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Abstract: Shifts in activity patterns during the COVID-19 pandemic might have impacted the benefits of

outdoor activities for mental health. By leveraging an existing mobile application, we collected self-reported

data on daily outdoor activities, emotional well-being, and the influence of COVID-19 on participant’s out-

door activity levels during April-July 2020. Individuals reporting outdoor activities, in greenspaces or in their

residence, had higher well-being scores and this effect increased with age. Self-reported impacts of COVID-19

on emotional well-being were associated with lower well-being scores. This work suggests that outdoor

activities may have improved mental health during the COVID-19 pandemic.
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SHORT COMMUNICATION

Significant impacts of the COVID-19 pandemic on physical
and mental health necessitate the identification of resilience
strategies (Galea et al. 2020; Xiong et al. 2020; Panchal et al.
2021). Strong evidence supports a relationship between
time spent in natural environments and an improved sense
of well-being, including recovery from stress and mental
fatigue (Park et al. 2010; Pearson and Craig 2014; White
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et al. 2016, 2019; Frumkin et al. 2017). Thus, evaluating the
potential links between outdoor activities and emotional
well-being during the COVID-19 pandemic can shed light
on the role of outdoor recreation on improving well-being
during crises (Jackson et al. 2021; Pouso et al. 2021; Larson
et al. 2022).

In this study, we examine the association between
emotional well-being and outdoor activity levels from April
through July 2020, by leveraging an existing mobile appli-
cation designed to study human outdoor activity patterns
and the association with tick exposure (The Tick App)
(Fernandez et al. 2019). We collected information on self-
reported emotional well-being and the impact of COVID-
19 among users from the Northeast and Midwest USA,
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through daily surveys (Fernandez et al. 2021). Questions
included how participants felt, using a 10-point well-being
score (WBS), how much COVID-19 influenced their re-
sponses (five-point Likert scale “A lot” to “Not at all”),
and if they did any outdoor activities. The WBS was de-
rived from a survey question “how did you feel today?”
with a slider that went from 1 = “not feeling well at all
(depressed or anxious)” to 10 = “I'm feeling great (calm,
happy, and relaxed).” Emotional well-being refers to “the
emotional quality of an individual’s everyday experience—
the frequency and intensity of experiences of joy, fascina-
tion, anxiety, sadness, anger, and affection that make one’s
life pleasant or unpleasant” (Kahneman and Deaton 2010).
Since participants were asked to complete daily surveys for
at least a week during the study period, emotional well-
being was assessed with a single item to avoid participant
fatigue. Single-item measures of psychological health have
been found to be correlated with multi-item measures
(Ahmad et al. 2014).

A binomial regression GLMM model with logit link
function and user identity as a random variable was used to
examine the association between the WBS and outdoor
activities, self-reported COVID-19 impact on their emo-
tional well-being (Fernandez et al. 2021), and demographic
variables. We included Shelter in Place Index as a proxy for
mobility restrictions (SafeGraph 2020), the number of
COVID-19 cases per 100,000 population in the county of
residence and nationwide (Center for Disease Control
2020), and urbanicity levels (National Center for Health
Statistics 2019) as confounders.

The well-being score is a discrete numeric variable
bounded between 0 and 10; thus, the distribution is not
appropriately fitted by a Gaussian distribution (which can
include values beyond both the lower and upper limits) nor
a Poisson distribution (which is bounded at 0 but has no
upper limit). Instead, we used a binomial model to account
for the upper and lower bounds of the WBS (Liang et al.
2014). The response variable is not a binary variable, but
instead consisted of a vector of “successes” and “failures,”
such that each observation was coded as a two-dimensional
vector ([WBS], [upper boundary for WBS]-[WBS]), where
10 is the upper boundary for WBS. This way, we account
for the bounded distribution of the variable between 0 and
1. The estimated coefficients refer to a one-point increase in
WBS. Age was rescaled to estimate the coefficients per
5 years. We compared two models including the number of
COVID-19 cases per 100 k at the national and at the
county level using the Akaike information criterion (AIC).

The adjusted odds ratios were calculated for all indepen-
dent factors. The final model evaluated was:

(1) Y (WBS, 10-WBS) ~ 0 + S1*COVID impact on
emotional well-being + 2*Doing an outdoor activity
on the same day + f3* Shelter in Place Index + f4*
Number of COVID-19 cases per 100k (nationwide OR
local) + 5% Urbanicity + f6*gender + f7*age (5 year
bins) + (1|participant ID) + &.

From April 23 through July 31, 2020, we received 5155
reports of WBS by 1134 participants. The median age of
(IQR = 26, range = 18-86)
(Supp. Figure 1); 58.9% were women, 40.2% were men,

participants was 51 years
and 0.9% identified as other gender identity or chose not to
identify themselves. Participants were equally distributed
along an urbanization gradient: 32.5% lived in rural
counties, 37.2% lived in small and medium metropolitan
areas, and 30.3% lived in large metropolitan areas. The
WBS had a median score of 8 (IQR = 7-9), but the broad
range of responses indicated heterogeneities in the re-
sponses (Fig. 1). Higher well-being scores were reported by
males and increased with age (Table 1). At least one-third
of the responses to the daily surveys indicated that COVID-
19 affected emotional well-being “Somewhat” or “A lot”
which was associated with a lower WBS (Table 1). By
contrast, doing any type of outdoor activity was signifi-
cantly and positively associated with a higher WBS and this
relationship was modified by age (Table 1, Fig. 2). The
magnitude of association between outdoor activities
and well-being was greater in older respondents (OR
interaction[Age*Outdoor CI = 1.01-1.06,
P = 0.03). No other interactions were significant.

activity] = 1.03
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Figure 1. Distribution of the emotional well-being scores and
predicted values for the GLMM binomial model and GLMM Poisson
model.
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Table 1.

GLMM for COVID-19 impact on emotional well-being score. A binomial regression GLMM with logit link function and user

identity as a random variable was used to estimate the odds ratios for all independent variables.

Variables Odds ratio 95% CI P-value
Lower Upper

Intercept 2.03 1.50 2.52 < .001*

COVID-19 impact on emotional well-being

Neutral 1

Not at all 1.45 1.29 1.62 < .001*

A little 0.89 0.80 0.99 0.04*

Somewhat 0.61 0.55 0.67 < .001*

A lot 0.34 0.30 0.38 < .001*

Shelter in place index 0.94 0.86 1.02 12

Number of COVID-19 cases per 100 k nationwide 99.34E-1 98.74E-1 99.95E-2 .03%

Did any outdoor activities that day?

No 1

Yes 1.24 1.15 1.34 < .001*

Urbanicity

Lives in a rural county 1

Lives in a small or medium metro area 0.99 0.84 1.18 .93

Lives in a large metro area 1.10 0.92 1.18 .29

Gender

Female 1

Male 1.39 1.20 1.61 < .001*

Other/prefer not to say 2.64 1.17 5.91 .02%

Age 1.08 1.06 112 < .001*

*P-value < 0.05. R* (marginal) = 0.21 and R? (conditional) = 0.80 were estimated using the r.squaredGLMM function from MuMIn package
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Figure 2. Effect of outdoor activities and age on participant’s daily
emotional well-being. The mean well-being score predicted by the
model is shown by age and stratified by reporting doing an outdoor

activity on the same day for all participants.

The final GLMM model (Table 1) was significantly
different from the null model (log-likelihood ratio test
(12), P < 0.001; AIC,y = 16,755), and model diagnosis
did not detect significant issues with model assumptions
and multicollinearity (Supp. Figure 2). We also evaluated a
Poisson GLMM (right-truncated Conway—Maxwell-Pois-
son for underdispersed data) the Poisson model under-
performed compared with a binomial model because it
failed to limit the results to 10 (Fig. 1). The GLMM,
including the rate of COVID-19 cases nationwide, had a
better fit (AIC = 16,055) than the GLMM model including
the number of cases per county the respondent resided in
(AIC = 16,059). Thus, the
nationwide COVID-19 cases as a confounder.

final model retained the

Our work contributes to a growing body of literature
that supports the benefit of engagement with the outdoors
to cope with stress and anxiety. Herein, we examined re-
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peated measures of emotional well-being and the associa-
tion with outdoor activities during the pandemic in the
general population in the USA, while previous studies have
focused on university students (Jackson et al. 2021; Larson
et al. 2022) or were global (Pouso et al. 2021). We found
that both the self-reported impact of COVID-19 and the
nationwide COVID-19 incidence were negatively associated
with the WBS, confirming that the COVID-19 pandemic
was a major stressor on the emotional well-being of par-
ticipants. The hypothesized role of outdoor activities as a
coping strategy was supported by its positive association
with WBS. The underlying mechanisms linking outdoor
activities to increased well-being can be related to increased
contact with nature but can also have synergistic effects by
reducing sedentary behaviors and increasing physical well-
being (Browning et al. 2021; Larson et al. 2022).

The emotional disproportionate burden of COVID-19
on women compared with men has been widely reported,
and it is also represented here (Guadagni et al. 2020;
Connor et al. 2020; Zamarro and Prados 2021). Although
COVID-19 disproportionately impacts the physical health
of older adults, in our study, the WBS increased with age.
This finding is in agreement with relative low reporting
rates of anxiety and depression among older adults amid
the pandemic (Koma et al. 2020). By contrast, studies
focusing on university students found widespread emo-
tional distress in this population (Huckins et al. 2020;
Browning et al. 2021). Lower emotional well-being in
younger adults and women, in particular, could be asso-
ciated with job and childcare loss, remote learning, and
social isolation, which affected this age group dispropor-
tionally (Koma et al. 2020; Browning et al. 2021). The main
challenges faced by older adults during the pandemic
consisted of mitigating risk by physical distancing while
avoiding social isolation (Koma et al. 2020). In this context,
it is not surprising that while our results indicate the
importance of outdoor activity on the emotional well-being
for all ages and genders, outdoor activities had a higher
impact on the emotional well-being of older individuals.

Finally, since these data were collected opportunisti-
cally in the context of a tick-borne disease study, it is
critical to examine outdoor activity through a multi-hazard
lens. Outdoor activity could lead to increased exposure to
other hazards, including ticks and tick-borne pathogens,
potentially offsetting some of the benefits of accessing parks
and natural areas (Fernandez et al. 2021). However, when
we added the variable “finding a tick” to the final model
(post hoc analysis), we found no association with the WBS.

Lastly, it is important to note that individuals who use The
Tick App are more likely to be “outdoorsy” (Fernandez
et al. 2019); therefore, the impact on their mental well-
being may be higher than other individuals who do not
already have a propensity for outdoor activities. Further
studies that examine a broader cross section of the popu-
lation would better define the potential impact of outdoor
activity as a resilience strategy during events like the
COVID-19 pandemic.
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