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Abstract. The COVID-19 pandemic and its global response have resulted in unprece-
dented and rapid changes to most people’s day-to-day lives. To slow the spread of the virus,
governments have implemented the practice of physical distancing (“social distancing”), which
includes isolation within the home with limited time spent outdoors. During this extraordinary
time, nature around the home may play a key role in mitigating against adverse mental health
outcomes due to the pandemic and the measures taken to address it. To assess whether this is
the case, we conducted an online questionnaire survey (n = 3,000) in Tokyo, Japan, to quantify
the association between five mental health outcomes (depression, life satisfaction, subjective
happiness, self-esteem, and loneliness) and two measures of nature experiences (frequency of
greenspace use and green view through windows from home). Accounting for sociodemo-
graphic and lifestyle variables, we found that the frequency of greenspace use and the existence
of green window views from within the home was associated with increased levels of self-es-
teem, life satisfaction, and subjective happiness and decreased levels of depression, anxiety,
and loneliness. Our findings suggest that a regular dose of nature can contribute to the
improvement of a wide range of mental health outcomes. With the recent escalation in the
prevalence of mental health disorders, and the possible negative impacts of the COVID-19
pandemic on public mental health, our findings have major implications for policy, suggesting
that urban nature has great potential to be used as a “nature-based solution” for improved
public health.

Key words: ecosystem services; global change; nature-based intervention; nature-based solution; person-
alized ecology; public health; urban greenspace; urbanization.

INTRODUCTION

Since the first case of the novel coronavirus disease

(COVID-19) was diagnosed in December 2019 in

Wuhan, China, it has spread throughout the world with

alarming speed. This has led to extensive and widespread

efforts to contain its spread. Along with the widespread

use of masks, many governments globally have encour-

aged or mandated the practice of isolation and physical

distancing (so-called “social distancing”; Lewnard and

Lo 2020). The outcome of this is an unprecedented and

rapid change in most people’s day-to-day lives with

many people currently spending the majority of their

time at home in isolation from others. While these mea-

sures are proven to be effective in reducing the spread of

the disease, they are inevitably likely to have huge nega-

tive consequences for personal mental health and well-

being in both the short and long terms (Galea et al.

2020). Indeed, recent evidence suggests that the adop-

tion of physical distancing, as well as fears of contract-

ing the COVID-19 virus, are likely resulting in mental

disorders, such as depression and increased sense of

loneliness (Killgore et al. 2020, Li and Wang 2020,

Rajkumar 2020).

During this extraordinary time, nature around the

home might play a key role in mitigating against the risk

of adverse mental health outcomes. This hypothesis stems

from growing empirical evidence of the human health

and well-being benefits of direct experiences with nature

(Keniger et al. 2013, Russell et al. 2013, Hartig et al.

2014, Soga and Gaston 2016, Bratman et al. 2019). For

example, visiting greenspaces is known to increase posi-

tive emotions such as life satisfaction, happiness, and self-

esteem (Pretty et al. 2005, MacKerron and Mourato

2013, Ambrey and Fleming 2014) as well as decrease neg-

ative emotions such as depression, anxiety, and stress

(Roe et al. 2013, Shanahan et al. 2016). Indeed, recent

studies reported that people’s use of urban greenspaces

(e.g., parks, forests) has increased substantially after the

COVID-19 pandemic (e.g.. Derks et al. 2020, Venter et al.

2020), suggesting that these environments can serve as
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important health resources for urban residents (Slater

2020). It remains unknown, however, how proximity to

nature contributes to mental health patterns during a

times of crises such as the COVID-19 pandemic. Knowl-

edge gained in this area has the potential to inform the

development of public health policies aimed at improving

health of a population.

While not ideal, it is possible for people to receive

mental health benefits from nature from within their

homes without having to physically visit natural environ-

ments (Russell et al. 2013, Cox et al. 2017b). One notable

“less immediate” experience of nature (sensu Soga and

Gaston 2020) is viewing nature through windows from

the home. To a greater or lesser extent, and either con-

sciously or unconsciously, most people can have this type

of experience every day (Cox et al. 2017a, Soga and Gas-

ton 2020). Recent studies showed that nature views

through windows are associated with a wide range of

improved mental health outcomes, such as increased life

satisfaction and well-being, attention restoration, and

stress recovery (e.g., Dravigne et al. 2008, Gilchrist et al.

2015, Li and Sullivan 2016, Chang et al. 2020). Knowing

how “more immediate” (physically present in a natural

environment) and “less immediate” (viewing nature

through a window) nature experiences are associated

with improved mental health outcomes might allow us

to design urban areas and nature-based interventions

and programs for “happier” urban populations.

We surveyed 3,000 residents of Tokyo, central Japan,

the world’s largest megacity, to determine the associa-

tion between five mental health outcomes (depression,

life satisfaction, subjective happiness, self-esteem, and

loneliness) and two measures of nature experiences (vis-

iting urban greenspaces and green view through win-

dows from home). People’s mental health statuses are

commonly affected by various sociodemographic and

lifestyle factors, such as age, sex, and annual household

income (Shanahan et al. 2016, Cox et al. 2017b). Thus,

we adjusted for socioeconomic and lifestyle variables in

our analyses to facilitate the detection of the effects of

nature experiences distinct from other potential con-

founding factors.

METHODS

Study area

Tokyo has a human population of ~14.0 million and

occupies an area of 2,194 km2 (Tokyo Metropolitan

Government 2020). Tokyo was placed under a state of

emergency due to the COVID-19 crisis from 7 April until

25 May 2020. People were asked to refrain from non-

essential excursions and schools and businesses were

requested to close unless necessary. This measure was

not compulsory, however, with no legal weight and could

not be enforced. Thus, while some facilities within parks,

such as playgrounds and car parks were closed, people

were still able to use public parks freely.

Survey design

An online questionnaire survey delivered through a

market research company (Rakuten Insight, Japan) was

completed over a 3-d period in early June 2020 by 3,000

adults who are enrolled in their survey database. Early

June is a period of reasonably mild weather (prior to the

rainy season and the onset of higher summer tempera-

tures) when people are most likely to engage with nature

around their home making it an ideal time to conduct

the survey. The survey assessed three aspects of the rela-

tionship between mental health and nature experiences

within Tokyo: (1) mental health (depression and anxiety,

self-esteem, life satisfaction, subjective happiness, and

loneliness; Table 1); (2) levels of experiences with nature

(frequency of greenspace use and green views from win-

dows of home; Table 2); and (3) lifestyle and sociodemo-

graphic information (frequency of smoking, alcohol use,

age, gender, annual household income; Table 3).

Participants were also asked to provide a postcode of

the area where they currently live so that the greenness

of their current residential environment could be

assessed (see Neighborhood greenness). The survey took

approximately 20 minutes to complete per participant.

Participation in the survey was considered as consent.

The survey was anonymous and no identifiable details

(e.g., name, address) were collected from the partici-

pants. This study was conducted with approval from the

ethics committee of the University of Tokyo.

Mental health

Participants provided self-reported information on

five mental health outcomes (Table 1): depression and

anxiety, self-esteem, life satisfaction, subjective happi-

ness, and loneliness.

To measure participants’ mental health outcomes, we

used well-established psychological scales (see Table 1

for more details). For all five health measures, we used

the Japanese-translated version of the scales.

Nature experience

For each respondent, we generated three measures of

the experience of nearby nature (Table 2): frequency of

greenspace use (“more immediate” experience), duration

of greenspace use (“more immediate” experience), and

green view through windows from home (“less immedi-

ate” experience).

Lifestyle and sociodemographic factors

We collected several lifestyle and sociodemographic

variables that potentially affect people’s mental health

(see Table 3 for the full list and description of the life-

style and sociodemographic variables we used). Lifestyle

variables included the frequency of smoking and drink-

ing alcohol, number of working days per week, the
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presence of a pet in the home, and the number of chil-

dren in the home. Sociodemographic variables included

sex, age, annual household income, and housing type.

With the sociodemographic section, we also asked the

respondents to report the degree of income changes due

to the COVID-19 crisis, which was additionally used as

a sociodemographic variable.

Neighborhood greenness

For each participant we measured the greenness of the

home environment. To do so, we calculated the Normal-

ization Different Vegetation Index (NDVI) within a 250-

m buffer around the centroid of each respondent’s

postcode. NDVI, which is derived from satellite observa-

tions, is one of the most extensively applied vegetation

indices for quantifying the presence, density, and condi-

tion of vegetation (Pettorelli et al. 2005). Recent studies

showed that NDVI is a good predictor of general urban

greenness (i.e., density of street trees) (e.g., Gascon et al.

2016, Reid et al. 2018). We chose a 250-m buffer as a

neighborhood zone because this is the distance that was

considered to influence what a person can experience in

their daily lives (Cox et al. 2017b). In our preliminary

analysis, we considered several different sizes of the buf-

fer (e.g., 500 m, 1,000 m) and confirmed that the buffer

size did not affect the results of the analysis essentially.

All spatial analyses were performed using QGIS 3.10

TABLE 1. Five mental health outcomes considered in this study.

Mental health
outcome Psychological scale used Example questions

Mental
health
metric Answer scale

Self-esteem Rosenberg Self-Esteem
Scale (Rosenberg 1965)

“On the whole, I am
satisfied with myself.”
“I feel I do not have much
to be proud of.”

positive Respondents were asked to rate the extent
to which they agree with the 10 items on
a four-point scale, ranging from 0
(strongly disagree) to 4 (strongly agree)
for positive items, and the scores reversed
when the items are negative. The scores
across the 10 items were summed,
ranging from 0 to 40, with higher values
indicating greater self-esteem.

Life
satisfaction

Liang’s (1984) version
of the Life Satisfaction
Index A (Neugarten
et al. 1961)

“This is the dreariest time of
my life.”
“I would not change my
past life even if I could
do.”

positive Respondents were asked to rate the extent
to which they agree with the 11 items on
a three-point scale, ranging from 0
(disagree) to 2 (agree) for positive items,
and the scores reversed when the items
are negative. The scores across the 11
items were summed, ranging from 0 to
22, with higher values indicating greater
life satisfaction.

Subjective
happiness

Subjective Happiness
Scale (Lyubomirsky
and Lepper 1999)

“In general, I consider
myself: . . .”
“Some people are generally
very happy. They enjoy life
regardless of what is going
on, getting the most out of
everything. To what extent
does this characterization
describe you?”

positive Respondents were asked to answer the
four items on a seven-point scale, ranging
from 1 (very unhappy or not at all) to 7
(very happy to a great deal). The scores
across the four items were summed,
ranging from 4 to 28, with higher values
indicating greater happiness.

Loneliness UCLA Loneliness Scale
(Version 3) (Russell
1996)

“How often do you feel
alone?”
“How often do you feel
close to people?”

negative Respondents were asked to answer the 20
items on a four-point scale, ranging from
1 (never) to 4 (often) for negative items,
and the scores reversed when the items
are positive. The scores across the 20
items were summed, ranging from 20 to
80, with higher values indicating greater
loneliness.

Depression
and anxiety

12-item General Health
Questionnaire
(Goldberg and
Williams 1988)†

“Have you recently been
able to concentrate on
what you’re doing?”
“Have you recently lost
much sleep over worry?”

negative Respondents were asked to answer the 12
items. For each question, responses
indicating distress score 1 and those
indicating no or limited distress score 0.
The scores across the 12 items were
summed, ranging from 0 to 12, with
higher values indicating greater
symptoms of depression.

Note: We used the resultant variables as the response variables in our analysis.
†This is the most extensively used self-reporting instrument for measuring common mental disorders, such as depression and anxiety

(Lundin et al. 2016).
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software (Quantum GIS Development Team 2020). The

NDVI data downloaded from the Copernicus Open

Access HUB (data available online).4 We calculated

NDVI values from Level-1C images of the Sentinel-2

mission (taken on 8 May 2017) that has spatial resolu-

tion of 10 m.

Statistical analysis

Since the frequency and duration of greenspace use

were highly correlated (r(2,998) = 0.696, P < 0.0001), we

only used the frequency measure in the latter analysis

and termed this variable “greenspace use.”

To determine the key factors that predict mental

health outcomes we fitted linear models (LMs) using the

mental health metrics (Table 1) as our response variables

and the green space use, green view (Table 2), neighbor-

hood greenness (NDVI), lifestyle, and sociodemographic

measures as predictors (Table 3). To allow direct com-

parisons, we scaled all our continuous predictors to have

a mean of zero and a standard deviation of one. We also

scaled our response variables in the same manner to aid

interpretation and comparisons. We conducted a model

averaging procedure using Akaike’s Information Crite-

rion corrected for small sample sizes (AICc; Burnham

and Anderson 2002). We fitted all subsets of a full model

that contained all of our predictor variables and per-

formed model averaging on all models within DAICc = 6

TABLE 2. Three measures of nature experiences used in this study; we used the resultant variables as predictor variables in our
analysis.

Measure Question Answer scale

Frequency of greenspace (“more
immediate” experience)

During the last month (i.e., May), how
many days in total did you visit
neighborhood greenspace (e.g., parks,
woodlands, grasslands)?

could range from 0 to 31 d

Duration of greenspace (“more
immediate” experience)

During the last month (i.e., May), how
much time did you spend in
neighborhood greenspace on an average
week?

no time; less than 1 h; 1–2 h; 2–4 h; 4–
6 h; 6–8 h; 8–10 h; 10–12 h; over 12 h†

Green view through windows from home
(“less immediate” experience)

In your house do you have a green view
from the room in which you spend most
of your time at home?‡

green view, no green view

†For analysis we converted to a continuous variable: (0, 0.5, 1.5, 3, 5, 7, 9, 11, 12).
‡Green views included roadside trees, garden trees, parks, woodlands.

TABLE 3. Five lifestyle and five socio-demographic variables used in this study.

Category and variable Answer scale

Lifestyle variables

Frequency of smoking 0, none; 1, less than once a month; 2, one or two times per month;
3, two or three times per month; 4, one or two times per week;
5, three or four times per week; 6, five or six times per week; 7, every
day

Frequency of drinking alcohol 0, none; 1, less than once a month; 2, one or two times per month;
3, 2 or 3 times per month; 4, one or two times per week; 5, three or
four times per week; 6, five or six times per week; 7, every day

Number of working days per week could range from 0 to 7 days.

Presence of a pet (dog or cat) in the home 1, presence; 0, absence

Number of children in the home 0, none; 1, one child; 2, two children; 3, three children; 4, four
children; 5, five children; 6, more than five children

Sociodemographic variables

Sex female; male

Age age in years

Annual household income 1, less than ¥3,000,000 (~US$30,000); 2, ¥3,000,000 – 5,000,000 (~US
$50,000); 3, ¥5,000,000 – 7,000,000 (~US$70,000); 4, ¥7,000,000 –
10,000,000 (~US$100,000); 5, ¥10,000,000 – 15,000,000 (~US
$150,000); 6, more than ¥15,000,000 (~US$150,000)

Housing type owned house; owned flat; rented house; rented flat; other

Degree of income changes due to the COVID-19 crisis 1, greatly increased (more than double); 2, increased somewhat;
3, slightly increased; 4, generally unchanged; 5, slightly decreased;
6, decreased somewhat; 7, greatly decreased (less than one-half)

Note: We used the resultant variables as some of the predictor variables in our analysis.

4 https://scihub.copernicus.eu/
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(Burnham and Anderson 2002, Anderson 2007). After

averaging across the subset of models, we calculated the

mean estimates and 95% confidence intervals for each

explanatory variable. We plotted our results as effect

sizes and interpreted predictors as significant if their

95% confidence intervals did not cross the zero-effect

line (du Prel et al. 2009, Welsh 2011). We used R version

4.0.2 for our analyses and plotting (R Core Team 2020)

including the use of the plyr (Wickham 2011), forcats

(Wickham 2018), MuMIn (Barton 2016), ggplot2 (Wick-

ham 2009), and ggpubr (Kassambara 2018) packages.

RESULTS

Data description

The full information on sociodemographic and life-

style characteristics of the participants is shown in

Appendix S1: Table S1. Our sample participants repre-

sented the full range of different age groups. The num-

ber of male and female participants was the same

(1,500 of each). Among the 3,000 participants, there

was marked variation in the five mental health out-

comes (Fig. 1). The frequency of greenspace use varied

widely across participants, but the majority of partici-

pants did not visit any greenspace in May 2020 (Fig. 2).

Approximately 81% of the participants reported that

their home had a view of nature (greenspace or trees;

Fig. 2).

Factors associated with mental health

Several of the variables were significantly associated

with negative and positive effects on people’s mental

health (note: variables that were interpreted as non-sig-

nificant for all of the five health metrics are omitted

from the plots in Fig. 3; the detailed statistics of the

LMs are summarized in Appendix S1: Table S2). Both

greenspace use and green view were significantly posi-

tively associated with an increase in self-esteem, life sat-

isfaction, and happiness (Fig. 3A) and negatively

associated with loneliness and depression and anxiety

(Fig. 3B). Neighborhood greenness was not related to

any of the five health metrics (Appendix S1: Table S2).

A greater impact of the COVID-19 pandemic on income

was significantly associated with increased depression

and anxiety. Smoking had a negative impact on happi-

ness and was positively associated with increased depres-

sion and anxiety. Alcohol use was negatively associated

with loneliness. Higher incomes were associated with

increased self-esteem, life satisfaction, and happiness

and decreased loneliness and depression and anxiety.

Males had more self-esteem and less life satisfaction and

happiness than females. Males also reported greater

loneliness. Older people had more self-esteem and happi-

ness and less loneliness and depression and anxiety than

younger people. Neighborhood greenness, number of

children, number of working days per week, and owning

a pet all had no significant relationship with any of the

mental health metrics (Appendix S1: Table S2).

DISCUSSION

Key findings

The COVID-19 epidemic has created a stressful envi-

ronment for most people around the globe (Galea et al.

2020). We have demonstrated that the experiences of

nearby nature (both less and more immediate) can help

prevent poor mental health during such a stressful time,

or at least, not make it worse. We found that the degree

of self-esteem, life satisfaction, and subjective happiness

were all positively related to the frequency of green-

space use around the home and green views through

windows at home. We also showed reduced levels of

loneliness and depression and anxiety in people who

use greenspace frequently and live at the home with a

green view. These results suggest that urban nature can

be used as a “nature-based solution” for improved pub-

lic health (van den Bosch and Sang 2017). This is espe-

cially relevant during the COVID-19 pandemic, when

people are experiencing increased levels of stress and

are confined in isolation in their homes.

We found consistent positive associations between fre-

quency of greenspace use and the five measures of men-

tal health outcomes. There are several possible pathways

through which greenspace use promotes mental health

outcomes. The first, and most direct one, is the added

health benefits of direct interactions with nature (Keni-

ger et al. 2013, Hartig et al. 2014, Bratman et al. 2019).

Visiting urban green space delivers multi-sensory experi-

ences for a person, such as the sight and sound of birds

and the scent of flowers (Soga and Gaston 2020), which

can improve their mental health status through various

human senses (Franco et al. 2017). Second, greenspace

use is likely to encourage people to undertake physical

exercise (so-called “green exercise”), which in turn con-

tributes to improving mental health (Pretty et al. 2005).

Third, urban greenspace provides opportunities to inter-

act with other members of local communities (e.g.,

friends), which is likely to ameliorate loneliness and

improve well-being (Maas et al. 2009). While this third

pathway might have less of an influence than ordinarily

due to social distancing practices implement during the

pandemic, we do believe that interactions such as simply

seeing other people or signaling to others from an

acceptable distance, will help lessen adverse mental

impacts from social distancing. Of course, these three

major pathways are likely to not act independently of

each other but are likely to work synergistically.

People with homes with a view of nature (greenspace

or trees) reported better mental status for all of the men-

tal health measures we considered. Although the causal

relationships are not easily untangled, at face value this

implies that viewing nature through a window can pro-

mote a person’s improved mental health outcomes. This
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FIG. 1. Distributions of answers given to the questions asked to assess participants’ mental health status (depression and anxi-
ety, self-esteem, life satisfaction, subjective happiness and loneliness). For the purposes of this plot, the metrics were rescaled to have
a mean of zero and standard deviation of one. Note that depression and anxiety and loneliness were negative health metrics, with
the higher values indicating poor health status (greater symptoms of depression and loneliness).

FIG. 2. Frequencies of answers given to the questions asked to assess participants’ levels of nature experiences (A, duration of
greenspace use; B, green view through windows from home; C, frequency of greenspace use). Numbers above the bars in panels A
and C and in pie chart in panel B represent the numbers of people who answered the questions in that way.
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interpretation is consistent with many studies that

demonstrate a positive association between nature views

from windows and improved mental health and well-be-

ing (e.g., Dravigne et al. 2008, Gilchrist et al. 2015, Li

and Sullivan 2016, Chang et al. 2020). Of course, nature

close to the home likely affects a person’s mental health

through pathways other than just sight (the view from

the window). For example, roadside trees enhance the

abundance and diversity of birds around home, which is

likely to increase people’s frequency of listening to bird

songs (Cox et al. 2017b). This in turn might improve

people’s mental health as listening to bird songs are

known to be associated with improved mental health,

such as attention restoration and stress recovery (e.g.,

Ratcliffe et al. 2013, Benfield et al. 2014). An interesting

direction for future research is therefore to determine

the underlying mechanisms for the relationship between

nature close to the home and improved mental health.

Surprisingly, the effect of a green view on people’s

mental health was generally greater than that of the use

of greenspace. This is an important result as it suggests

that less immediate experiences with nature can have

comparable benefits to human health and well-being

compared to more immediate ones. One likely reason for

our result could be that we conducted the surveys during

the COVID-19 pandemic, a time when people were

advised to stay at home in isolation, and thus less imme-

diate nature experiences might greatly outnumber the

more immediate ones. Our result might also be associ-

ated with the timing of our surveys: we asked partici-

pants to report their behavioral patterns for May, which

is one of the most comfortable seasons in Japan. At this

time, many people might have opened windows within

their homes and experienced the nearby nature more

directly. Given that most of the literature on the relation-

ship between nature experiences and mental health is

concerned with more immediate experiences of nature,

our results are enlightening and suggest that more atten-

tion should be paid to less immediate experiences with

nature.

Of course, one can argue that the presence of a green

view through windows is an alternative measure of

neighborhood greenness, and the latter factor is what

actually affects people’s mental health. In our study,

green view through windows and NDVI were signifi-

cantly associated with each other in a fitted linear model

(Appendix S1: Fig. S1), so we acknowledge the uncer-

tainty in our results. If, however, green views through

FIG. 3. Model-averaged coefficients (effect sizes) for all models below DAICc = 6 of all subsets of model that contains all of our
predictor variables against the five mental health response variables (see Appendix S1: Table S2). All continuous variables were
scaled to enable direct comparisons. Shaded symbols represent significant effects. Error bars represent 95% confidence intervals.
Predictors are interpreted as significant if their 95% confidence intervals do not cross the zero-effect line (du Prel et al. 2009, Welsh
2011). Response variables plotted in panel A are positive mental health metrics and those plotted in panel B are negative mental
health metrics. Predictors that were interpreted as not significant for all of the five metrics are not included on the plot (see
Appendix S1: Table S2).
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windows itself is a driver of the health benefits that flow

from nearby nature, then urban greening policies must

go well beyond merely increasing the number of roadside

trees and greenspace coverage and also focus on arrang-

ing the placement of these green components to maxi-

mize people’s personalized levels of nature (Gaston

et al. 2018). Future research to understand how the

placement of greenspaces and trees affects people’s nat-

ure experiences, and associated benefits for mental

health, will be necessary to determine how nature-based

interventions can be designed to improve health and

well-being for urban populations.

The five mental health measures we used are likely to

be interrelated in multiple ways. Depression, for exam-

ple, is usually associated with diminished life satisfaction

and happiness, as the former might be, at least partly,

the cause of the latter (Headey et al. 1993, Milevsky

et al. 2007, Beutel et al. 2010). For the same reason,

loneliness is known to be a strong predictor of the sever-

ity of depressive and anxious symptoms (Adams et al.

2004, Teo et al. 2018). These facts suggest that improved

health outcomes derived from nature experiences typi-

cally do not occur in isolation, but rather simultaneously

with others. This raises the possibility that direct interac-

tions with nature contribute not only towards improving

specific targeted health outcomes, but also have many

secondary (spill-over) effects on human health and well-

being.

Limitations

Despite the major strengths of our analysis, we recog-

nize several limitations. First, although we found a clear

relationship between experiences of nearby nature and

mental health, we were not able to determine a cause-

and-effect relationship between these variables due to

the cross-sectional nature of our study design. Indeed,

we could not exclude the possibility that people with bet-

ter mental health might use greenspaces more frequently

and choose houses with green views. Thus, additional

studies using more longitudinal designs are needed (e.g.,

White et al. 2013). Second, this study relied on self-re-

ported data, which may lead to reporting bias, such as

under-or over-reporting of the true health outcomes or

recall bias. To overcome this limitation, we recommend

additional studies that use more objective health mea-

sures (e.g., Gidlow et al. 2016). Third, as participation to

our survey was voluntary, there is the potential for non-

response bias where participants who chose to take part

in the survey have different personal characteristics com-

pared with those who chose not to participate. Indeed, it

is well known that people with poorer health tend to

avoid participating in health surveys (van Loon et al.

2003), raising the possibility of an underestimation of

the prevalence of mental health problems that actually

occur. However, the aim of our study is not to estimate

the magnitude of mental health problems during the

COVID-19 pandemic but to examine the association

between various personal factors and mental health out-

comes, and the latter is found to be less affected by non-

response bias (van Loon et al. 2003, Cheung et al. 2017).

Last, since the benefits of nature experiences vary

among regions with different socioeconomic and cul-

tural backgrounds (Saw et al. 2015), caution must be

applied when attempting to generalize conclusions to

populations outside of Tokyo. We therefore recommend

that similar studies should be undertaken in other

regions globally.

CONCLUSIONS

Globally, the prevalence of mental health problems

(particularly depression) is increasing at an alarming

rate. Indeed, the WHO has stated that untreated men-

tal health problems account for more than 10% of the

total global burden of disease and have projected that,

by 2030, mental health problems will be the leading

cause of mortality and morbidity globally (World

Health Assembly 2012). Unfortunately, this situation is

likely exacerbated by the COVID-19 pandemic, with

probable huge emotional costs to, and quality of life

impacts on, people, which can increase risk factors for

mental health problems (Galea et al. 2020). Given

these conditions, our results have potentially major

implications for healthcare policy, as they suggest that

urban nature (roadside trees and public greenspace)

has the potential to prevent or ameliorate risk factors

for mental health. Given the associated benefits of the

provision of multiple ecosystem services, such as

improving carbon storage, ameliorating the heat island

effect, and conserving local biodiversity (Lovell and

Taylor 2013, Stott et al. 2015), maintaining and

enhancing green infrastructure in cities offers wide-

ranging benefits to the society where they would be felt

most.
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