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This study investigated the pathways linking daily nature enjoyment to affect by testing whether the
associations would be fully explained by exercise and social interaction. Participants (N=782; 55.6% female;
age 25-74, M, . =47.9) from the Midlife in the United States (MIDUS) refresher study completed surveys
across 8days. Multilevel models indicated that enjoying nature with others tended to predict affect at the
within-person level, while enjoying nature alone did not. However, enjoying nature alone did predict affect
at the between-person level. Lastly, many of these associations remained, even while controlling for exercise

and social interaction.
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Lifestyle behaviors are an important contributor
to physical health, mental health, and well-
being. Important lifestyle behaviors include
diet, exercise, sleep, social interaction, sub-
stance use, and enjoying nature. Along with the
other lifestyle behaviors, enjoying nature, exer-
cise, and social interaction have been linked to
health (Booth et al., 2012; Holt-Lunstad et al.,
2015; Mygind et al, 2019) and well-being
(McMahan and Estes, 2015; Milek et al., 2018;
Zhang and Chen, 2019). Theoretical and empir-
ical research also indicates that these three
behaviors are related to each other (Bratman
etal., 2019; Kuo, 2015), raising some questions
about the degree to which the different behav-
iors are associated with positive physical and
emotional outcomes. Further, the associations
between these lifestyle behaviors and emotional
well-being or distress are often studied with
cross-sectional designs, which limits under-
standing how they are related in daily life. This

study seeks to build on the previous literature
by exploring the associations between enjoying
nature, physical activity, socializing, and posi-
tive and negative affect using a daily diary
design.

Nature and affect

The influence of natural spaces on health and
emotional well-being has received increasing
investigation, due in part to the increasing
urbanization of the world and concerns about
loss of access to and interaction with natural
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environments. Currently, 55% of the global
population live in urban areas and that number
is expected to increase to 68% by 2050 (United
Nations, 2019). As an increasing proportion of
the world’s population resides in urban areas,
they may miss out on the benefits of engage-
ment in natural settings, potentially reducing
well-being, and impairing both physical and
mental health. Research has shown that having
nearby greenspace predicts reduced anxiety and
depression longitudinally (Engemann et al.,
2019). Further, spending time in nature predicts
affect (Bakolis et al., 2018) as does enjoyment
of nature (Anderson et al., 2018). Enjoyment of
nature involves a positive experience with the
natural environment, which may include aspects
such as savoring (Sato et al., 2018) and nature
connectedness (Capaldi et al., 2015), which in
turn have been shown to predict affect. Thus
while simply being in nature may have benefits,
enjoying nature may have a special association
with affect because of the positive engagement
with the natural environment. These observa-
tional associations have led researchers to
develop clinical interventions such as providing
park prescriptions to increase engagement in
natural environments (Miiller-Riemenschneider
et al., 2020).

Exercise and daffect

Exercise has been implicated in various physical
diseases such as diabetes, stroke, obesity, and
heart disease (Booth et al., 2012), as well as men-
tal health disorders (Ashdown-Franks et al.,
2020). Exercise also seems to regularly predict
well-being and affect, including a specific associ-
ation with happiness as demonstrated by a recent
systematic review (Zhang and Chen, 2019). The
benefits of exercise are supported by longitudinal
(Schuch et al., 2018) and intervention research
designs (Goldstein et al., 2020). Scholars claim
that mechanisms by which exercise may have an
influence include reducing oxidative stress and
inflammation, improved brain function through
increased brain plasticity, regulation of the hypo-
thalamic-pituitary-adrenal (HPA) axis, and
increased self-esteem and self-efficacy (Kandola

et al., 2019). Importantly, previous research using
intensive longitudinal designs supported exer-
cise’s association with affect at the within-person
level (Pemberton and Tyszkiewicz, 2016).

Social interaction and affect

As thoroughly social creatures, humans benefit
from close social interaction and a sense of
belonging (Feeney and Collins, 2015), and lan-
guish when lonely or unsupported (Cacioppo
and Cacioppo, 2014). A lack, or perceived lack
of social connection strongly predicts mortality
(Holt-Lunstad et al., 2015) and depression
(Cruwys et al., 2014). Mechanisms by which
social interaction is expected to influence health
and emotional well-being include provision of
support during times of adversity and by
encouraging engagement in positive activities
(Feeney and Collins, 2015). Other research
shows that activities are rated as more fun when
engaged in with others (Reis et al., 2017).

Nature, exercise, and social
interaction

Research has shown that healthy lifestyle behav-
iors and unhealthy lifestyle behaviors tend to
cluster with each other (Anderson and Fowers,
2020; Meader et al., 2016), indicating that
engagement in one healthy/risky lifestyle behav-
ior is often associated with engaging in other
healthy/risky lifestyle behaviors. Some of the
research and theory indicates that the benefits of
nature enjoyment are driven by the increased
likelihood of engaging in physical activity and
social interaction (Bratman et al., 2019; Kuo,
2015). In Bratman et al.’s (2019) review of the
literature, they indicate that being in nature may
have its salutary effects because it is accompa-
nied by social interactions and physical activity
(as well as stress reduction and cognitive resource
replenishment). This aligns with research show-
ing that some of the self-reported motivations to
engage in outdoor leisure activities include a
desire for social interactions and physical fitness
(Manfredo et al., 1996). Kuo (2015) also makes
the argument for exercise and social interaction
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as key factors in nature’s positive impact on
health and well-being, although his model also
makes room for other variables such as the bene-
fits of natural sights and sounds, environmental
biodiversity, and relaxation. Empirically, exercise
and social interaction were not significant media-
tors in a recent four-site, albeit cross-sectional,
study (Triguero-Mas et al., 2017). Overall, it is
not clear whether enjoyment of nature has unique
day-to-day associations with affect when account-
ing for exercise and social interaction, although
the models by Kuo (2015) and Bratman et al.,
(2019) offer additional mechanisms by which
nature could influence affect. If those other fac-
tors are important, then enjoyment of nature
should have associations with affect above and
beyond the effects of exercise and social interac-
tion. As such, to assess whether daily enjoyment
of nature is associated with affect above and
beyond the social interaction and exercise, those
behaviors could be controlled for in statistical
analyses. One previous daily diary study found
that exercise, nature and social interaction all
positively predicted vitality when entered into a
model together, indicating that each was associ-
ated with vitality while controlling for the others
(Ryan et al., 2010). However, that study was lim-
ited by its use of a student population for the daily
diary components and for its focus only on one
narrow aspect of affect, vitality.

Methodological variety can help improve our
understanding of these behaviors and their asso-
ciation with affect. For example, Beute et al.
(2016) recommend experience sampling/daily
diary studies to fill the gap between lab-based,
short-term experimental studies and longitudinal
approaches toward the associations between
nature and health. Some of the arguments that
support the use of daily diary or experience sam-
pling approaches are that recall biases are
reduced (i.e. participants report on exercise that
day rather than average exercise in a given year),
the behavior may more closely align with natural
human functioning, and it allows for the investi-
gation of within and between person associations
with relevant outcomes. This means that one can,
for example, see whether participants’ average
amount of time spent exercising is associated

with affect (between-person association), while
also assessing whether daily fluctuations in exer-
cise around that average are associated with
affect (within-person associations). This is
important because associations in diary studies
can differ by strength and in some cases even
direction across levels of analyses.

The present study

Using a daily diary design, this study sought to
answer a pair of research questions. First was
whether within-person and between-person
enjoyment of nature would be associated with
daily positive and negative affect. Second, was
whether enjoying nature would remain signifi-
cantly positively associated with positive affect
and negatively associated with negative affect
at the within- and between-person levels, con-
trolling for exercise and social interaction while
enjoying nature. In response to those research
questions, hypotheses were established for the
study. Enjoying nature would be positively
associated with positive affect and negatively
with negative affect at the within-person (hl,
h2) and between-person (h3, h4) levels. In a
separate model controlling for social interaction
and exercise during the period of enjoying
nature, the same directions of associations were
expected between enjoying nature and both
positive (h5, h6) and negative affect (h7, h8).

Methods

Participants

Publicly available, de-identified data were from
the Midlife in the United States (MIDUS)
Refresher study and a subsequent daily diary
project (Ryffand Almeida, 2018). The Refresher
study was a nationally representative telephone
and mail study conducted between 2011 and
2014 focused on midlife development related to
physical health, psychological well-being and
social functioning. The purpose was to build off
the original MIDUS study by refreshing the
sample with a new cohort. The main refresher
sample included 3577 participants aged
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23—76years old. Of those, a random sub-sample
were invited to participate in a daily diary sur-
vey with 782 individuals actually participating.
Participants provided informed consent for both
the refresher study and for the daily diary study.
The sample characteristics of the daily diary
sub-sample and the larger sample were similar
(see Surachman et al., 2019). The participants
completed interviews for eight consecutive eve-
nings where they responded to a number of
questions related to their day. Details for the
procedures for the data collection can be found
on the MIDUS website (http://midus.wisc.edu).
The response rate to the survey was generally
high, with a total of 5849 days’ worth of surveys
across the sample out of 6256 total possible
days (93.50% response rate).

Measures

Enjoying nature. Participants responded to the
following question: “Since this time yesterday
did you spend any time enjoying or viewing
nature?” They also reported at what time this
occurred. This was used to create a dummy
coded variable for enjoying nature, as the dura-
tion of the nature experience was not asked.
Participants only reported on a maximum of
one bout of enjoying nature. The item was per-
son-centered, and the sum of days of enjoying
nature across the duration of the study for each
participant was centered on the grand mean.
Descriptive statistics can be seen in the Supple-
mental Materials.

Exercise. Participants reported how much time
they engaged in vigorous physical activity since
the same time yesterday and also reported what
time they began exercising. The time of day when
the participant reported enjoying nature was com-
pared to the time interval of their exercise bout. If
the time of the experience of enjoying nature was
contained within the period of exercise, this
exercise duration was used to create an exercise
while enjoying nature variable. The other exer-
cise bouts were used to create another variable
representing exercise while not enjoying nature.
These variables were person-centered and the

person means of these behaviors were centered
on the respective grand means.

Social interaction while enjoying nature. When
responding to the question about spending time
enjoying nature, participants also reported
whether their nature experience was with
another person, and if so, who it was. Using this
response, two dummy coded variables were
created: One for days when the participant
enjoyed nature alone and one for days when the
participant enjoyed nature with others. These
variables were person-centered and the person
means of these variables were centered on the
respective grand means.

Positive and negative dffect. Each day, partici-
pants responded to 13 positive affect items and
14 negative affect items, indicating how much of
the day they felt those emotions. Item responses
were on a five-point continuum ranging from 0
to 4 (0=None of the time, 1=A little of the time,
2=Some of the time, 3=Most of the time, and
4=All the time). A composite variable was cre-
ated for each set of items and then standardized
across all occasions of measurement. These
scales have been regularly used to assess affect
(e.g. Leger et al., 2016) and using the procedures
from Bonito et al., (2012) reliability coefficients
were calculated at the daily and person levels for
the positive affect (day=.73; person=.96) and
negative affect (day=.68; person=.90) scales.

Time. To account for changes in positive and
negative affect over the course of the study,
time was entered into the model, representing
the day of the participant’s survey, ranging from
0 to 7. Also included in the model was whether
the day of assessment was a weekday (“0’) or
weekend (“17).

Covariates. To account for other variables that
might influence affect and the likelihood of
enjoying nature or exercising, the participants’
self-reported daily number of stressors and
daily number of physical symptoms were also
included as covariates. For daily number of
stressors, participants were provided with seven
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prompts asking if they had experienced six spe-
cific stressful experiences and one additional
open-ended stressful experience. For daily
number of physical symptoms, participants
indicated whether they experienced a series of
28 possible physical symptoms (e.g. headache,
backache, dizziness) on that day. The number of
daily stressors and daily symptoms endorsed by
the participants were person-centered while the
person-means were centered on the grand mean.

Analysis plan

The analysis used multilevel models to analyze
the nested data (days within-persons) so that
within-person and between-person associa-
tions could be assessed. All models were ana-
lyzed using R statistical software with the /me4
(Bates et al., 2015) and robustimm (Koller,
2016) packages. The initial goal for the analy-
ses was to analyze the data with traditional
mixed effects linear models, but diagnostic
plots indicated the presence of outliers and
non-normality in the residuals of the negative
affect models. As such, robust linear mixed
effects models were more appropriate for those
models (see Field and Wilcox, 2017).
Preparatory data management included recod-
ing the variables from text to numeric format,
calculating time and time intervals, and center-
ing the variables. ICC values for the binary
items were calculated using the random inter-
cept logistic regression method described by
Wu et al. (2012).

To test the study hypotheses, two pairs of
models were run. Following the recommenda-
tion of Barr et al. (2013), a maximal random
effects structure was modeled for the positive
affect models, but due to extreme computa-
tional burdens of random slopes in robust mod-
els, only random intercepts were estimable for
the negative affect models. The first pair of
models included enjoyment of nature to test
associations with positive and negative affect
(h1-h4). The second pair of models investi-
gated whether enjoying nature alone was still
associated with affect, controlling for exercise
(h5-h8).

Data sharing statement

Are de-identified individual participant data
available (including data dictionaries)? Yes,
from the Inter-university Consortium for
Political and Social Research (https:/www.
icpsr.umich.edu/web/ICPSR/studies/37083).
What data in particular are shared? All of the
individual participant data collected during the
study were made available, after de-identifica-
tion. What other documents are available? The
author’s script for running the data cleaning and
analysis in R, analyses output, and an overview
of the supporting documentation.

Results

Forty-six percent of days included some amount
of exercise and 43% of days involved spending
time enjoying nature. Of the days spent enjoy-
ing nature 19% involved engaging in exercise
and 77% involved enjoying nature with another
person. The relatively high proportion of nature
days in which people enjoy nature with others
indicates that enjoyment of nature and social
interaction cluster together in this sample.

Direct effects of enjoying nature

The first pair of models indicated that past-24-
hour enjoyment of nature was associated with
ratings of positive affect (b=.10, 95% CI [0.06,
0.13]) and negative affect (b=-0.03, 95% CI
[-0.06, —0.004]) at the within-person level. At
the between-person level, enjoyment of nature
was associated with positive affect (b=.08, 95%
CI [.05, .10]) and negative affect (b=—.01, 95%
CI[—0.02,—0.01]). See Table 1 for full results.

Enjoying nature controlling for
exercise and social interaction
exercising

To test whether nature had associations with
affect beyond any concurrent social interaction
and exercise, a second pair of models were fitted
to the data including these variables. At the
within-person level enjoying nature with others
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was associated with positive affect (b=0.11, 95%
CI [0.07, 0.15]), while enjoying nature alone was
not (h=0.05, 95% CI [-0.02, 0.11]). However, at
the between-person level, both enjoying nature
with others (h=0.06, 95% CI [0.03, 0.09]) and
while alone (b=0.10, 95% CI [0.06, 0.13]) were
associated with positive affect. Interestingly, time
exercising during bouts of enjoying nature was
not associated with positive affect at the within-
(b=0.02, 95% CI [-0.003, 0.04]) or between-
person (b=-0.01, 95% CI [-0.14, 0.11]) levels,
although exercise while not enjoying nature was
associated with positive affect at the within-
(b=0.04, 95% CI1 [0.02, 0.05]) and between-per-
son (b=0.12, 95% CI [0.06, 0.18]) levels.

For the negative affect model, associations
with negative affect were found for within-person
fixed effects of enjoying nature with others
(b=-0.03, 95% CI [-0.06, —0.004]), but not
enjoying nature alone (b=-0.03, 95% CI [-0.08,
0.02]). At the between-person level, there were
associations for enjoying nature with others
(b=—-0.01, 95% CI [-0.02,—0.001]) and enjoying
nature alone (h=-0.02, 95% CI [-0.03, —0.01]).
Interestingly, of all the exercise variables, only
exercise while not enjoying nature at the between-
person level was negatively associated with nega-
tive affect (b=-0.03, 95% CI [-0.05, —0.01]).

Discussion

This study aimed to explore the association of
daily enjoyment of nature with positive and nega-
tive affect. The study utilized a daily diary design
and multilevel modeling to analyze the data with
days nested within persons. The findings gener-
ally support the association between daily experi-
ences of enjoying nature and both positive and
negative affect in a large sample of U.S. adults,
spanning geographic location and age. The first
model showed associations between enjoying
nature and positive and negative affect at the
within- (h1, h2) and between- (h3, h4) person lev-
els. However, when controlling for time spent
exercising and social interaction while enjoying
nature, enjoying nature alone was associated with
positive (h7) and negative affect (h8) at the
between-person level, but not the within person

level (h5, ho6). Thus, at the within-person level
enjoying nature is not a significant predictor,
when accounting for the other lifestyle behaviors
of social interaction and exercise.

The finding that enjoying time in nature
shows associations with affect is an important
addition to the literature because much of the
previous research has relied on cross-sectional
data, or large interval longitudinal day to exam-
ine the relations between spending time in
nature and health and well-being outcomes.
Although other diary studies have investigated
nature experiences (e.g. Anderson et al., 2018;
Ryan et al., 2010; Sato and Conner, 2013), they
are relatively rare relative to cross-sectional
studies, and none have been conducted on a
sample that approaches representability of the
U.S. population. The greater generalizability of
these findings further substantiates the associa-
tions of daily enjoyment of nature with positive
and negative affect, which in turn have impor-
tant associations with overall physical health
(Boehm and Kubzansky, 2012). Of note, the
within-person association with negative affect
has been particularly lacking in previous diary
or experience sampling research. These find-
ings from experience sampling studies are
important because they demonstrate associa-
tions at the daily or momentary level, rather
than asking for global aggregated reports of
time in nature and affect. These findings can be
supported by continued experimental work to
help clarify causal relations between enjoying
nature and both positive and negative affect.

Some theory indicates that exercise and
social interaction are core factors which co-
occur with enjoying nature and which explain
the relationship between enjoying nature and
emotional well-being (e.g. Hartig et al., 2014;
Kuo, 2015). Despite not being related at the
within-person level when controlling for social
interaction and exercise, the between-person
associations between enjoying nature and affect
are important evidence for the potential benefits
of nature enjoyment above and beyond exercise
and social interaction. These other benefits
might be accounted for by the biophilia hypoth-
esis and the ways that natural environments
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support attentional restoration and stress reduc-
tion (Baxter and Pelletier, 2019; see below).
The lack of within-person findings are similar
to a network analysis, which showed that while
associated with exercise and social interaction
at the within-person level, time enjoying nature
was not associated with well-being (Anderson
and Fowers, 2020). The lack of within-person
associations in these studies contrasts with
Ryan et al.’s (2010) daily diary study, which
found that enjoying nature predicted vitality,
controlling for physical activity and social
interaction at the within-person level.
Differences in measurement of the lifestyle
behaviors and this study’s utilization of a
broader range of affect in the dependent varia-
bles, including negative affect, may explain the
null findings. Importantly, the present study
demonstrated some negative associations
between enjoyment of nature and negative
affect, which indicates that nature experiences
may not only be associated with positive affect,
but also associated with less negative affect.
Together, this study and the Ryan et al., (2010)
study offer some evidence that nature’s associa-
tion with affect is due to other factors beyond
co-occurring exercise and social interaction.
The unique benefits of nature might be
explained by stress-reduction properties which
have been shown to mediate the relationship
between nearby greenspace and affect (de
Vries et al., 2013). Further, many of the pur-
ported benefits of enjoying time in nature,
ranging from antimicrobial compounds given
off by plants, to the beauty of scenic views, to
improved air quality are theorized to have a
unifying pathway to health through improved
immune functioning (Kuo, 2015). Individual
differences in experiences of nature may also
moderate the nature-affect association. For
example, connectedness to nature (Capaldi
et al., 2015) and savoring (Sato et al., 2018)
may explain the positive associations between
enjoying nature and affect. Also, the well-
being that accompanies the activity of enjoy-
ing nature may depend on the circumstances
which the person finds themselves and their
purpose for pursuing the activity. For example,
while some may be seeking enjoyment and

pleasurable experiences in nature which are
further amplified by the company of other peo-
ple, other individuals may use nature experi-
ences as an escape, a time for contemplation
and reflection, or a time to experience reduced
stress alone (Manfredo et al., 1996). It will be
important for future research to investigate the
potential mediating and moderating factors
that can explain how, for whom, and under
what circumstances enjoying nature might be
beneficial.

Although this study has strengths such as a
relatively large sample of participants for a
daily diary survey, there are some limitations.
First and most generally, these data were not
collected with these hypotheses in mind and
thus some aspects of measurement were lim-
ited. The ability to thoroughly assess the asso-
ciations between the enjoyment of nature and
affect was limited by the use of a binary meas-
urement of nature enjoyment, with its inclusion
of “viewing” nature experiences, which could
have occurred without necessarily being in
nature. While self-reported exercise is only
modestly correlated with objectively measured
actigraph assessments of exercise (Prince et al.,
2008), other research indicates that self-reported
exercise is the stronger predictor of affect
(McLean et al., 2018). Some research has used
GPS data from smart phones to objectively
measure distance to nature and degree of natu-
ralness. Of particular note is MacKerron and
Mourato’s study (2013) which tracked over
21,000 British adults’ location using GPS and
their momentary affect, resulting in over a mil-
lion data points across a 6-month period. What
they found is that when individuals were objec-
tively closer to natural environments, they
reported greater happiness. Also, in calculating
the binary variables of exercising while enjoy-
ing nature versus exercise in other settings,
there is likely some measurement error that was
introduced into the study when the exercise
interval (start to end of exercise) was assessed
for overlap with time of enjoying nature. It is
possible that an individual could have reported
spending time in nature around 8am, which
continued until 10am, with a bout of exercise
going from 9 am to 10am. If that were the case,
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this bout would have been coded as not occur-
ring while enjoying nature.

Future research would benefit from a few
additions. A more comprehensive and system-
atic assessment of the time spent in nature ver-
sus in human-built environments would reduce
the complications of using overlapping time
intervals in this study. Other outcome variables
might be important to consider beyond positive
and negative affect, including other forms of
well-being and physiological variables. Lastly,
some research indicates that it is the quality of
the nature experience and not just the quantity
that is important (Sato and Conner, 2013), so
future research should assess the types, quan-
tity, and quality (e.g. naturalness, beauty, biodi-
versity) of nature experiences, in conjunction
with other related lifestyle behaviors such as
social interaction and exercise.

Conclusion

This study provides support for enjoying nature
alone, enjoying nature with someone else, and
exercise as lifestyle behaviors associated with
positive and negative affect in a daily diary study
design. Although enjoying nature has not tradi-
tionally been a central focus in health psychol-
ogy, these findings can help inform future
experimental manipulation of these behaviors,
which may in turn support the development of
lifestyle medicine and related lifestyle approaches
to improve health and emotional well-being.
With global shifts toward urban living, lifestyle
medicine approaches need to continue to explore
how the relationship between time spent in nature
and affect is affected by environmental circum-
stances and individual differences.
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