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Time in nature is associated with a range of physical and psychological benefits. These
benefits tend to be unevenly distributed, with non-white and low-income communities
often having lower access to nature than richer, more white neighborhoods. When the
COVID-19 pandemic hit the United States in Spring 2020, changes in daily routines,
restrictions on public nature access, and risk perceptions may have affected whether
and how much people spent time in nature. We explore how nature access changed
during the COVID-19 pandemic and how those changes were experienced by different
demographic groups. We surveyed representative samples of California and New York
residents (n = 2,036) in May and June of 2020 and examined differences in nature access
and nature-related COVID restrictions and risks by gender, income and race. We find
that, on average, the pandemic was associated with reductions in frequency of nature
access and less time in nature for all respondents. However, these trends were greatest
for women, people of color and people who are low-income. Moreover, the pandemic
seems to have widened prior inequalities: low-income and non-white people accessed
nature even less frequently and had fewer nature access options than they did prior to
the pandemic. Given the disparities in broader pandemic impacts by gender, income,
and race, these results further demonstrate the inequalities laid bare by COVID-19.

Keywords: nature, equity, COVID, environment, greenspace

INTRODUCTION

In Spring 2020, the COVID-19 pandemic upended routine across much of the United States. People
were forced to adapt to changes in daily movement to reduce the spread of the disease. These
included reductions in work hours for non-essential workers, remote work for those who were
able, and closure of schools and public gathering spaces. Spending time outdoors became one of
the few options for leisure outside the home. At the same time, pandemic-related restrictions and
risk perceptions may have influenced whether and how people spent time in nature.

Time in nature can benefit human wellbeing. Contact with various types of nature is
associated with increases in positive affect, happiness, repetitive, and other measures of
psychological health (Bratman et al., 2019). These benefits may be accrued through multiple
pathways, including air quality, physical activity, repetitive, and stress reduction (Hartig et al.,
2014). Public open spaces, such as parks, can provide areas to gather, enabling a sense
of community and social cohesion (Fan et al, 2011; Francis et al., 2012). Residents of
neighborhoods with more greenness tend to have better mental health and mortality outcomes
(van den Berg et al, 2015). However, these neighborhoods also tend to be more white and
higher income (Schwarz et al., 2015; Nesbitt et al, 2019). Low-income neighborhoods have

Frontiers in Sustainable Cities | www.frontiersin.org 1

March 2022 | Volume 4 | Article 709982


https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org/journals/sustainable-cities#editorial-board
https://www.frontiersin.org/journals/sustainable-cities#editorial-board
https://www.frontiersin.org/journals/sustainable-cities#editorial-board
https://www.frontiersin.org/journals/sustainable-cities#editorial-board
https://doi.org/10.3389/frsc.2022.709982
http://crossmark.crossref.org/dialog/?doi=10.3389/frsc.2022.709982&domain=pdf&date_stamp=2022-03-31
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles
https://creativecommons.org/licenses/by/4.0/
mailto:hflint1@uwyo.edu
https://doi.org/10.3389/frsc.2022.709982
https://www.frontiersin.org/articles/10.3389/frsc.2022.709982/full

Byerly Flint et al.

Nature Access Disparities in COVID

been found to have less greenspace (Astell-Burt et al., 2014),
and low-income and non-white people often have fewer acres
of urban parks and access to parks of lower quality, safety,
and maintenance than higher income and white people (Wolch
et al., 2014; Rigolon, 2016). Hispanics, Blacks and Asians are
more likely than whites to report safety of the outdoors as
a barrier to spending time in nature, even though nature is
highly valued across all racial groups (Kellert et al., 2017). Racial
discrimination and policing of white boundaries has historically
dispossessed or excluded people of color from public nature
areas (Schelhas, 2002; Scott and Lee, 2018). Given the benefits
of time in nature, these disparities could exacerbate income- and
race-related health inequalities.

The COVID-19 pandemic  generated  widespread
psychological stress (Cooke et al, 2020; Boden et al, 2021).
For some, nature experience may have functioned as a coping
mechanism to manage mental health. Greenspace use and nature
views were associated with reduced depression and anxiety
during the pandemic (Pouso et al., 2021; Soga et al., 2021b).
People who reported spending more time in nature compared
to before the pandemic also reported better mental health!. At
the same time, pandemic-related restrictions and perceptions
were likely to influence people’s ability to spend time in nature.
There is evidence of increased interest in spending time outdoors
(Kleinschroth and Kowarik, 2020) and substitutions of outdoor
recreation in lieu of pandemic-restricted leisure activities (Day,
2020). In urban cities, those who had private gardens or yards
were seen as privileged over those who did not (Blackall, 2020).
Closures and restrictions put national park visits at a 40-year
low, but 15 national parks set annual visitation records—
several of which are near densely populated metropolitans
(Ziesler and Spalding, 2021). Global and local analyses of public
greenspace usage report increases from 2019 (Geng et al., 2021;
Soga et al,, 2021a). However, these aggregate numbers do not
capture demographic-level changes in nature access during
the pandemic.

Research focused on other aspects of the pandemic has
established its disparate effects across different populations in
the United States. People of color were more likely to suffer
adverse COVID-19 outcomes and morbidity than whites (Bui,
2020; Andrasfay and Goldman, 2021; Karaca-Mandic et al,
2021; Poulson et al, 2021). While many workers switched
to working from home, frontline “essential” workers were
forced to continue working on site and in close contact with
colleagues. People of color and women are disproportionately
represented in frontline industries, including healthcare, grocery,
childcare, public transit, warehouse, and cleaning services (Rho
et al.,, 2020). The burden of this work has also been borne
by low income workers (Blundell et al., 2020). Women have
experienced greater employment disruption from the pandemic
than men, as well as negative outcomes related to violence
and health (McKinsey Company, 2021; United Nations, United
Nations). These differences may be exacerbated by household
characteristics. U.S. Census Bureau data shows an increase of 1.4

'Watson, K. B., HammondWagner, C., Byerly, H., Niles, M. T., and Ricketts, T. H.
(In preparation). Nature Exposure and Mental Health During COVID-19.

million mothers with school-age children not actively working in
January 2021, compared to January 2020 (Heggeness et al., 2021).
During the pandemic, childcare demands were cited as the reason
for not working among three times as many women than men
(Heggeness and Fields, 2020).

In this study, we examine changes in nature access during
the pandemic and whether those changes vary across three
demographics: gender, income, and race. In Spring 2020, we
surveyed demographically representative samples of Californians
and New Yorkers. The survey asked participants about their
frequency of time spent in nature before and during the
pandemic, changes in time in nature since the pandemic started,
types of nature access, and perceptions of COVID restrictions
and risks related to nature access. We tested how those measures
differed for respondents who were female, low-income, or non-
white, compared to those who were male, higher income, or
white. Many of the studies on nature use during the pandemic
use convenience sampling and acknowledge their samples’ bias
toward high-income or frequent nature users (e.g., Derks et al,,
2020; Grima et al., 2020; Venter et al, 2020; Maurer et al.,
2021). The goal of our study is to provide evidence from a
demographically representative sample on changes in nature
access during the COVID-19 pandemic along gender, income,
and racial divides, and whether the pandemic seems to have
exacerbated or assuaged prior inequalities. The investigation was
guided by four research questions.

RQI. How did frequency of nature access change during
the pandemic?

First, we explored how time spent outside changed overall
during the pandemic and within demographic groups, as well
as demographic differences before the pandemic and whether
those differences grew or shrank during the pandemic. We used
responses about frequency of time spent in nature before and
during the pandemic to test for differences over time and within
demographic groups.

RQ2. How did time in nature change during the pandemic?

Next, we explored how participants reported changes in
the time they were able to spend in nature. Participants
reported whether they were spending less, more or the same
amount of time outside, compared to before the pandemic.
We tested for differences in experiences overall and within
demographic groups.

RQ3. How did the type of nature (public vs. private) people
accessed change during the pandemic?

Third, we investigated where people spent time in nature.
Participants reported on whether they spent time in a private
yard, in a public park, both, or neither (had no access to
nature). We tested for changes in types of nature accessed and
demographic differences in private vs. public nature access before
and during the pandemic.

RQ4. Did perceptions of nature-related COVID restrictions and
risks vary within demographic groups?

Finally, we explored whether perceptions of nature-related
COVID restrictions and risks were different for women, low-
income participants, and non-white participants, as these might
help explain differences observed above. Using responses to
questions about stay-at-home requirements, nature closures, and
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discomfort with pandemic risks outdoors, we tested whether
responses varied within demographic groups.

Additionally, we explored whether demographic group
membership (ie., being female, low-income, or non-white)
predicted changes in time spent in nature when controlling
for one-another, and whether those relationships held
when accounting for other household characteristics, nature
preferences, and pandemic-related variables. We also examined
whether being a woman with children at home was associated
with changes in time spent in nature and moderated any
observed effect of gender.

METHODS

Sample

In May and June 2020, when COVID-19 pandemic lockdown
measures were in effect for much of the United States, we
surveyed demographically representative samples of New York
and California residents (n = 2,036). These two states were two
of the earliest to experience the pandemic in the United States
and experienced the pandemic onset around the same. The
states also enacted broadly similar quarantine policies, although
California enacted a stay-at-home policy a few days earlier than
New York (Jalali et al., 2020). These samples provide insight into
the diversity of experiences for two states with large metropolitan
areas and diverse populations. The sample size was determined
by a power analysis for the effect sizes sought in another study
that examines the relationship between nature access and mental
health (see text footnote 1).

Survey participants recruited through Qualtrics
(www.qualtrics.com), which uses a variety of sources to find
participants, including website intercept recruitment, email lists,
customer loyalty web portals, and social media. We instructed
Qualtrics to set quotas for the demographic characteristics of the
two state populations following census data on race, household
income, education level, and age (U.S. Census Bureau, 2019a,b).
The U.S. Census implements gender as a binary male/female
variable. To allow for the inclusion of non-binary respondents,
we adjusted the quota to allow up to 4% of respondents from
each state to identify with a gender other than male or female.
The survey ran from May 19 to June 16, at which point the quotas
had been filled. The survey had a 60% response rate. Qualtrics
compensated survey respondents for their time variably based on
the context. Primary forms of compensation included gift cards,
airline miles, and cash payments. The study design was approved
by the University of the South Institutional Review Board.

were

Survey Design

Sampled California and New York residents were invited to
participate in an online research study on nature access and
mental health, and informed that the purpose of the study was
partly to investigate how access to nature and greenspace had
changed during the pandemic. Participants first responded to a
set of mental health questions, then reported on the current status
of the COVID-19 pandemic in their community and their access
to nature, green space and natural areas. Participants were also
asked about their relationship with nature and greenspace using

the short-form version of the Nature Relatedness Scale (NR-6)
(Nisbet and Zelenski, 2013). The survey finished with questions
related to demographics and household characteristics.

Data

To explore disparities in nature access during the COVID-
19 pandemic, we focused on how outcomes varied for three
demographic groups: female (vs. male), low-income (vs. high-
income), and non-white (vs. white). These groups were defined
as binary categorical variables using responses to questions in
the survey.

A participant’s gender was defined as “female” if she selected
“female” as that which best describes her gender identity. The
comparison gender group was male because this contrast best
captures the possible inequities in household dynamics we
sought to examine through our analysis (United Nations, United
Nations). Those who identified as transgender or non-binary, or
preferred to self-describe or not to answer were excluded from
our analyses that focused on gender.

A participant’s income was defined as “low-income” if their
household income range in 2019 before taxes was within the
lowest quartile of survey participants. For our sample, this cutoff
was $25,000, and it was the same value for both California and
New York residents. This cutoff aligns with the U.S. Census
Bureau 2019 Poverty Threshold for a family unit of four people,
which is $26,172 (U.S. Census Bureau, 2021). The comparison
group is participants in the highest quartile, whose household
income was at least $100,000. Participants in this group were
considered “high-income”. Participants in the middle quartiles
were excluded from the analyses that compared income groups.

A participants race was defined as “non-white” if they
had indicated the race with which they most identify as any
other than White (i.e., American Indian or Alaskan Native,
Asian, Black or African American, Hispanic or Latino, Native
Hawaiian or other Pacific Islander, or Other). Although federal
policy defines Hispanic as an ethnicity, “Hispanic or Latino” is
included in the racial breakdown of census data by state. Many
Hispanics consider their ethnic and cultural background to be
part of their racial identity (Rodriguez, 2000; Gonzalez-Barrera
and Lopez, 2015). However, this perspective is not universal
and Latinos in the United States experience race differently
(Rodriguez, 2000; Rothenberg, 2007). Participants in our survey
were asked to select the “race with which you most identify,”
with “Hispanic or Latino” and “White” as two options. We
use this self-identification process as justification for classifying
those who selected “Hispanic or Latino” as “non-white”. We
focus on the white/non-white dichotomy because it is the racial
divide for which evidence suggests there might be the greatest
differences in access to urban greenspace (Wolch et al., 2014;
Rigolon, 2016), barriers to spending time in nature (Kellert
et al., 2017; Scott and Lee, 2018) and experience during the
pandemic (Gross et al., 2020; Andrasfay and Goldman, 2021;
Karaca-Mandic et al., 2021).

The nature access outcome measures were also defined
according to survey responses (Supplementary Table 1).
Participants indicated the frequency of time they spent in nature
before and during the pandemic using a scale ranging from
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never (0) to daily (4). These variables were coded as continuous.
Participants also reported how the amount of time they spent
in nature had changed since before the pandemic, choosing
either less, same or more (coded as categorical). Type of nature
access was coded categorically based on where participants
indicated they spent time—in public parks or natural areas
(Park), in a private yard or garden (Home), both or neither.
Perceptions of nature-related COVID restrictions and risks
include binary (true/not true) responses to statements about
quarantine conditions (required to stay at home, closed public
natural areas) and risk preferences (uncomfortable about
COVID risks outdoors).

Additional individual characteristics were coded to include
in the descriptive statistics and regression models described
below. A participant’s “nature relatedness” was determined
by averaging responses to the NR-6 questions, which assess
subjective connectedness with the natural environment (Nisbet
and Zelenski, 2013). This is a continuous measure bounded by
one (low) and five (high). We control for nature relatedness in
order to account for differences in propensity toward nature,
which has been shown to vary by gender (Wyles et al., 2019;
Rosa et al.,, 2020). A participant had children at home if they
indicated they lived with children under age 18. A participant
was considered to have experienced a change in employment if
they responded that the pandemic had increased or decreased
the number of hours per week that they spend doing paid work
(compared to those who responded “no change”). A participant
was considered to live in an urban area if their zip code
was classified as within a metropolitan area by the Office of
Management and Budget as of October 2010 (USDA Economic
Research Service ERS., 2013).

The initial data set used for the analysis was prepared
by Watson et al. (see text footnote 1). In that study,
186 of 2,041 responses had missing values, which were
replaced using an iterative regression imputation technique
(Gelman and Hill, 2006).

The data used in this study will be made publicly available on
Open Science Framework (doi: 10.17605/OSF.10/7VEM]).

Analysis
To test for differences in frequency of nature access before and
during the pandemic (RQ1), we first checked the assumption
of normally distributed differences for a paired t-test using the
Shapiro-Wilk normality test. Because the differences were not
normally distributed, we used the non-parametric Wilcoxon
signed-rank test to compare change in frequency between
time periods for the full sample. For differences within each
demographic group (e.g., female vs. male, low-income vs. higher
income, and non-white vs. white) at each time period, we used
t-tests. Pandemic-related changes in nature access were analyzed
by comparing time spent in nature during the pandemic to before
the pandemic using mixed analysis of variance (ANOVA) within
demographic groups and between time periods.

Changes in time spent in nature (RQ2) were tested using
chi-squared tests overall and within each demographic group.

Differences in type of nature access (RQ3) were tested
using McNemar’s chi-squared test for the full sample between

time periods, which is appropriate for paired nominal data
(Agresti, 2002). Chi-squared tests evaluated differences within
each demographic group at each time period.

Differences in perceptions of nature-related COVID
restrictions and risks (RQ4) were tested using chi-squared
tests for perceived requirement to stay home, perceived
closure of public access points, and discomfort about COVID
risks outdoors.

We also provide descriptive statistics for each outcome
variable by racial subgroup in the Supplementary Materials to
check whether the aggregation of non-white races is masking
opposite trends between subgroups.

Finally, to explore how changes in time spent in nature
are explained by demographic, pandemic, and individual
characteristics, we estimated multinomial logistic regression
models. The dependent variable was categorical, with three levels
of time spent in nature since the pandemic: Less, Same, or
More, where Same (or “no change”) is the reference level. The
main estimation included the demographic groups as predictors,
possible pandemic-related effects on nature access (type of
nature access, COVID restrictions, and discomfort about COVID
risks outdoors), and individual-level covariates, including age,
nature relatedness, kids at home, and change in employment.
To compare how results changed when controlling for fewer
factors, we estimated simpler models that include just subsets
of those variables. We also estimated an additional full model
that included an interaction for the effect of kids at home on
women. All models included controls for state of residence and
time period (week) in which the survey was taken.

All statistical tests included corrections for multiple
comparisons using the Benjamini-Hochberg method with a
false discovery rate of 5% (Benjamini and Hochberg, 1995). We
pre-registered our analysis plan on Open Science Framework
prior to conducting the analysis described herein. The scope
of investigation and analytical methods have largely followed
the plan, with a few variations. The research questions have
been reorganized to better communicate the results. We initially
planned to remove responses that failed a check for internal
consistency using survey responses related to nature access,
however, we subsequently decided that the questions were
sufficiently different to negate the validity of that procedure.
Additionally, we had intended to test for moderator effects of
changes in employment and urban residence but lacked strong
evidence regarding the direction of the effect of employment
change and had too imbalanced a sample to test for urban vs.
rural effects. For kids at home, we focused just on its effect
on gender and changed this analysis to be more exploratory
than confirmatory.

RESULTS

Overall, 2,036 people participated in the survey (Table 1). The
most commonly represented race was White (46%), followed
by Hispanic (30%), Black (11%), and then Asian (9%), with
other races making up 4% of the sample. Household income
in 2019 before taxes ranged from <$25,000 (24%) to $100,000
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TABLE 1 | Descriptive statistics of sample.

Race Asian Black Hispanic Other White
178 (8.7%) 219 (11%) 611 (30%) 84 (4.1%) 944 (46%)

Income <$25,000 $25,000-99,999 $100,000 or more

496 (24%) 886 (44%) 654 (32%)
Gender Female Male Other

1,038 (51%) 960 (47%) 38 (1.9%)
Age 18-29 30-49 50 or older

731 (36%) 643 (32%) 662 (33%)
Political preferences Liberal Moderate Conservative

642 (32%) 735 (36%) 659 (32%)
State of residence California New York

1,029 (51%) 1,007 (49%)

Lives in an urban area 1,845 (94%)
Has kids at home 902 (44%)
Experienced a change in employment in the pandemic 1,024 (50%)
Had COVID-19 228 (11%)
Know someone who had COVID-19 687 (34%)
Total participants N = 2,036

Cells show number of observations (percent of sample).

or more (32%). Half of the sample self-identified as female
(51%), 47% as male, and 1.9% as transgender, non-binary, or
self-described. The age range was split between 18 and 30 years
(36%), 31-49 years (32%), and 50 or older (33%). Political
preferences of respondents are similarly equally divided, with
32% describing their views as liberal, 36% as moderate, and 32%
as conservative. Due to sampling design, the sample is split evenly
between California and New York residents and matches the
demographic profiles of those states for race, household income,
education level, and age (U.S. Census Bureau, 2019a,b). Almost
all respondents (94%) live in urban areas; this proportion is
similar to the urban-rural split of California (95% urban) and
slightly higher than that of New York (86% urban) (U.S. Census
Bureau, 2010). About half of respondents have kids under the
age of 18 at home (44%) and have experienced a change in
employment since the start of the pandemic (50%). At the time
of the survey, only 11% of the sample reported having had
COVID-19 symptoms or been diagnosed with the illness, while
34% knew someone who had symptoms of or been diagnosed
with COVID-19.

Following  the  demographic  groupings  described
in the Methods, the samples used in the analyses
were split between 52% female (48% male), 43%
low-income (57%  high-income), and 54% non-white
(46% white).

Changes in Frequency of Nature Access
(RQ1)

Before the pandemic, respondents, on average, reported spending
time in nature once or twice a week (mean = 2.07). Pre-pandemic
reported time in nature was less for low-income and non-white
groups compared to those who are high-income (diff = —0.35,
t = —4.82, p < 0.001) and white (diff = —0.26, t = —5.06, p
< 0.001).

During the pandemic, the average reported time spent
in nature for all respondents decreased (mean = 1.75, V
= 442912, p < 0.001). All demographic groups reported a
decline in time spent in nature during the pandemic (Figure 1;
Supplementary Table 3). As with before the pandemic, reported
time in nature during the pandemic was less for respondents who
are low-income (vs. high-income; diff = —0.63, t = —8.60, p <
0.001) and non-white (vs. white; diff = —0.52, t = —9.37, p <
0.001). Pairwise comparisons and statistical results are shown in
Supplementary Table 2.

Differences in reported frequency of nature access
increased during the pandemic within all groups (Figure 1;
Supplementary Table 4). Compared to before the pandemic,
there was a greater decrease in the frequency of time spent in
nature during the pandemic reported by women (difference
from male respondents = 0.17, F = 8.84, p < 0.01), low-income
respondents (difference from high-income = 0.28, F = 13.06, p
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FIGURE 1 | Time spent in nature before and during the pandemic. Dots show mean =+ SE. Significance at demographic group level (left brackets) is from mixed
ANOVAs for differences between groups over time. Significance at group level is from t-tests for differences between groups at each time period (results are the same

2 3
1-2 times/week 3-6 times/week

Pre-Pandemic

< 0.001), and non-white respondents (difference from white =
0.25, F = 19.38, p < 0.001; Supplementary Table 3).

Changes in Time Spent in Nature (RQ2)
Matching the results above, the most commonly reported
experience for survey participants was spending less time in
nature during the pandemic (52%), compared to 23% who
reported spending more time in nature and 25% who reported
they spent the same amount of time in nature. Loss of time
in nature was the majority response for each group (Figure 2).
Within demographic groups, women (x % = 15.8, p < 0.001), low-
income (% = 11.06, p < 0.01), and non-white participants (x2 =
43.9, p < 0.001) reported different pandemic nature experiences
than their counterparts (Figure 2; Supplementary Table 5).

Type of Nature Access During the
Pandemic (RQ3)

Prior to the pandemic, about 10% of the sample reported not
typically spending time in nature or greenspaces at least once
a week, while 14% spent time just in public parks or natural

areas, 35% in both public natural areas and a private yards or
garden, and 41% in just a private yard or garden (Figure 3).
During the pandemic, the proportions of the sample in two
groups grew: those who reported not being able to spend time in
nature (14%) and those who reported using only private nature
access (59%). Whereas, the proportions who reported spending
time just in public (9%) or in both public and private (18%)
natural areas declined. This shift in nature access before and
during the pandemic for the full sample is statistically significant
(McNemar’s 2 = 327, p < 0.001; Supplementary Table 6).
Type of nature access before the pandemic differed within
each demographic group (Supplementary Table 7). During the
pandemic, types of nature access differed for some demographic
groups but not all (Figure 4; Supplementary Table 8). Women
and men reported similar nature access (x2 = 4.56, p = 0.21),
which was similar to the full sample distribution described
above. Type of nature access during the pandemic was different,
however, for low-income (vs. high-income; x2 = 72.2, p < 0.001)
and non-white (vs. white; x? = 58.5, p < 0.001) respondents.
These groups were more likely to report not being able to
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FIGURE 3 | Type of nature access for the full sample before (pre-) and during (mid-) the pandemic. None indicates not spending time in nature; Park indicates just
time in public parks or natural areas; Park and Home indicates time in both public and private natural areas; and Home indicates just time in a private yard or garden.

spend time in nature (Incomegg = 15.0 percentage points;
Racegif = 7.7 percentage points) or to have spent time just
in public nature areas (Incomegg = 5.2 percentage points;
Racegif = 6.5 percentage points). They were also less likely
to report having spent time in a private yard (Incomegig =

—8.5 percentage points; Racegg = —8.7 percentage points)
or both a private yard and public nature areas (Incomegiy =
—11.6 percentage points; Racegijy = —5.4 percentage points;
Supplementary Table 5).

Perceptions of Nature-Related COVID
Restrictions and Risks (RQ4)

Regarding nature-related COVID restrictions, 18% of the sample
reported that they were required to stay at home in the previous
2 weeks. This experience was different for all three demographic
groups (Figure 5; Supplementary Table9). Women reported
stay-at-home requirements 4.5 percentage points more than men
( X2 = 6.74, p < 0.01), low-income respondents 8.7 percentage
points more than high-income respondents (3% = 13.2, p <
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FIGURE 4 | Type of nature access during the pandemic by demographic group. None indicates not spending time in nature; Park indicates just time in public parks or
natural areas; Park and Home indicates time in both public and private natural areas; and Home indicates just time in a private yard or garden. Significance is from

0.001), and non-white respondents 9 percentage points more
than white respondents (x2= 27.6, p < 0.001).

About a quarter (23%) of the full sample indicated they
were permitted to leave their homes to access public parks or
natural areas but the public access points they typically use were
closed. Gender (x? = 0.18, p = 0.67) and income (x* = 0.0,
p = 1) groups experienced this COVID restriction similarly
(Supplementary Table 10). However, non-white respondents
reported closed access points more than white respondents (5.9
percentage points, x> =9.48,p < 0.01).

A fifth (20%) of the sample said they were permitted to spend
time outside but felt uncomfortable about the risk of exposure
to or spreading COVID-19. While there was no difference in
risk preferences by income (x? = 1.14, p = 0.28), discomfort
was expressed by 23% of women (compared to 16% of men;
x> = 169, p < 0.001) and 22% of non-white respondents
(compared to 17% of white respondents; x> = 6.28, p < 0.05;
Supplementary Table 11).

Non-white trends for each outcome measure described above
(frequency of nature access, change in time spent in nature,
type of nature access, and perceptions of nature-related COVID
restrictions and risks) appear consistent across Hispanic, Black,
and Asian respondents (Supplementary Table 12). As with the
aggregate “non-white” grouping, each these races averaged

greater losses in the frequency of nature access and spending less
time in nature than white respondents.

Predicting Changes in Time Spent in

Nature

Results from the main multinomial regression model (Table 2)
support those described above. When controlling for all
three demographic characteristics and additional pandemic and
household factors, women and non-whites were more likely to
report spending less time in nature during the pandemic than
men and whites [female = 5%, 95% CI (1, 9%); non-white =
9%, 95% CI (4, 14%)]. Non-whites were also less likely to report
spending more time in nature than white respondents [—5%, 95%
CI (—9%, 0%)].

As one would expect, having access to public parks, a private
yard, or both were all associated with spending more time
in nature compared to having no access to nature during the
pandemic [public = 16%, 95% CI (9, 23%); private = 13%, 95%
CI (8, 17); both public and private = 29%, 95% CI (23, 35%)].
The relationships between type of nature access and less nature
are less clear—only those who had access to both public and
private nature were less likely to report spending less time in
nature compared to those who had no access [—17%, 95% CI
(=25, —=9%)].
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FIGURE 5 | Perceptions of nature-related COVID restrictions and risks by demographic group. Error bars represent SE of the mean. Significance is from chi-squared
tests within demographic group for each statement. *p < 0.05, *p < 0.01, **p < 0.001.

Perceptions of nature-related COVID restrictions and risks ~ at home [16%, 95% CI (10, 21%)], closed public parks
were associated with reported changes in time spent in  [9%, 95% CI (4, 14%)], and discomfort with the risks of
nature. Less nature was associated with requirements to stay  catching or spreading COVID-19 outdoors [23%, 95% CI
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TABLE 2 | Average marginal effects of demographic, pandemic, and household
characteristics on reported change in time spent in nature since the pandemic.

Less nature

More nature

Female 0.050 —0.008
(0.006, 0.094) (—0.046, 0.029)
(0.025) (0.663)
Low-income —0.033 —0.023
(—0.084, 0.018) (—0.067, 0.021)
(0.208) (0.298)
Non-White 0.088 —0.045
(0.039, 0.137) (—0.087, —0.004)
(0.000) (0.032)
Access: public parks —0.031 0.155
(—0.121, 0.059) (0.085, 0.225)
(0.495) (0.000)
Access: private yard 0.009 0.127
(—0.055, 0.074) (0.084, 0.170)
(0.778) (0.000)
Access: both public and private —-0.167 0.290
(—0.245, —0.089) (0.227, 0.352)
(0.000) (0.000)
COVID: stay at home 0.157 —0.080
(0.101, 0.213) (—0.126, —0.034)
(0.000) (0.001)
COVID: parks closed 0.092 —0.019
(0.041, 0.142) (—0.060, 0.022)
(0.000) (0.362)
COVID: risks outdoors 0.226 —-0.102
(0.175, 0.277) (—0.144, —0.061)
(0.000) (0.000)
Change in employment 0.068 0.077
(0.024, 0.111) (0.040, 0.115)
(0.002) (0.000)
Kids at home 0.020 0.030
(—0.026, 0.066) (—0.009, 0.069)
(0.386) (0.129)
Nature relatedness (NR-6) 0.027 0.019
(0.0083, 0.050) (—0.001, 0.040)
(0.026) (0.069)
30-49 years old -0.018 0.002
(—0.072, 0.035) (—0.045, 0.049)
(0.498) (0.925)
Over 50 years old —0.005 —0.058
(—0.067, 0.056) (—0.110, —0.007)
(0.865) (0.027)
Number of observations 1,998 1,998

Estimates are from multinomial regression on change in time spent in nature since the
pandemic comparing against a baseline of “no change.” Model coefficients can be found
in Supplementary Table 12, under Model (3). Low-Income indicates participants whose
household income (hhi) is <$25,000; the comparison group in the model is all participants
whose hhi > $25,000. Supplementary Table 12 shows results where the comparison
group is high-income participants (hhi > $100,000), which excludes nearly half of the
observations, as described in Methods. Variables beginning with “Access” or “COVID”
are based on responses to the survey questions in Supplementary Table 1. The model
includes controls for state of residence and week in which the survey was completed.
Coefficients (first row within each variable) show average marginal effects; confidence
intervals in brackets; p-values in parentheses.

(18, 28%)]. Conversely, more time in nature was negatively
associated with stay-at-home requirements [—8%, 95% CI
(=12, —3%)] and COVID risks outdoors [—10%, 95% CI
(—14, —6%)].

Regarding individual characteristics, changes in employment
and nature relatedness were associated with both less and more
time in nature.

Simpler models that do not include all covariates show similar
but stronger relationships between demographic characteristics
and reported changes in nature (Supplementary Table 12).
Adding an interaction term to the full model indicates that
women with children at home were more likely to report
spending less or more time in nature, compared to the
same nature, and this moderation effect seems to drive the
relationship between women and changes in nature (which
becomes insignificant when including the interaction).

DISCUSSION

In Spring 2020, when the COVID-19 pandemic and associated
lockdowns were at their height, the majority of respondents in
our representative samples of California and New York residents
reported losing nature exposure. This was true both for the
frequency of nature access and for time spent in nature, regardless
of gender, income or race. Most reported accessing nature less
often and spending less time in nature than before the pandemic.
This overall loss of nature was associated with perceptions of risks
and restrictions from the pandemic, as well as reporting fewer
options for nature access.

Importantly, this reported loss of nature was greater for
women, low-income and non-white people than for their male,
high-income, white counterparts. These findings parallel those
from other studies using different methodologies: lower-income,
communities of color reported losing time in and access to nature
during the pandemic (Larson et al., 2021; Pearson et al., 2021).
We also find that the pandemic seems to have exacerbated prior
inequalities in nature access: low-income and non-white people
reported spending even less time in nature and having fewer
nature access options than they did before the pandemic. Such
disparities have critical implications given the potential benefits
to wellbeing of time in nature (Russell et al., 2013; Samuelsson
et al., 2021; Stieger et al., 2021).

These results provide a new lens with which to view studies
highlighting increases in nature use during the pandemic (e.g.,
Derks et al., 2020; Grima et al., 2020; Venter et al., 2020; Geng
et al., 2021). While those aggregate numbers suggest people may
have increased their nature exposure during the pandemic, we
find the opposite to be true overall and especially among more
vulnerable groups. Instead, others’ results showing increases in
nature usage during the pandemic may have been driven by a
select population (male, higher-income, or white people) who
had sufficient resources (time, money, access) and comfort to
spend time outdoors.

Responses to our survey suggest how access and comfort
may have influenced nature access for some groups. We found
evidence for inequalities in the ways that different demographic
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groups reported accessing nature. While reports of public nature
access shrank overall, greater proportions of high-income and
white respondents reported being able to spend time in a
private yard or garden compared to low-income and non-white
respondents—more of whom reported having just public nature
access or no nature access at all.

Non-whites were also more likely than whites to report that
they were required to stay home, their public nature access was
closed, and they were uncomfortable about the risks of catching
or transmitting COVID-19 outdoors. Regarding restrictions, it
is unclear whether those are differences related to location (i.e.,
true differences in stay-at-home orders and park closures) or
differences in perceptions of the personal relevance of those
restrictions. Perhaps people of color expressed a heightened
awareness of public orders because they were more sensitive
to possible consequences of violating those orders or because
they were more likely to hold an “essential” job that required
leaving home. High-income respondents were also less likely to
report that they were required to stay at home—a distinction
that could be similarly related to privilege in employment
options, perceptions of restrictions or actual differences in policy
by location.

Women reported they were required to stay at home and
uncomfortable about COVID risks outdoors more often than
men. Different perceptions of restrictions could be related to
rule-following: evidence has shown that women show a greater
preference for acting according to moral norms (i.e., what's right)
rather than possible consequences, compared to men (Friesdorf
et al., 2015). Women also tend to be more risk averse than men
(Eckel and Grossman, 2008). For gender differences, which often
operate within a household, it is also possible that responses to
the statement “I was required to stay in my home” were the result
of household obligations rather than policy restrictions. Women
have carried the burden of childcare during the pandemic and
given up employment to do so (Heggeness and Fields, 2020;
Heggeness et al., 2021); perhaps staying at home was seen as a
function of those factors.

Finally, reported differences in nature loss for women and for
nature loss and lack of gains among non-whites are robust when
controlling for overlap between demographic characteristics and
other factors, including job loss, children at home, and nature
relatedness. This adds further support to the interpretation that
systemic inequities in society and within the household were
exacerbated during the pandemic in terms of access to nature.
Our regression results also suggest that women were more likely
to lose nature in part because they were shouldering the burden
of kids at home more so than men.

Our results identify disparities in reported access to nature
during the COVID-19 pandemic for certain demographic groups
that have been disproportionately burdened by the pandemic’s
disruption and costs. Although we provide evidence from
representative samples of two densely populated and pandemic-
stricken regions of the United States, we cannot say whether our
results generalize to people in other parts of the country or world.
Populations in rural areas and regions with lower pandemic risks
and restrictions likely experienced different or lesser changes
in nature exposure. It is also likely that the pandemic had

different effects on certain subgroups within our demographic
groupings (e.g., low-income vs. high-income women or Asian
Americans vs. Hispanics). Interviews conducted around the time
of our survey identify anti-Asian racism as a barrier for Asian
Americans to spending time outdoors in public spaces (Maurer
et al,, 2021). Thus, while Black, Hispanic, and Asian survey
participants reported a loss, on average, of time in nature during
the pandemic (Supplementary Table 12), the reasons for this
change could be distinct and related to racial identity. Possible
differences between Asian and Hispanic respondents in nature
access and risk perceptions, in particular, may point to the unique
experiences of these two non-white groups. While these subgroup
effects are beyond the scope of our investigation, we encourage
future research to explore these important differences and move
beyond the binary categorizations used in this study.

It is worth noting that the measures used in this study
are self-reported and comparisons to pre-pandemic baselines
are sensitive to the reliability of respondents’ recall. The
pandemic’s disruption to people’s schedules and wellbeing may
have influenced how well people were able to remember their
prior nature experiences. Surveying participants before and
again during the pandemic would have provided more reliable
responses. Still, asking participants to report how their time
in nature has changed provides insight into their perceptions
of how the pandemic has affected their ability to spend time
in nature. These results also complement recent work using
objective measures of greenspace to identify dual disparities in
nature access and COVID-19 case rates (Spotswood et al., 2021).
While prior evidence shows time spent in nature can improve
wellbeing, we recognize that the COVID-19 pandemic generated
unprecedented stress in daily life. Although we do not offer
evidence on the possible benefits of the nature-related outcomes
measured, subsequent analysis will test for associations between
these outcomes and participants’ self-reported mental health (see
text footnote 1).

We also note that preferences for time in nature are not
universal, and some people may choose to spend less time
outdoors. While these preferences may vary by gender—women
often score higher than men on scales measuring connectedness
to nature (Cervinka et al., 2012; Wyles et al., 2019; Rosa et al,,
2020)—it is not clear that nature preferences vary consistently
by race or income. Literature that claims blacks and other non-
white groups are disconnected from nature has been challenged
by more recent and nuanced work, which finds little or no
difference in nature affinity between races and calls for greater
cultural sensitivity in how preferences are measured (Kellert
et al,, 2017; Taylor, 2018, 2021). In our study, women and non-
whites were more likely to report losing time in nature even
when controlling for nature relatedness, a scale that is similar
to others used to measure nature affinity (Howell et al., 2011;
Tam, 2013). Future qualitative research could help illuminate
the complexities between racial identity and preferences for
and barriers to accessing nature (e.g., Maurer et al., 2021).
Although our results do not allow us to say why we observe
demographic differences in frequency of nature use before and
during the pandemic, the observed racial and socioeconomic
disparities echo results from other studies: non-white and
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low-income groups have fewer urban green spaces (Rigolon,
2016; Landau et al., 2020; Spotswood et al., 2021) and greater
barriers to spending time in nature (Kellert et al.,, 2017; Scott
and Lee, 2018). Regardless of preferences, these inequities mean
that such groups are deprived the opportunity to capture nature’s
benefits to health and wellbeing. Populations living in the
greenest environments have the lowest income-related health
inequality (Mitchell and Popham, 2008).

The results from our study can also be viewed as contribution
toward understanding the unequal effects of disturbances on
vulnerable populations. Our results show that the COVID-
19 pandemic affected groups differently in how they reported
accessing nature and exacerbated existing inequalities. This is
consistent with the literature showing the unequal impacts of the
pandemic on other outcomes, including morbidity (Bui, 2020;
Gross et al., 2020; Karaca-Mandic et al., 2021), employment
(Montenovo et al., 2020; Weill et al., 2020), and childcare
(Heggeness and Fields, 2020; Heggeness et al., 2021). Together,
these trends are in line with broader research showing that
economic downturns, natural disasters, and climate change tend
to widen inequalities (Diffenbaugh and Burke, 2019; Hong
et al, 2021; van Bavel and Scheffer, 2021). On the other
hand, the COVID-19 pandemic may be unique in its effect
on nature exposure and access. By simultaneously limiting
peoples’ movement and limiting social engagement to outdoor
settings, the pandemic and associated lockdown measures acted
to prohibit and facilitate nature access via mechanisms that are
unlikely to exist in other disruptive events.

In addition to strict pandemic lockdowns during our survey
period, the United States saw heightened racial tensions. The
death of George Floyd and subsequent Black Lives Matter
protests occurred nationwide while our survey was in the field.
While it is unlikely that these events affected the nature access
outcomes measured in our survey, they do highlight the relevance
of this investigation. Racial inequities in the United States persist
in the criminal justice system, public health, education, and
other public services. Although access to nature is a minor
concern in comparison, environmental injustices are impactful
and widespread. Many of these injustices are related to where
people live—in green neighborhoods with park access, or in
under-resourced neighborhoods with poor infrastructure or
near polluting industries. Moreover, projections of population
and land use changes find that non-white and lower income
populations are more likely to lose out on a range of benefits
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