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Nature provides a myriad of intangible and non-material services to people. However, urbanites are increasingly
disconnected from the natural world. The consequences of this progressive disconnection from nature remain
difficult to measure as this process is slow and long-term monitoring or large-scale manipulation on nature
experiences are scarce. Measures to contain the spread of the recent COVID-19 pandemic (i.e., lockdowns) have
potentially reduced or even suppressed nature experiences in cities. This situation provided an opportunity for
conducting a longitudinal study that can serve as a sort of natural experiment to quantify the effects of nature
deprivation on individuals' health, well-being and relationship to nature. We collected data on these variables
from the same individuals inhabiting a large metropolis (Tel Aviv, Israel) twice, in 2018 (before) and during the
lockdown in 2020. Our results confirmed that frequency, duration and quality of nature interactions dropped
during the lockdown, while environmental attitudes and affinity towards nature remained similar. This was
particularly true for people living in the least green neighborhoods, where a significant decrease in personal and
social well-being was also found. Finally, affinity towards nature influenced well-being through nature experi-
ences in 2018. The mediation effect was not significant in 2020, probably due to the decrease in nature expe-
riences during the lockdown, but the direct relationship between affinity towards nature and well-being
remained strong. These results provide insights into the means required to align the public health and conser-
vation agendas to safeguard urbanites' health and well-being during a pandemic and mitigate the biodiversity
crisis.

1. Introduction

Nature experiences contribute to the well-being of individuals, and
this is particularly true in cities (Aronson et al., 2017; Soga and Gaston,
2016). These experiences also contribute to developing care for the
natural world, which can indirectly help mitigate the biodiversity crisis
(Clayton and Myers, 2010). However, increasing urbanization and
urban lifestyles have progressively disconnected individuals from nature
in a process called the ‘extinction of experience’ (Soga and Gaston,
2016). This pervasive process threatens humanity's well-being and may
aggravate the biodiversity crisis. Quantifying the deleterious effects of
the extinction of experience is challenging, as this process is slow and
gradual, and long-term monitoring of nature interactions is scarce. The
recent COVID-19 pandemic provided an opportunity to assess the con-
sequences of nature deprivation on health, well-being, and relationships
with nature (Soga et al., 2021).

* Corresponding author.

Local or national lockdowns were broadly implemented, at least in
some countries, to contain the spread of the virus and flatten the curve.
Because individuals were encouraged or forced to stay home or within a
close range to their home, the lockdowns most likely diminished or even
suppressed opportunities to experience nature (Day, 2020; Soga et al.,
2021). In some cases, illness or forced isolation may have prevented
people from visiting nearby nature. Alternatively, adoption of remote
working policies may have increased some individuals' available time
for nature interactions in their neighborhood (Derks et al., 2020; Soga
et al., 2021). At the same time, it is also possible that motivation to
interact with nature was affected; there is some evidence that the
importance of nature experiences increased during the lockdowns (da
Schio et al., 2021; Rousseau and Deschacht, 2020). In addition to
causing nearly a million human deaths worldwide, the pandemic has
diminished the health and well-being of many more individuals. An
increase in nature interactions during the pandemic could help mitigate
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some of the deleterious effects of the pandemic on mental health.
However, a decrease or even deprivation from nature experiences dur-
ing the pandemic could largely exacerbate the threat to human health.

Opportunities to experience nature and connection to nature are the
main drivers of nature experiences (Lin et al., 2014). Urban green spaces
provide opportunities for individuals to experience nature close to their
home. They can therefore contribute to urban dwellers' health and well-
being and promote care for the natural world. High quality nature in-
teractions (e.g., smell flowers, observe wildlife) are associated with
increased well-being benefits, connection to nature, ecological knowl-
edge and conservation behaviors (Colléony et al., 2020b; Prévot et al.,
2018). Understanding the changes in human interactions with nature
during the COVID-19 lockdowns and how these may have influenced
individuals' well-being and relationship with nature (connection to na-
ture, environmental attitudes and behaviors) can help identify means to
align public health and conservation agendas for a sustainable future.
Recent research efforts have focused on exploring such changes in na-
ture interactions during the pandemic. However, existing studies either
relied on perceived changes in nature interactions (Grima et al., 2020;
Randler et al., 2020) or measured changes through indirect data on
green spaces visitation (e.g., mobile phone geolocation) (Day, 2020;
Derks et al., 2020). To date, no longitudinal study, to our knowledge, has
compared experiences of nature before and during the lockdowns,
among the same individuals. Similarly, we are not aware of any study
that quantified changes in experiences of nature along with other fac-
tors, such as health or well-being. Although recent COVID-19 studies
provided us insights on changes in nature interactions during the
pandemic (e.g., da Schio et al., 2021; Rousseau and Deschacht, 2020),
our understanding of the extent to which changes in nature interactions
during the pandemic affected human health remains very limited.

In this study, we aimed to bridge this knowledge gap, conducting a
longitudinal study in which we quantified changes in urban nature ex-
periences, health, well-being, environmental attitudes and behaviors
before and during the COVID-19 lockdowns, among the same in-
dividuals. Specifically, we replicated a previous survey aiming to un-
derstand the complex network of relationships driving the extinction of
experience and explored: (1) how individuals perceived biodiversity and
green spaces during the COVID-19 lockdown; (2) how nature experi-
ences changed during the lockdown; and (3) what were the changes
associated with the deprivation from nature due to the lockdown in
individuals' health, well-being and relationship with nature.

2. Methods
2.1. Study design

We conducted a survey exploring nature experiences, individual
health and well-being, connection to nature and environmental attitudes
and behaviors. The same individuals answered the survey twice, during
spring 2018 and during the lockdown (spring 2020). The 2018 survey
comprised 523 adult residents of Tel Aviv, living along a gradient of
urban development (i.e. green, moderately green, and grey neighbor-
hoods; see Colléony et al., 2020a). In 2020, we replicated this survey by
reaching out to the individuals who answered the 2018 survey: 325
respondents of the 2018 survey consented to answer the survey in 2020.
Of these 325 respondents, 219 were living in the same place as in 2018
(i.e. they did not move). In 2018 and 2020, the survey was administered
during the same time of the year and through a market research com-
pany (iPanel), which offered respondents monetary compensation for
their time loss in return for participation. The questionnaire was
distributed in Hebrew and permission for this survey was granted by the
Technion Social and Behavioral Sciences Institutional Review Board
(approval number: 2018-025). No personal information (e.g., name,
contact information) was recorded in the surveys and only the market
research company was able to contact participants who had previously
registered to their services. Each participant was identified by a unique
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ID number that was identical for both surveys. All participants were
provided a brief description of the study and gave informed consent for
participation.

2.2. Questionnaire design

We strictly replicated Colléony et al. (2020a) by recording the
following variables:

2.2.1. Opportunity and orientation

We measured opportunity to experience nature through measures of
nature exposure and greenspace access around participants' address (see
Colléony et al., 2020a for details). We measured urban nature exposure
using respondents' approximate address and spatial analyses: we
calculated an average Normalized Difference Vegetation Index (NDVI)
score, the number of trees and the green space area within a 250 m
buffer around each respondent's home. Greenspace access was recorded
by asking respondents to report the average time (0-120 min) it takes
them to walk to the closest urban green space (urban park, public gar-
den, sidewalk) and reverse-coding values so that a low score of time to
walk (e.g., 5 min) becomes a high score (in this case, 115) of reported
proximity to urban green spaces (see Colléony et al., 2020a for details).

We measured orientation to nature using the short version of the
Nature Relatedness Scale (NR6; Nisbet and Zelenski, 2013), designed to
capture individuals' affinity towards nature. Inter-item reliability was
high (mean score; Cronbach's alphas 0918 = 0.88 and 03920 = 0.87).

2.2.2. Current and childhood experiences of nature

We measured the quantity of current experiences of nature by asking
respondents to estimate the average number of days per month (0 to 30)
they visit urban green spaces during the spring. As a measure of duration
of visits, we asked respondents to estimate the average duration of each
visit to urban green spaces, in a scale ranging from 0 to 420 min (7 h). To
assess the quality of nature interactions we followed Colléony et al.
(2020b) and recorded the extent to which, on average, participants
perform different nature-related behaviors (e.g., watch animals, observe
flowers) during their visits to green spaces during Spring. Inter-item
reliability was high (mean score; o918 = 0.88 and o020 = 0.88).

For childhood experiences, we asked respondents to report the
average time (0-120 min) it used to take them to reach different types of
open green spaces during their childhood (6-12 years old). We reverse-
coded the values as presented in the opportunity section and reported for
each participant the value of proximity to the nearest open green space
as a single measure of proximity to open green space during childhood, a
proxy for childhood experiences of nature (see Colléony et al., 2020a for
details).

2.2.3. Health and well-being

We measured health with two different variables. First, we used the
short version of the Depression, Anxiety and Stress Scale (DASS-21).
Inter-item reliability (ap018 = 0.89 and apg29 = 0.91) was high, so we
reversed the scores of each item and summed them to derive a single
positive measure of depression, with high score for respondents who have
low depression, i.e. better mental health. We also measured stress, with
the Perceived Stress Scale (Cohen et al., 1983). Inter-item reliability was
high (02018 = 0.86 and azg29 = 0.88). Items were reversed and summed
to derive a single positive measure of stress, with high score for re-
spondents with low level of stress, i.e. better mental health. Finally, we
also asked respondents to report their weight and height, for body mass
index (BMI) calculation (BMI = body mass / (body height)z), and the
number of days they performed a physical activity for more than 30 min
during the past week, as a measure of physical activity. We built an index
of BMI ranging from 1 poor to 3 good health condition, attributing 1 to
obese individuals (BMI > 30), 2 to individuals underweight (BMI <
18.5) and those overweight (25 < BMI < 29.9) and 3 to individuals with
normal weight (18.5 < BMI < 24.9) (CDC, 2021). Some studies have
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shown that self-reported BMI can be lower than the actual values (e.g.,
Roberts, 1995), yet sufficiently accurate for epidemiological studies
(McAdams et al., 2007). While our BMI values might be slightly reduced,
we expect these differences to be consistent between the surveys, as we
used the same method before and during the lockdown surveys, and
therefore this bias should not affect our results.

Following Luck et al. (2011), we used two different scales to measure
subjective personal (PWB) and neighborhood well-being (NWB). PWB
scale consists of nine items that represent different aspects of overall
satisfaction with one's life. NWB scale consists of nine items that rep-
resents residents' level of satisfaction with living in their neighborhood.
Inter-item reliability was high for both PWB and NWB (mean scores;
PWB: %2018 = 0.88 and %2020 = 0.90; NWB: %2018 = 0.94 and %2020 =
0.94).

2.2.4. Environmental attitudes and behaviors

Environmental attitudes were assessed through the 5-item reduced
version (Stern et al., 1999) of the New Ecological Paradigm (Dunlap
et al., 2000). Inter-item reliability was moderate (mean scores; tz018 =
0.60 and o920 = 0.68). We measured conservation behaviors based on
Cooper et al. (2015), with a subscale assessing environmental lifestyle
behaviors (3 items; e.g., ‘I recycle paper, plastic, metal’) and another
assessing conservation behaviors (6 items; e.g., ‘I made my yard or my
land more desirable for wildlife’). Inter-item reliability was high for
environmental lifestyle and conservation behaviors (mean scores;
environmental lifestyle: o918 = 0.74 and agp0 = 0.80; conservation:
2018 = 0.82 and az920 = 0.85) (see Colléony et al., 2020a for details).

2.2.5. Demographics

Both surveys recorded perceived income. We reported that the
average monthly income per household in Israel is 15,000NIS, and asked
each participant to rate, from 0 for low to 10 for high, their own
household's income (following Shwartz et al., 2012). In both surveys,
based on participants' address, we recorded the socioeconomic status of
the statistical area they live in (10-point scale, from 1 — low to 10 — high
socioeconomic status) (Tel Aviv GIS Department, 2018). The 2018 sur-
vey recorded age, education, and gender. The 2020 survey recorded the
number of respondents who have been tested positive or negative for
COVID-19, and the number of respondents who have not been tested but
showed symptoms.

2.2.6. Additional variable: perception of biodiversity and green spaces
during the lockdown

In addition to strictly replicating Colléony et al. (2020a), we devel-
oped a novel set of 14 statements assessing individuals' perceptions of
biodiversity and green spaces during the lockdown due to the COVID-19

| was glad to see that nature is repairing itself in the absence of human actions
| enjoyed hearing more birds than usual during the COVID-19 crisis
The COVID-19 crisis made me realized the importance of access to nature close to home

Visiting the green spaces close to my house contributed to my well-being during the COVID-19 crisis

Nature should be managed in cities, to safeguard individuals’ health
Itis great that wild animals recolonized urban areas during the COVID-19 crisis
I really enjoyed the green spaces close to my house during the COVID-19 crisis
I noticed more species around around my house during the COVID-19 crisis
The COVID-19 crisis made me discover the green spaces close to my house
The green spaces close to my house are very poor
I was not pleased by the green spaces close to my house during the COVID-19 crisis
| was afraid to visit green spaces during the COVID-19 crisis
cities during this COVID-19 crisis
Animals should be restricted in cities, as they are the source of many diseases

| was d to see wildlife

L]
N
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pandemic (Fig. 1). Respondents were asked to report the extent to which
they agree to each statement (1 strongly disagree to 5 strongly agree).

2.3. Statistical analyses

All spatial analyses were done using ArcGIS 10.5.1, and statistical
analyses using R 3.6.0 (R Core Team, 2013). We first checked and
confirmed that there were no socioeconomic differences between the
three types of neighborhoods (green, moderately green, and grey)
(Kruskal-Wallis test; X2 =4.32,df =2, p=0.11). We also confirmed that
income did not change from 2018 to 2020 (Wilcoxon paired test; V =
3947, p = 0.15). We conducted a factor analysis on the variables of
perception of biodiversity and green spaces during the lockdown: six
items loaded together on one factor (understood importance of access to
nature — 0.60, discovered green around home - 0.60, enjoyed green
around home - 0.81, visiting green around my home contributed to my
well-being — 0.85, enjoyed hearing birds — 0.58, noticed more biodi-
versity — 0.59), two items loaded on a second factor (prevent animals in
cities — 0.70, bothered to see animals — 0.78) and two items loaded on a
third factor (green around home is poor - 0.55, not happy green around
home - 0.51) while the four remaining items did not load on any factor.

We looked at respondents' perception of biodiversity and green-
spaces during the lockdown, based on all responses from the 2020 sur-
vey (N = 325). We then explored changes for each variable between the
two points in time for the three different types of neighborhoods (i.e.,
green, moderately green, and grey) using paired Wilcoxon tests as var-
iables were not distributed normally, based on data from respondents
who were in similar conditions (i.e., did not move, similar income) in
2018 and 2020 (N = 219). We controlled for multiple testing with the
Benjamini-Hochberg correction.

Finally, we tested the overall network of relationships between op-
portunity, orientation, experiences of nature, health, well-being, envi-
ronmental attitudes and behaviors using a structural equation model
(SEM), with lavaan package (Rosseel, 2012) using the 2020 survey data
and compared the resulting model to the same SEM from 2018 (Colléony
et al., 2020a). For the 2020 SEM analysis, we used the data from the 219
respondents who were in similar conditions in both surveys. Conven-
tionally considered fit indices in SEM literature have been taken into
account to assess the model fit, such as the Root Mean Square Error of
Approximation (RMSEA), the Comparative Fit Index (CFI) and the
Standardized Root Mean Square Residual (SRMR) (Schreiber et al.,
2006). Because data did not follow normal distribution, we used
maximum likelihood (ML) for estimating the model parameters, robust
standard errors based on a sandwich-type covariance matrix and the
Satorra-Bentler scaled test statistic to correct the model test statistics
(Rosseel, 2012).
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Fig. 1. Number and proportion (%) of respondents who agreed (green) or disagreed (red) with a list of statements exploring perception of nature and green spaces
during the COVID-19 pandemic in 2020, for a sample of Tel-Aviv inhabitants (N = 325). (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of this article.)
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We used each high-level variable as latent constructs (Fig. 4): for
instance, health was entered in the model as a variation combining the
score of depression, perceived stress, BMI and physical activity. De-
mographics (i.e. age, income, education, gender) were included as
covariates to demonstrate that the predicted relationships were not
driven by sociodemographic differences.

3. Results
Respondents who took part in both surveys (N = 345) were 60%

female, on average 42 + 13 years old, and lived in green (28%),
moderately green (36%) or grey (36%) neighborhoods of Tel-Aviv. The
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vast majority (N = 317) were not tested and showed no symptoms of
COVID-19. Overall, people showed appreciation for nature's role during
the lockdown. Most individuals were glad that nature was repairing it-
self in the absence of human action, enjoyed hearing more birds and
became more aware of the importance of access to nature close to their
home during the COVID-19 crisis (Fig. 1). About half of the respondents
reported that the green spaces around their home contributed to their
well-being (Fig. 1). Only few respondents were not satisfied with the
quality of the green spaces close to their home or showed fear of nature
or animals in the city during the lockdown (Fig. 1).

Comparing individuals who lived in the same apartment or house in
2018 and 2020 (N = 219, 29% in green, 39% in moderately green and
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Fig. 2. Comparisons of (a) frequency (number of days per month) and (b) duration (minutes per visit) of visits to urban parks, (c) nature interactions during nature
visits, and (d) number of days of physical activity during the past week, in 2018 before COVID-19 pandemic and in 2020 during the lockdown associated with the
COVID-19 pandemic, for a sample of Tel-Aviv inhabitants living in green (dark green), moderately green (light green) or grey (grey) neighborhoods (N = 219). (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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