during
lockdown among this population.

State lockdown policies have exacerbated anxiety and depression
symptoms among adults in the US (Das et al., 2022). We find that
physical activity, particularly green exercise, may buffer stress and
tension experienced during lockdown. Media messaging targeting out-
door activities may endorse beneficial coping mechanisms, while also
alleviating mental health symptoms. Additionally, media can serve as a
platform for behavioral interventions directed at increasing green ex-
ercise, at the population-level. Previous mass media campaigns for
physical activity have preceded a reduction in sedentary behavior (Stead
et al., 2019). One systematic review and meta-analysis finds that mass
media campaigns specifically increase (moderate intensity) outdoor
walking (Abioye et al., 2013). Studies also report that media messaging
precedes changes in physical activity throughout the course of cam-
paigns (Stead et al., 2019). Promotion of green exercise, in particular,
may influence population level health during stress-inducing periods.

Author statement

Abhery Das: conceptualization; methodology; formal analysis;
writing — original draft; writing — review and editing. Sam Gailey:
conceptualization; methodology; validation; writing-review and editing;
supervision.
Funding

No funding declared.
Ethics approval

The University of California, Irvine, institutional review board
deemed this study exempt owing to the use of publicly available, dei-
dentified data.

Data availability

The dataset used for the analysis and the statistical code is available
from the corresponding author.

Declaration of competing interest
The authors of this paper do not report any financial disclosures.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jenvp.2022.101848.


https://doi.org/10.1016/j.jenvp.2022.101848
https://doi.org/10.1016/j.jenvp.2022.101848

A. Das and S. Gailey

References

Abioye, A. 1., Hajifathalian, K., & Danaei, G. (2013). Do mass media campaigns improve
physical activity? A systematic review and meta-analysis. Archives of Public Health,
71(1), 20. https://doi.org/10.1186,/0778-7367-71-20

Amini, H., Habibi, S., Islamoglu, A. H., Isanejad, E., Uz, C., & Daniyari, H. (2021).
COVID-19 pandemic-induced physical inactivity: The necessity of updating the
Global Action Plan on Physical Activity 2018-2030. Environmental Health and
Preventive Medicine, 26(1), 32. https://doi.org/10.1186/512199-021-00955-z

Barton, J., & Pretty, J. (2010). What is the best dose of nature and green exercise for
improving mental health? A multi-study analysis. Environmental Science &
Technology, 44(10), 3947-3955. https://doi.org/10.1021/es903183r

Bell, A., Fairbrother, M., & Jones, K. (2019). Fixed and random effects models: Making an
informed choice. Quality and Quantity, 53(2), 1051-1074. https://doi.org/10.1007/
$11135-018-0802-x

van den Berg, M., Wendel-Vos, W., van Poppel, M., Kemper, H., van Mechelen, W., &
Maas, J. (2015). Health benefits of green spaces in the living environment: A
systematic review of epidemiological studies. Urban Forestry and Urban Greening, 14
(4), 806-816. https://doi.org/10.1016/j.ufug.2015.07.008

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S., Greenberg, N., &
Rubin, G. J. (2020). The psychological impact of quarantine and how to reduce it:
Rapid review of the evidence. The Lancet, 395(10227), 912-920. https://doi.org/
10.1016/S0140-6736(20)30460-8

Das, A., Singh, P., & Bruckner, T. A. (2022). State lockdown policies, mental health
symptoms, and using substances. Addictive Behaviors, 124, Article 107084. https://
doi.org/10.1016/j.addbeh.2021.107084

Frumkin, H. (2021). COVID-19, the built environment, and health. Environmental Health
Perspectives, 129(7), Article 075001. https://doi.org/10.1289/EHP8888

Goldman-Mellor, S. J., Saxton, K. B., & Catalano, R. C. (2010). Economic contraction and
mental health: A review of the evidence, 1990-2009. International Journal of Mental
Health, 39(2), 6-31. https://doi.org/10.2753/IMH0020-7411390201

Hamidi, S., & Zandiatashbar, A. (2021). Compact development and adherence to stay-at-
home order during the COVID-19 pandemic: A longitudinal investigation in the
United States. Landscape and Urban Planning, 205, Article 103952. https://doi.org/
10.1016/j.landurbplan.2020.103952

Hartig, T., Evans, G. W., Jamner, L. D., Davis, D. S., & Garling, T. (2003). Tracking
restoration in natural and urban field settings. Journal of Environmental Psychology,
23(2), 109-123.

Hartig, T., Mitchell, R., Vries, S., & Frumkin, H. (2014). Nature and health. Annual Review
of Public Health, 35(1), 207-228. https://doi.org/10.1146/annurev-publhealth-
032013-182443

James, P., Banay, R. F., Hart, J. E., & Laden, F. (2015). A review of the health benefits of
greenness. Current Epidemiology Reports, 2(2), 131-142. https://doi.org/10.1007/
s40471-015-0043-7

Kaplan, R., & Kaplan, S. (1989). The experience of nature: A psychological perspective.
Cambridge University Press. xii, 340.

Karlamangla, S. (2021, August 13). The joys of parks during a pandemic. The New York
Times. https://www.nytimes.com/2021/08/13/us/ca-parks-pandemic.html.

Kettl, D. F. (2020). States divided: The implications of American federalism for COVID-
19. Public Administration Review, 80(4), 595-602. https://doi.org/10.1111/
puar.13243

Kondo, M. C., Jacoby, S. F., & South, E. C. (2018). Does spending time outdoors reduce
stress? A review of real-time stress response to outdoor environments. Health &
Place, 51, 136-150. https://doi.org/10.1016/j.healthplace.2018.03.001

Kroenke, K., Spitzer, R. L., Williams, J. B. W., & Lowe, B. (2009). An ultra-brief screening
scale for anxiety and depression: The PHQ-4. Psychosomatics, 50(6), 613-621.
https://doi.org/10.1016/50033-3182(09)70864-3

Kupferschmidt. (2021). Europe is locking down a second time. But what is its long-term plan?.
https://www.science.org/content/article/europe-locking-down-second-time-what-it
s-long-term-plan.

Lades, L. K., Laffan, K., Daly, M., & Delaney, L. (2020). Daily emotional well-being during
the COVID-19 pandemic. British Journal of Health Psychology, 25(4), 902-911.
https://doi.org/10.1111/bjhp.12450

Lahart, I., Darcy, P., Gidlow, C., & Calogiuri, G. (2019). The effects of green exercise on
physical and mental wellbeing: A systematic review. International Journal of
Environmental Research and Public Health, 16(8), 1352. https://doi.org/10.3390/
ijerph16081352

Ledsom, A. (2020). Paris bans daytime outdoor exercise as French cities consider making face
masks compulsory. Forbes https://www.forbes.com/sites/alexledsom/2020,/04/07 /fr
ance-clamps-downno-outside-sport-before-7pm-in-paris-and-compulsory-face-masks
-in-large-cities/.

Lehberger, M., Kleih, A.-K., & Sparke, K. (2021). Self-reported well-being and the
importance of green spaces — a comparison of garden owners and non-garden owners
in times of COVID-19. Landscape and Urban Planning, 212, Article 104108. https://
doi.org/10.1016/j.landurbplan.2021.104108

McCannon, B. C. (2020). Stay-at-Home orders were issued earlier in economically unfree
states. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3589934

Mervosh, S., Lu, D., & Swales, V. (2020, March 24). See which states and cities have told
residents to stay at home. The New York times. https://www.nytimes.com/intera
ctive/2020/us/coronavirus-stay-at-home-order.html.

Journal of Environmental Psychology 82 (2022) 101848

Pouso, S., Borja, A., Fleming, L. E., Gomez-Baggethun, E., White, M. P., & Uyarra, M. C.
(2020). Maintaining contact with blue-green spaces during the COVID-19 pandemic
associated with positive mental health. SocArXiv https://doi.org/10.31235/0sf.io/
gpt3r.

Puccinelli, P. J., da Costa, T. S., Seffrin, A., de Lira, C. A. B., Vancini, R. L.,

Nikolaidis, P. T., Knechtle, B., Rosemann, T., Hill, L., & Andrade, M. S. (2021).
Reduced level of physical activity during COVID-19 pandemic is associated with
depression and anxiety levels: An internet-based survey. BMC Public Health, 21(1),
425. https://doi.org/10.1186/512889-021-10470-z

Razani, N., Radhakrishna, R., & Chan, C. (2020). Public lands are essential to public
health during a pandemic. Pediatrics, 146(2). https://doi.org/10.1542/peds.2020-
1271

Richardson, E. A., Mitchell, R., Hartig, T., de Vries, S., Astell-Burt, T., & Frumkin, H.
(2012). Green cities and health: A question of scale? Journal of Epidemiology &
Community Health, 66(2), 160-165. https://doi.org/10.1136/jech.2011.137240

Riehm, K. E. (2021). Association between psychological resilience and changes in mental
distress during the COVID-19 pandemic. Journal of Affective Disorders, 5.

Robinson, J. M., Brindley, P., Cameron, R., MacCarthy, D., & Jorgensen, A. (2021).
Nature’s role in supporting health during the COVID-19 pandemic: A geospatial and
socioecological study. International Journal of Environmental Research and Public
Health, 18(5), 2227. https://doi.org/10.3390/ijerph18052227

Rogers, A. A., Ha, T., & Ockey, S. (2021). Adolescents’ perceived socio-emotional impact
of COVID-19 and implications for mental health: Results from a U.S.-Based mixed-
methods study. Journal of Adolescent Health, 68(1), 43-52. https://doi.org/10.1016/
j.jadohealth.2020.09.039

Slater, S. J., Christiana, R. W., & Gustat, J. (2020). Recommendations for keeping parks
and green space accessible for mental and physical health during COVID-19 and
other pandemics. Preventing Chronic Disease, 17, 59. https://doi.org/10.5888/
pcd17.200204

Soga, M., Evans, M. J., Tsuchiya, K., & Fukano, Y. (2020). A room with a green view: The
importance of nearby nature for mental health during the COVID-19 pandemic.
Ecological Applications https://doi.org/10.1002/eap.2248.

Spano, G., D’Este, M., Giannico, V., Elia, M., Cassibba, R., Lafortezza, R., & Sanesi, G.
(2021). Association between indoor-outdoor green features and psychological health
during the COVID-19 lockdown in Italy: A cross-sectional nationwide study. Urban
Forestry and Urban Greening, 62, Article 127156. https://doi.org/10.1016/j.
ufug.2021.127156

Status of lockdown and stay-at-home orders. (2020). Ballotpedia. https://ballotpedia.
org/Status_of_lockdown_and_stay-at-home_orders_in_response_to_the_coronavirus_
(COVID-19)_pandemic, 2020.

Stead, M., Angus, K., Langley, T., Katikireddi, S. V., Hinds, K., Hilton, S., Lewis, S.,
Thomas, J., Campbell, M., Young, B., & Bauld, L. (2019). Mass media to communicate
public health messages in six health topic areas: A systematic review and other reviews of
the evidence. Public Health Research. https://doi.org/10.3310/phr07080

Stieger, S., Lewetz, D., & Swami, V. (2021). Emotional well-being under conditions of
lockdown: An experience sampling study in Austria during the COVID-19 pandemic.
Journal of Happiness Studies, 22(6), 2703-2720. https://doi.org/10.1007/s10902-
020-00337-2

Tsang, D. (2020). Feb 4). Hongkongers flock to barbecue pits to kill time, but how safe is it?
South China morning Post. https://www.scmp.com/news/hong-kong/health-en
vironment/article/3051890/coronavirus-hongkongers-flock-barbecue-pits.

Ulrich Simons, R., Losito, B., Fiorito, E., Miles, M., & Zelson, M. (1991). Stress recovery
during exposure to natural and urban environments. Journal of Environmental
Psychology. 11: 201-230. Journal of Environmental Psychology, 11, 201-230. https://
doi.org/10.1016/50272-4944(05)80184-7

Understanding America Study. (2021). https://uasdata.usc.edu/index.php.

Venter, Z. S., Barton, D. N., Gundersen, V., Figari, H., & Nowell, M. (2020). Urban nature
in a time of crisis: Recreational use of green space increases during the COVID-19
outbreak in Oslo, Norway. Environmental Research Letters, 15(10), Article 104075.
https://doi.org/10.1088/1748-9326/abb396

Vigo, D., Patten, S., Pajer, K., Krausz, M., Taylor, S., Rush, B., Raviola, G., Saxena, S.,
Thornicroft, G., & Yatham, L. N. (2020). Mental health of communities during the
COVID-19 pandemic. Canadian Journal of Psychiatry. , Article 070674372092667.
https://doi.org/10.1177/0706743720926676

Vos, L. M. W., Habibovi¢, M., NyKklicek, 1., Smeets, T., & Mertens, G. (2021). Optimism,
mindfulness, and resilience as potential protective factors for the mental health
consequences of fear of the coronavirus. Psychiatry Research, 300, Article 113927.
https://doi.org/10.1016/j.psychres.2021.113927

Washington Post, T. (2020). As U.S. reopens, Europe ramps up its lockdowns. Arkansas
Online https://www.arkansasonline.com/news/2021/mar/24/as-us-reopens-europe
-ramps-up-its-lockdowns/.

Wilson, E. O. (1984). Biophilia. Harvard University Press.

1960-. (2012 Wooldridge, J. M. (2012). Introductory econometrics: A modern approach (5th
ed.). Mason, Ohio: South-Western Cengage Learning https://search.library.wisc.
edu/catalog/9910154038602121. ©2012.

Zheng, C., Huang, W. Y., Sheridan, S., Sit, C. H.-P., Chen, X.-K., & Wong, S. H.-S. (2020).
COVID-19 pandemic brings a sedentary lifestyle in young adults: A cross-sectional
and longitudinal study. International Journal of Environmental Research and Public
Health, 17(17), 6035. https://doi.org/10.3390/ijerph17176035


https://doi.org/10.1186/0778-7367-71-20
https://doi.org/10.1186/s12199-021-00955-z
https://doi.org/10.1021/es903183r
https://doi.org/10.1007/s11135-018-0802-x
https://doi.org/10.1007/s11135-018-0802-x
https://doi.org/10.1016/j.ufug.2015.07.008
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/j.addbeh.2021.107084
https://doi.org/10.1016/j.addbeh.2021.107084
https://doi.org/10.1289/EHP8888
https://doi.org/10.2753/IMH0020-7411390201
https://doi.org/10.1016/j.landurbplan.2020.103952
https://doi.org/10.1016/j.landurbplan.2020.103952
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref11
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref11
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref11
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1007/s40471-015-0043-7
https://doi.org/10.1007/s40471-015-0043-7
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref14
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref14
https://www.nytimes.com/2021/08/13/us/ca-parks-pandemic.html
https://doi.org/10.1111/puar.13243
https://doi.org/10.1111/puar.13243
https://doi.org/10.1016/j.healthplace.2018.03.001
https://doi.org/10.1016/S0033-3182(09)70864-3
https://www.science.org/content/article/europe-locking-down-second-time-what-its-long-term-plan
https://www.science.org/content/article/europe-locking-down-second-time-what-its-long-term-plan
https://doi.org/10.1111/bjhp.12450
https://doi.org/10.3390/ijerph16081352
https://doi.org/10.3390/ijerph16081352
https://www.forbes.com/sites/alexledsom/2020/04/07/france-clamps-downno-outside-sport-before-7pm-in-paris-and-compulsory-face-masks-in-large-cities/
https://www.forbes.com/sites/alexledsom/2020/04/07/france-clamps-downno-outside-sport-before-7pm-in-paris-and-compulsory-face-masks-in-large-cities/
https://www.forbes.com/sites/alexledsom/2020/04/07/france-clamps-downno-outside-sport-before-7pm-in-paris-and-compulsory-face-masks-in-large-cities/
https://doi.org/10.1016/j.landurbplan.2021.104108
https://doi.org/10.1016/j.landurbplan.2021.104108
https://doi.org/10.2139/ssrn.3589934
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://doi.org/10.31235/osf.io/gpt3r
https://doi.org/10.31235/osf.io/gpt3r
https://doi.org/10.1186/s12889-021-10470-z
https://doi.org/10.1542/peds.2020-1271
https://doi.org/10.1542/peds.2020-1271
https://doi.org/10.1136/jech.2011.137240
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref30
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref30
https://doi.org/10.3390/ijerph18052227
https://doi.org/10.1016/j.jadohealth.2020.09.039
https://doi.org/10.1016/j.jadohealth.2020.09.039
https://doi.org/10.5888/pcd17.200204
https://doi.org/10.5888/pcd17.200204
https://doi.org/10.1002/eap.2248
https://doi.org/10.1016/j.ufug.2021.127156
https://doi.org/10.1016/j.ufug.2021.127156
https://ballotpedia.org/Status_of_lockdown_and_stay-at-home_orders_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020
https://ballotpedia.org/Status_of_lockdown_and_stay-at-home_orders_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020
https://ballotpedia.org/Status_of_lockdown_and_stay-at-home_orders_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020
https://doi.org/10.3310/phr07080
https://doi.org/10.1007/s10902-020-00337-2
https://doi.org/10.1007/s10902-020-00337-2
https://www.scmp.com/news/hong-kong/health-environment/article/3051890/coronavirus-hongkongers-flock-barbecue-pits
https://www.scmp.com/news/hong-kong/health-environment/article/3051890/coronavirus-hongkongers-flock-barbecue-pits
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/S0272-4944(05)80184-7
https://uasdata.usc.edu/index.php
https://doi.org/10.1088/1748-9326/abb396
https://doi.org/10.1177/0706743720926676
https://doi.org/10.1016/j.psychres.2021.113927
https://www.arkansasonline.com/news/2021/mar/24/as-us-reopens-europe-ramps-up-its-lockdowns/
https://www.arkansasonline.com/news/2021/mar/24/as-us-reopens-europe-ramps-up-its-lockdowns/
http://refhub.elsevier.com/S0272-4944(22)00093-7/sref46
https://search.library.wisc.edu/catalog/9910154038602121
https://search.library.wisc.edu/catalog/9910154038602121
https://doi.org/10.3390/ijerph17176035

	Green exercise, mental health symptoms, and state lockdown policies: A longitudinal study
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Study measures
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Author statement
	Funding
	Ethics approval
	Data availability
	Declaration of competing interest
	Appendix A Supplementary data
	References


