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A B S T R A C T   

The current COVID-19 pandemics is a major threat to human populations. The disease has rapidly spread, 
causing mass hospitalization and the loss of millions of people mainly in urban areas which are hubs for 
contagion. At the same time, the social distancing practices required for containing the outbreak have caused an 
eruption of mental illnesses that include symptoms of depression, anxiety and stress. The severity of such mental 
distress is modulated by the context of media coverage and the information and guidelines from local health 
authorities. Different urban green infrastructures, such as gardens, parks, and green views can be important for 
mitigating mental distress during the pandemics. However, it is unclear whether some urban green in-
frastructures are more efficient than others in reducing mental distress or whether their effectiveness changes 
with the context. Here we assess the relative importance of different urban green infrastructures on the mental 
distress of residents of Rio de Janeiro, Brazil. We show that although urban parks and green views are important, 
home gardens are the most efficient in mitigating mental distress. This is likely related to the practice of self- 
isolation seen for the residents of Rio de Janeiro. Information on the efficiency of different urban green in-
frastructures in mitigating mental distress can be important to help guide programs to inform the public about 
the best practices for maintaining mental health during the current outbreak. This can also help planning cities 
that are more resilient to future pandemics.   

1. Introduction 

The current pandemic of the new coronavirus SARS-CoV-2 which 
causes the disease (COVID-19) is profoundly affecting human pop-
ulations. Recent data shows that the coronavirus has infected more than 
136 million people worldwide, causing the death of almost 3 million 
people and the cases are still increasing (World Health Organization, 
2020a). 

While the first vaccines are starting to be made available to the 
public, mass vaccination is still not possible and the only effective 
measure to control the COVID-19 transmission is through social 
distancing (Abouk and Heydari, 2021; Thunström et al., 2020). Coun-
tries around the world have restricted national and international trav-
elling and promoted the temporary closure of businesses, schools, and 
universities (Courtemanche et al., 2020). In many cases this has 
restricted access to public green spaces, such as parks (Slater et al., 
2020). Such containment measures are especially important in urban 

areas which are major hubs for the transmission of infectious diseases 
(Santiago-Alarcon and MacGregor-Fors, 2020). In many cities around 
the world, strong restrictive measures were necessary, including 
stay-at-home orders, lock-down, and quarantine which further social 
distancing (Lau et al., 2020). 

COVID-19 related social distancing can have profound effects on 
mental health (Bao et al., 2020; Rossi et al., 2020). Social distancing 
affects people`s daily routine, causing isolation from beloved ones and 
deprivation of personal liberties which can lead to depression and 
anxiety (Venkatesh and Edirappuli, 2020). Depression can be related to 
increased frustration, boredom, and low mood (Lovibond and Lovibond, 
1995). While anxiety can be related to panic attacks, fear, and trembling 
(Lovibond and Lovibond, 1995). Such symptoms can increase in 
response to fear of contagion and inaccurate information about the 
pandemic which can be determined by how media communicate the 
health crisis and the containment actions defined by local government 
(Brooks et al., 2020; Coelho et al., 2020; Shigemura et al., 2020). 
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Mitigating mental distress during the COVID-19 pandemic has been 
of major concern. Governments and health professionals are being called 
upon to increase awareness of the public about the actions to alleviate 
mental distress derived from social distancing (Wang et al., 2020). The 
World Health Organization has publicized a series of advices to support 
mental health and psychosocial wellbeing such as practicing a healthy 
lifestyle (World Health Organization, 2020b). Healthy activities that 
include interaction with nature can be highly beneficial for mental 
health during the pandemic, especially in urban areas which are the 
epicenter of the outbreak (Gross et al., 2020). 

Urban green infrastructures are known to be important for the 
mental health of the urban population and the COVID pandemic has 
strengthened such awareness (Grima et al., 2020; Soga et al., 2021). 
Urban green infrastructure includes parks, home gardens, street trees 
and any other form of greening that is embedded in the urban matrix 
which has an ecological function and provides ecosystem services 
(Childers et al., 2019). While many of such structures have important 
benefits for mental health, they can differ in the way such mental health 
benefits are delivered. For example, green areas such as urban parks 
provide an immersion experience in nature, free access to physical ac-
tivity, and social interaction with local residents which can reduce stress 
and enhance emotional well-being (Chiesura, 2004; Liu et al., 2017). 
Home gardens provide direct contact with nature and gardening activ-
ities which reduce stress, anger, fatigue, depression and anxiety (de Bell 
et al., 2020; Soga et al., 2017). Gardens are also important for providing 
nature contemplation which can reduce anger, confusion, and anxiety 
(Lee, 2017). Neighborhood greenness allows for an indirect experience 
by viewing nature through the window which increases life satisfaction 
and attention, reducing depression and anxiety (Soga et al., 2020). 
Increasing evidence shows that urban green infrastructure, especially 
parks, gardens, and nearby greenness can reduce mental distress during 
the COVID-19 pandemic (Hanzl, 2020; Soga et al., 2020). However, we 
currently do not understand whether some green infrastructures are 
more efficient than others or whether their effectiveness in reducing 
mental distress changes as the COVID-19 pandemic progresses. 

In this study, we evaluate the role of different urban green in-
frastructures (ie. parks, home gardens and green view) in mitigating 
mental distress during the current COVID-19 pandemic. Untangling the 
relative importance of different urban green infrastructures in reducing 
mental distress can be crucial to help guide programs to inform the 
public about the best practices for maintaining mental health during the 
pandemic. 

2. Methods 

We surveyed the residents of the city of Rio de Janeiro, Brazil. Rio is a 
densely populated municipality with an estimated 6,747.815 habitants 
(IBGE, 2021). Like many other major urban areas in the world, Rio has 
been recording a high number of COVID-19 cases. At the time of this 
study (November 6th 2020) Rio de Janeiro had 314,809 people infected 
and 20,849 deaths related to COVID-19 (Brasil.IO, 2021). The need for 
social distancing was advised by health authorities but no stay-at-home 
orders were in place. 

2.1. Data collection and spatialization 

We used a questionnaire made available online for 80 days 
(November 6th 2020 to January 24th 2021) through GoogleDocs™. The 
questionnaire was publicized through email lists and social media. 
Participation was voluntary and participants were asked to fill the 
questionnaire and distribute it further, creating a snowball effect. A total 
of 173 participants answered the questionnaire. Data collection was 
approved by the committee on human research ethics of the Uni-
versidade do Estado do Rio de Janeiro (CEP-UERJ 4.380.516). Partici-
pants were required to indicate being of legal age (18+) and to provide 
their postal code. 

We used the postal code to assess the distance of participants to 
parks. Distance from parks was estimated as the shortest Euclidean 
distance between the postal code and the nearest parks by using the 
“spatial analyst” extension of ArcGIS 10.6. ©. Also, we evaluated the 
spatial distribution of participants within the city of Rio de Janeiro using 
the Average Nearest Neighbor Analysis (ANNA) from ArcGIS©. ANNA 
was used to estimate the Euclidean distance between a participant and 
the nearest neighbor. The nearest neighbor distances of all participants 
are then averaged and divided by the expected average neighbor dis-
tance (a simulated hypothetical random distribution). This ratio in-
dicates whether the distribution of participants clustered (ratio <1) or 
dispersed (ratio >1). A Z-test is applied to test if the observed average 
nearest neighbor distance is different from the simulated random 
distance. 

The questionnaire included 6 questions divided in 3 sections that 
assessed mental health, lifestyle/socioeconomic aspects, and interaction 
with urban green infrastructure (Table 1). 

2.2. Mental health indicators 

We used the Depression, Anxiety and Stress scale 21-DASS 21 
(Lovibond and Lovibond, 1995) to estimate the level of mental distress 
of each participant. We used the DASS 21 version previously translated 
and validated to be used in Brazil (Vignola and Tucci, 2014). The 
DASS-21 is a list of 21 negative emotional symptoms. The list is equally 
divided into symptoms related to depression, anxiety, and stress (7 items 
each). Participants were asked to indicate the severity of each symptom 
on the past week using a scale from 0 to 3. Where 0 indicates the 
symptom was not experienced in the last week and 3 suggest the 
symptom was experienced most of the time. We used the DASS-21 as a 
general mental distress score, as suggested by Zanon et al. (2020). We 
estimated mental distress by summing the scores from all symptom 
groups per participant multiplied by a factor of 2. The mental distress 
score ranges from 0 to 126 and values higher than 60 indicate severe 
mental distress (Lovibond and Lovibond, 1995). 

Table 1 
Questions related to lifestyle/socioeconomic aspects and exposure to green 
infrastructure. The questionnaire was made available online between November 
6th 2020 and January 24th 2021. All respondents were of legal age (18+) living 
in the city of Rio de Janeiro.  

Questions Answer scale 

Lifestyle and socioeconomic  
The summed income of all people that 

live in your home is equal to how 
many times the minimum stiped? 

Participants were asked to indicate one 
of the following options: up to 2, between 
2− 3, between 3− 5, between 5− 6, 
between 6− 8, between 8− 10, between 
10− 15, between 15− 20, between 
20− 30, more than 30. 

During this pandemic, how many times 
on average did you leave home for 
non-essential activities (leisure, malls, 
events)? 

Participants were asked to indicate one 
of the following options: 1− 2 times a 
week, 3− 4 times a week, 5− 6 times a 
week, 6− 7 times a week, at each 15 days, 
once a month or greater interval, never. 

Exposure to green infrastructure  
During this pandemic, how frequently 

did you leave your home for visiting 
green areas such as parks or the 
beach? 

Participants were asked to indicate one 
of the following options: 1− 2 times a 
week, 3− 4 times a week, 5− 6 times a 
week, 6− 7 times a week, at each 15 days, 
once a month or greater interval, never. 

How many trees can you see through the 
windows of your house? 

Participants were asked to indicate one 
of the following options: none, 1− 2, 
3− 4, 5− 6, 7− 8, 9− 10,11− 12, 13− 14, 
15 or more. 

Do you take care of any plants in your 
home? How many? 

Participants were asked to indicate one 
of the following options: none, 1− 3, 
4− 6, 7− 9, 10− 12, 13− 15, 16− 18, 
19− 21, 22 or more. 

Is there a garden in your house? Participants were asked to indicate one 
of the following options: yes, no.  
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2.3. Lifestyle and socioeconomic factors 

We asked each participant to indicate gender. Only one participant 
indicated non-binary gender and was removed from all statistical anal-
ysis. Participants were also asked to indicate household income (the sum 
salary of all family members living in the same household). Household 
income was ranked from 1 to 10 (Table 1). Where 1 represents families 
with monthly earnings of up to two times the minimum wage in Brazil 
and 10 represents families with monthly earnings that are greater than 
30 times the minimum wage. 

Because social distancing was advised but no strict social isolation 
measures were in place (quarantine or lock-down), we asked partici-
pants to indicate the frequency they left their homes for non-essential 
activities during the pandemic (eg. visiting malls, social events). We 
ranked the answers from 0 to 6 to estimate the intensity of non-essential 
activities. Where 0 represents participants that did not leave home for 
non-essential activities and 6 represents participants that frequently left 
home for non-essential activities (Table 1). 

2.4. Exposure to green infrastructure 

Participants were asked to indicate the average frequency they 
visited parks, including beach, during the pandemics. We ranked the 
answers from 0 to 6 to estimate the use of parks (Table 1). Where 
0 represents no visits and 6 represents high frequency of visits. Partici-
pants were also asked to indicate how many trees they could see through 
the window. We ranked the answers from 0 to 8 to estimate the amount 
of green view from inside the house (Table 1). Where 0 represents no 
trees and 8 represents a large number of trees (15 or more). Participants 
were asked to report how many plants they take care of. We ranked the 
answers from 0 to 8, to estimate the intensity of gardening activities. 
Where 0 represents not taking care of any plants (no gardening) and 8 
represents taking care of 22 or more plants (intense gardening). Lastly, 
participants indicated whether they live in a house with a garden. 

2.5. Statistical analyses 

We built a linear mixed model (LMM) to assess the relative impor-
tance of different green infrastructures on improving mental distress. We 
used mental distress as a response variable. While the visit to parks, 
green view, home garden, gender, distance from parks, non-essential 
activities, and plants taken care of were fixed factors. Household in-
come was included as a random factor. We included income, gender, and 
distance from parks in our models because evidence shows that these are 
important factors related to mental health during the COVID-19 
pandemic (Sturm and Cohen, 2014; Vindegaard and Benros, 2020). 
We include the number of plants taken care of as a proxy for the direct 
interaction of respondents with green infrastructure trough gardening. 
We included the frequency of non-essential activities because 
self-imposed strict social distancing can be used as a proxy of fear of 
contagion. 

We fitted the LMM model with the lme4 package for R (Bates et al., 
2015). Variables were scaled as needed. Model fit was evaluated visually 
using Q-Q plots. We assessed the predictors for multicollinearity with 
the VIF function of the car package for R (Fox and Weisberg, 2011). The 
variances explained by both fixed plus random factor (conditional R 
square, R2

c), and the variance explained only by the fixed factors 
(marginal R square, R2

m) were estimated using the “r.squaredGLMM” 
function of the R package MuMIn. 

We plotted the estimated coefficient for each fixed factor on a for-
estplot using the function “plot_model” of the package sjPlot (Lüdecke, 
2021). All deviations are shown as standard error of the mean. 

3. Results 

Our spatial analysis show that participants live relatively close to 

natural parks (2 ± 0.13 km) (Fig. 1) being distributed in small clusters 
across the city of Rio de Janeiro, similarly dispersed around parks (Z- 
score= -9,99, p-value<0.001) (Supplementary material, Fig. S1). At the 
time of the survey, participants had moderate levels of mental distress 
(42.2 ± 2 DASS score) (Supplementary material, Fig. S2). Most are Fe-
males (77 %) with a household income between 3− 5 times the minimum 
wage (21 %) (Supplementary material, Figs. S3 and S4). At the time of 
the survey, most participants rarely or never left home for non-essential 
activities (34 % and 25 % of participants, respectively) (Supplementary 
material, Fig. S5) 

The interaction with urban green infrastructure show that partici-
pants never or rarely visited parks (41 % and 28 % or participants) 
(Supplementary material, Fig. S6). The number of trees seen through the 
window ranges from 15 or more (22 % of participants) to none or a few 
(20 % and 17 % of participants, respectively) (Supplementary material, 
Fig. S7). The number of participants with and without home garden was 
similar (45 % and 55 %, respectively) and most were not actively 
involved in taking care of plants (a proxy for gardening) (34 % of par-
ticipants) (Supplementary material, Figs. S8 and S9). 

Our model (R2
c = 0.23 and R2

m = 0.21) shows that gender and home 
garden are the most important predictors related to the reduction of 
mental distress during the COVID-19 pandemic (LMM model co-
efficients: -6.9 and -5.2, respectively) (Fig. 2) (Supplementary material, 
Table S1). While visit to parks, a green view and taking care of plants 
have a smaller relative importance in reducing mental distress (LMM 
model coefficients: -1.9, -0.7 and -0.5, respectively) (Supplementary 
material, Table S1) (Fig. 2). The increased distance from parks and 
leaving home for non-essential activities had a minor relative impor-
tance in enhancing mental distress (LMM model coefficients: 1.1 and 
0.4, respectively) (Supplementary material, Table S1) (Fig. 2). 

4. Discussion 

The current COVID-19 pandemics has impaired mental health of 
human populations (Rajkumar, 2020; Rossi et al., 2020). Indicators of 
mental distress including symptoms of stress, anxiety and depression 
have increased mainly in urban areas which are hubs for COVID-19 
pandemic (Gross et al., 2020; Santiago-Alarcon and MacGregor-Fors, 
2020). Here we show that gender and urban green infrastructures are 
important factors determining mental distress during the pandemic, 
irrespective of household income. Specifically, our data expose that the 
different urban green infrastructures have varying importance for 
mitigating mental distress. 

The effect of gender on mental health during the COVID-19 pan-
demics has been largely documented. Women`s mental health is 
severely affected by the pandemic mainly because of gender-based 
violence (Sediri et al., 2020). Also, women experience additional 
stressors related to reproductive functioning such as pregnancy, post-
partum, and miscarrying which further the risk of developing mental 
health problems during the pandemics (Almeida et al., 2020). Although 
gender is the most important predictor of mental distress in our data 
(Fig. 2), an in-depth discussion on gender-related mental health during 
COVID-19 pandemics is beyond the scope of this paper. Further infor-
mation on that topic can be found in recent reviews (Connor et al., 2020; 
Thibaut and van Wijngaarden-Cremers, 2020). 

Multiple evidence shows that urban green infrastructures can be 
important for mitigating mental distress during the COVID-19 pandemic 
(Hanzl, 2020; Pouso et al., 2021; Soga et al., 2020). The use of parks, a 
green view from the window, and home gardens are all related to 
increased life satisfaction and reduced levels of loneliness, depression, 
anxiety, and stress related to COVID-19 pandemic (Corley et al., 2021; 
Pouso et al., 2021; Soga et al., 2017). The use of parks has been specially 
recommended as an important factor in mitigating mental distress 
during the outbreak (Slater et al., 2020). However, our data show that 
while all urban green infrastructures have the potential for reducing 
mental distress during the pandemic, home gardens can be more 
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important in reducing mental distress of residents of Rio de Janeiro. 
The process of taking care of plants, working on a garden and 

keeping the garden attractive (ie. gardening) has long been considered 
to help promoting mental health (Parr, 2007). Gardening reduces 
depression, anxiety, and stress symptoms (Soga et al., 2017). This is 
especially the case for urban population, for which gardening may be 
one of the few activities allowing direct interaction with nature in cities 
(Lin et al., 2018). However, our model show that gardening has a much 
lower importance than having a home garden. This suggests that gar-
dens can have an important added contemplative value. Visual inter-
action with gardens can reduce anger, confusion and anxiety (Lee, 
2017). Indirect interactions can also include non-visual experiences, 
such as listening to bird songs, which also improve mental health 
(Ratcliffe et al., 2013). 

In the context of the pandemic, where people fear being infected and 

are encouraged to stay home, gardens can play a disproportionate role. 
The severity of the outbreak, inaccurate information from local gov-
ernment or media can increase fear of contagion or fear of the unknown 
(Coelho et al., 2020). Fear of contagion will likely reduce mental health 
benefits obtained from outdoor activities and can help explain why in 
some regions there was a reduction in park visitation during the pan-
demics (Ugolini et al., 2020). Our data suggest that at the time of the 
interview, people feared contagion and self-isolated, despite no 
stay-at-home orders being in place. The effect of fear can also help 
explain why distance from parks, an often important predictor of mental 
health (Sturm and Cohen, 2014), has a small relative importance during 
the covid outbreak. Alternatively, the weak relationship between dis-
tance from parks and mental health can be related to the high number of 
parks in the city of Rio de Janeiro which allow most of the residents to 
live relatively close to parks (2 km away, on average). 

Taking into account the context-dependency of the interaction be-
tween mental health and urban green infrastructure can be fundamental 
for better informed actions for mitigating mental distress during the 
COVID-19 pandemics. Early in the outbreak, some governments issued 
orders to restrict the access to parks (Slater et al., 2020). This caused 
debate and recommendations for keeping parks open, under the argu-
ment that exposure to nature in green spaces is important for mental and 
physical health (Slater et al., 2020). However, our study suggests that, in 
some cases, park visitation may not be the most effective way to mitigate 
mental distress during the pandemic. We suggest future governmental 
action to first assess the mental health benefits of parks compared to 
other urban green infrastructures before taking action. This can be 
performed relatively fast thought on-line questionnaires. As the 
pandemic progresses, the perceived fear of contamination will likely 
change, and this can affect the mental health benefits obtained from 
different urban green infrastructures. This exposes that recommenda-
tions of use and type of urban green infrastructure with the best mental 
health benefits need to be re-accessed over time. 

Despite providing important information about the context de-
pendency of the mental health benefits provided by urban green infra-
structure, this study has limitations. We were not able to determine a 
cause-and-effect relationship between home garden and reduction of 
mental distress because of the cross-sectional nature of our study. It is 
possible that respondents with better mental health tend to have home 

Fig. 1. Distribution of participants in the survey. The city of Rio de Janeiro`s limits are marked in black. Symbols (red dots) represent the location (postal code) of 
each participant. Map was built using ArcGIS 10.6. © (for interpretation of the references to colour in the Figure Legend, the reader is referred to the web version of 
this article). 

Fig. 2. Linear mixed model coefficients. The model assessed the effect of 
different green infrastructures on mental distress. Where mental distress was 
the response variable and visits to parks, green view from the window, having a 
home garden, gender, distance from parks, practicing non-essential activities 
outdoors and gardening (number of plants taken care of) fixed factors. 
Household income was used as a random factor and it is not included in the 
figure. Bars represent 95 % confidence intervals and symbols show model co-
efficient for each factor. 
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gardens. Also, most participants in our study were females (77 %) and 
because females are more mentally affected by the COVID-19 pandemics 
(Pieh et al., 2020) our mental distress estimates can be inflated. Par-
ticipants in our survey were spatially well distributed, suggesting a good 
representation of the different social contexts within the city. However, 
a relatively low number of participants answered our questionnaire. 
This can impair broad generalizations and predictions based on our data. 
Despite that, our study raises important hypotheses about the context 
dependency of the relationship between mental health and urban green 
infrastructure during the COVID-19 pandemics. Further studies with a 
larger number of respondents, which consider how the mental 
health-urban green infrastructure relationship changes through time as 
the pandemic develops, will be fundamental to better understand how 
urban green infrastructures can help mitigate mental distress. 

5. Conclusion 

The current COVID-19 pandemic exposed the urgency of planning 
cities for future global health crisis (Allam and Jones, 2020). In such 
planning, nourishing and protecting urban green spaces seems funda-
mental (Rodgers, 2020). Our study suggests that while multiple urban 
green infrastructures have a role in mitigating mental distress during the 
COVID-19 pandemic, their effectiveness can vary with context, being 
affected by how urban residents perceive and behave when facing the 
risk of contagion. We suggest that planning for a diverse range of urban 
green infrastructures such as parks, gardens, and street greening is 
important for maintaining a dynamic provisioning of mental health 
benefits under health crisis. This can be fundamental for social resiliency 
of cities in future pandemics (Pamukcu-Albers et al., 2021). 
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Marin, A.M., Pearlmutter, D., Saaroni, H., Šaulienė, I., Simoneti, M., Verlič, A., 
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