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HIGHLIGHTS

e Human well-being was correlated with the objective and subjective nature relatedness.

e Respondents were categorized based on area deprivation index (ADI) and urbanicity.

e Nature visits of subgroups with high ADI values had positive correlations with their self-rated health.
e Childhood nature experience significantly predicted adult well-being including self-rated health.

o Nature relatedness is a key factor positively correlated with residents’ health in deprived areas.

ARTICLE INFO ABSTRACT
Keywords: Enhancing human well-being based on relatedness to nature requires a clear understanding of the associations
Nature relatedness between nature relatedness and well-being, particularly in urban contexts. The socioeconomic and environ-

Childhood nature experience
Self-rated health
Psychological health

mental characteristics of neighborhoods are associated with residents’ perceptions of and access to nature.
However, research addressing the interplay between area-level deprivation, objective and subjective nature
Purpose of life relatedness, and well-being remains limited. To address this, we surveyed 3500 residents in Japan’s Tokyo-
Life satisfaction Yokohama and Osaka-Kobe metropolitan areas, categorizing respondents by the Area Deprivation Index (ADI)
Area deprivation index and urbanicity. Frequent nature visits in highly urbanized areas were positively associated with various well-
being indicators. In high-ADI areas, nature visits correlated with better self-rated health, and the proportion
of non-built-up areas was linked to improved well-being measures. Childhood experiences with nature signifi-
cantly predicted adult well-being and that were associated with improved self-rated health and low psychological
distress, as measured by the Kessler Psychological Distress Scale (K6). Objective factors such as access to natural
spaces, and subjective factors such as perceived relatedness to nature, were deemed critical for well-being. The
results suggest that equitable access to nature and early-life exposure to nature are essential for public health,
particularly in deprived areas. Addressing disparities in nature access can contribute to reducing inequalities in
well-being, underscoring the need for policies promoting nature relatedness to support well-being in urban
communities.
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1. Introduction

Frequent access to nature can decrease the risk of various health
problems (Shanahan et al., 2016; Martin et al., 2020), with significant
positive correlations observed between nature access and well-being
(Remme et al., 2021; Astell-Burt et al., 2023). For example, the exis-
tence of nature can provide relaxation effects (Raanaas et al., 2012;
Korpela et al., 2017) and reduce harmful elements from the local envi-
ronment (Law et al., 2022; Elliott et al., 2023). However, inequality in
nature access is a serious urban issue that reflects socioeconomic
inequality (Shanahan et al., 2014; Loos et al., 2023). Proper nature
relatedness, meaning subjectively perceived human-nature relation-
ships and objectively observed relationships, including nature visits and
nature exposure, should be ensured across socioeconomic and environ-
mental backgrounds to improve human well-being.

Both subjectively perceived and objectively observed nature relat-
edness were particularly important during the COVID-19 pandemic
period (Lopez et al., 2021; Sia et al., 2022; Uchiyama & Kohsaka, 2022).
People underwent social distancing and were under substantial stress
owing to the restricted social and economic activities. In the post-
pandemic era also, adequate access to nature remains important. For
example, the General Assembly of the United Nations adopted a relevant
resolution, “The human right to a clean, healthy and sustainable envi-
ronment” (A/RES/76/300), on July 28, 2022. To realize this human
right, governments need to ensure physical accessibility to public green
spaces and other basic environmental services (Preston, 2024). This
resolution is linked with the Sustainable Development Goals (A/RES/
70/1) adopted on October 21, 2015, especially with Goal 11.7 to pro-
vide universal access to safe, inclusive, and accessible green and public
spaces.

Area-level deprivation and individual or household socioeconomic
status are significant factors impacting the equality of access to nature
(Boyd et al., 2018; Mohan & Barlow, 2023; Nakaya et al., 2014). Area-
level deprivation is a socioeconomic status at the district level that can
be assessed by indicators such as unemployment rate, proportion of
households with single older individuals, and proportion of blue-collar
workers (Nakaya et al., 2014). Individual socioeconomic status, qual-
ity or characteristics of neighborhood communities, and landscape of
residential districts might be associated with the local perception of
nature or accessibility of nature for each resident (Jones et al., 2009;
Mouratidis, 2020). Therefore, depending on the status of area-level
deprivation, objective and subjective nature relatedness and relation-
ships between well-being and the two types of nature relatedness may
differ. However, analysis of area deprivation levels in the research on
nature relatedness and well-being remains limited (Boyd et al., 2018).
By understanding the relationships, priority policies and actions to
improve well-being based on nature relatedness can be identified for
each residential district with a different deprivation status. Possible
priority policies include introducing or redesigning natural areas to
improve objective nature relatedness and implementing environmental
educational programs to enhance subjective nature relatedness. In this
context, understanding the status of nature relatedness and well-being in
different area deprivation levels is necessary for urban planning and
environmental management.

The correlations between objective and subjective relatedness to
nature and human well-being have been analyzed. Objective relatedness
to nature can be analyzed by focusing on the frequency of visiting na-
ture, which is typically positively correlated with well-being in different
regional contexts (White et al., 2019; Hong et al., 2019; Garrett et al.,
2023). Nature access and contact are particularly correlated with human
health in urban settings (Browning et al., 2022). Subjective relatedness
to nature is another important domain of research (Nisbet et al., 2011;
Dean et al., 2018). This is subjectively perceived in human-nature re-
lationships and can be interpreted as psychological connectedness to
nature and a part of people’s identity related to nature (Nisbet et al.,
2011). Subjective relatedness can be generated through experiencing
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activities in nature or learning about nature. The nature relatedness
index (NR) proposed by Nisbet & Zelenski (2013) has been widely used
in studies on well-being (Zelenski & Nisbet, 2014; Keaulana et al., 2021;
Krols et al., 2022; Shentova et al., 2022). Regarding overall trends, NR
positively correlated with well-being, including self-rated health aspects
(Kovi et al., 2023). However, negative correlations between certain as-
pects of nature relatedness with well-being have also been detected
(Dean et al., 2018). The detailed associations between subjective nature
relatedness and well-being should be analyzed by comparing them with
the associations between objective relatedness to nature, such as nature
access and exposure and well-being. To understand the relative impor-
tance of individual types of nature relatedness, researchers should
identify partial correlation coefficients between well-being and each
type of nature relatedness in an analysis model. This can elucidate the
implications of methods to improve well-being based on the enhance-
ment of various types of nature relatedness.

The association between nature relatedness and well-being can differ
depending on environmental conditions such as urbanicity. For
example, correlations between accessibility to nature and well-being can
be stronger in areas with higher urbanicity (Sarkar et al., 2018;
Browning et al., 2022), which are urbanized areas with high percentages
of built-up areas (Xu et al., 2023). Browning et al. (2022) reviewed
existing papers and identified that more than 20 studies detected
stronger protective associations between green areas and human health
in high urbanicity contexts than in low urbanicity contexts, with only six
studies reporting contrasting results. Sarkar et al. (2018) identified
relatively strong protective effects of green areas in high urbanicity and
deprived contexts. They suggested that the stronger restorative potential
of green areas can be pronounced in communities under high levels of
stress owing to their highly urbanized neighborhood environment.
Because of the importance of urbanicity in the association between na-
ture relatedness and well-being, it should be added as a variable in the
analysis model of well-being and nature relatedness.

Managing the socioeconomic and environmental factors of in-
dividuals and considering social capital are important in the analysis of
nature relatedness and well-being (Zhang et al., 2020). Social capital can
be defined as “the resource available to actors as a function of their
location in the structure of their social relations” (Adler & Kwon, 2002).
Through the enhancement of social factors, such as place attachment
and citizen participation, social capital can be a pathway to contribute to
improving well-being (Jennings & Bamkole, 2019). To develop social
capital through green spaces in urban areas where diverse communities
exist, urban planners must consider the perceptions of people with
different backgrounds when planning urban green spaces (Jennings
et al., 2024). The factors, including place attachment and citizen
participation, are also related to nature relatedness and local environ-
mental conditions (Brown & Raymond, 2007; Raymond et al., 2010; Kiss
et al., 2022; Yoshida et al., 2022) and should be considered in the
analysis of nature relatedness and well-being.

In the context of socioeconomic and environmental inequality and its
associations with well-being, global urbanization is continuing and
urban development is accelerating, particularly in large Asian cities,
leading to the formation of megacities with a population of more than 10
million (Uchiyama & Okabe, 2012; Zhao et al., 2017; Li et al., 2018). In
megacities, the degradation of nature and socioeconomic inequality is
increasing in severity (Wang et al., 2020; Kidokoro et al., 2022; Sha-
haboonin et al., 2023; Wu et al., 2024). Socioeconomic inequality is
reflected in spatial segregation in large cities (Uesugi, 2021). Even in
relatively high-income countries, problems of inequality are serious. For
example, in Japan, relative poverty is a serious concern because of its
correlation with poor health conditions (Saito et al., 2014). The COVID-
19 pandemic exacerbated the factors of health inequality correlated
with socioeconomic disparities (Kyan & Takakura, 2022, 2023), with
more severe impacts in large cities owing to the poor initial status of
inequality. Analysis of the relationships among objective and subjective
relatedness to nature, the residential environment, and well-being can
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provide a basis for policy making to effectively improve residents” well-
being in large cities experiencing serious inequality in various aspects.

Studies have identified that proximity to green spaces and frequency
of green space visits, which can be indicators of objective relatedness to
nature, are correlated with the health conditions of residents with
relatively low socioeconomic status in urban settings (Rigolon et al.,
2021; Fian et al., 2024). Mitchell et al. (2015) suggested that the so-
cioeconomic inequality in psychological well-being was narrow among
urban residents who had subjectively good access to green or recrea-
tional areas. Two explanations for the positive correlations between
objective nature relatedness and the well-being of communities with low
socioeconomic status have been suggested. The first explanation is that
green spaces provide strong psychological restoration effects for people
under substantial levels of stress (Mitchell et al., 2015). The second
explanation is that people living in such communities depend on
neighborhood green spaces to improve their health because of poor
access to other resources (Rigolon et al., 2021). However, the relative
importance of subjective nature relatedness on well-being compared
with that of objective relatedness to nature remains poorly understood
(Martin et al., 2020; Liu et al., 2022). Furthermore, social factors,
including place attachment and citizen participation, should be
controlled in the analysis model of well-being to accurately identify the
association between objective and subjective nature relatedness and
well-being.

This study analyzed the relationships between objective and sub-
jective relatedness to nature and the well-being of people with various
socioeconomic and environmental backgrounds in the context of
megacities in Japan while considering the social capital indicators as
independent variables in analysis models. Our study considered three
variables to analyze the associations between nature relatedness and
well-being: (i) area-level deprivation, (ii) objective and subjective na-
ture relatedness, and (iii) well-being. Research addressing the interplay
between the three variables remains limited, although it is important to
understand relationships between well-being and the two types of na-
ture relatedness in the different conditions of area-level deprivation. We
aimed at addressing this gap by simultaneously analyzing those three
variables. Moreover, we considered urbanicity in our analysis models as
a factor to show environmental backgrounds of people and examined
whether the associations between nature relatedness and well-being in
different urbanicity contexts were consistent between our study and past
studies.

We tested the following hypotheses (H1-4):

H1. The correlation between objective relatedness to nature and
well-being is stronger for residents in areas with high urbanicity.
H2. The correlation between objective relatedness to nature and
well-being is stronger for residents in areas with high area depriva-
tion index values.

H3. Subjective relatedness to nature is correlated with the well-being
of residents in any residential area.

H4. Components of social capital are correlated with the well-being
of residents in any residential area.

These hypotheses were generated considering existing studies. For
H1, Sarkar et al. (2018) found that the correlation between nature
visitation and well-being in the United Kingdom tended to be stronger in
areas with a relatively high degree of urbanicity. However, such a ten-
dency might not be found in other regional contexts, requiring analysis
in the Asian context. In addition, the study did not consider subjective
nature relatedness, which was incorporated in our analysis models. For
H2, research conducted in Austria showed that the correlation between
green area visits and the well-being of people with low household in-
come tended to be stronger than that of people with high household
income (Fian et al., 2024). However, the study was conducted in Europe
and did not consider area-level deprivation. By contrast, in the present
study, we focused on the Asian context and used ADI to test the
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hypothesis. For H3, the association between nature relatedness and well-
being of individuals with various socioeconomic statuses has been
analyzed using NR (Zelenski & Nisbet, 2014; Dean et al., 2018); how-
ever, studies conducted outside Europe and North America are limited,
rendering testing the hypothesis in Asia and other regional contexts
vital. For H4, the association between social capital and well-being has
been analyzed (Jennings & Bamkole, 2019; Yoshida et al., 2022);
however, existing studies tended not to empirically analyze both social
capital and relatedness to nature in a correlation analysis with well-
being. When analyzing the indicators of such relatedness to nature
and well-being, social capital indicators should be controlled in the
analysis model to understand the relative importance of those individual
indicators for well-being.

The existing studies mostly analyzed relevant variables separately.
For example, research on the associations between objective relatedness
to nature and well-being tends to not consider subjective relatedness to
nature and vice versa (Liu et al., 2022). Past studies typically controlled
sociodemographic factors in the analysis models; however, social capital
factors have tended to be overlooked and not controlled, even in the
limited studies that analyzed both objective and subjective nature
relatedness in a regression model for well-being (Martin et al., 2020; Liu
et al., 2022).

The originality of our research is the identification of the relative
importance of both objective and subjective relatedness to nature to
well-being in different levels of area deprivation and urbanicity by
controlling individual demographic attributes and social capital com-
ponents. We focused on megacities in Japan to fill the gap in relevant
empirical research on the relationships between well-being and objec-
tive and subjective nature relatedness.

2. Methodology
2.1. Study sample

To analyze the associations among objective and subjective relat-
edness to nature, residential environment, and human well-being, we
implemented an online survey in the Tokyo-Yokohama and Osaka-Kobe
metropolitan areas, the first and second most populated areas in Japan,
respectively, from March 24 to 28, 2023. The Tokyo-Yokohama metro-
politan area comprises 23 wards in Tokyo and Yokohama City. The
Osaka-Kobe metropolitan area comprises Osaka City, Kobe City, and
eight surrounding municipalities (Fig. 1).

The respondents were registered panel members of MyVoice Com-
munications Inc. This survey company had 1,079,274 registered mem-
bers in Japan in February 2024. Online surveys conducted using this
survey company have been used in studies in different academic fields,
including social science and medicine (Ida et al., 2015; Takeuchi et al.,
2021; Kambara et al., 2023). The respondents in our study were
recruited using online advertisements, and after registering, they could
respond to online surveys. The questionnaire was distributed to the
registered members residing in the target areas. In the survey sample
collection, the percentages of the population per 10-year intervals were
used to create age groups. We set the target gender ratio to 1:1. Before
starting the survey, the purpose of the survey and topics of the questions
were shared with respondents, and we obtained their informed consent
to participate. In any phase of the survey, the freedom to quit the survey
was guaranteed. Respondents who did not answer seriously were
removed from the study sample. For example, respondents who
answered the questions too quickly or those who repeated the same
answers were excluded.

After screening the survey results, the number of valid responses was
3500 (Table 1). We set this target number of responses to fulfil the
minimum number of responses computed using Cochran’s formula
(Bartlett et al., 2001), even if we categorized the responses into several
groups and separately analyzed them to test the hypotheses. The mini-
mum number of samples computed at the 95 % confidence interval with
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Fig. 1. Land cover maps of the research site (Tokyo-Yokohama and Osaka-Kobe metropolitan areas) and percentages of landcover categories.

Table 1
Number and percentage of population and respondents in each age group.

Age group Total population in 2020 Survey respondents
20-39 5,314,051 (32.4 %) 1,140 (32.6 %)
40-59 5,620,479 (34.3 %) 1,220 (34.9 %)
>60 5,471,098 (33.3 %) 1,140 (32.6 %)

Total > 20 years 16,405,628 (100 %) 3,500 (100 %)

Note: Data on population were obtained from Japan’s 2020 population census.

a 5 % sampling error using the formula was 384. The formula we used
based on the population census in 2020 was n = ng/(1 + ng/N), where
ng = (t2 X p X q)/dz, t is the value of the selected alpha level (« = 0.05,
critical value = 1.96), p is the possible proportion of the population that
has the attribute in question (0.5), q = 1 — p, d = acceptable margin of
error (0.05), and N = population size.

2.2. Measurements

The variables used in this research are provided in Table 2. Indi-
vidual attributes, including (1) age, (2) gender, (3) household income,
(4) occupation type, (5) educational background, (6) number of children
in household, (7) marital status, (8) status of physical activities (Murase
et al., 2002; Craig et al., 2003; [PAQ: International Physical Activity
Questionnaire, 2005), and (9) length of free time on weekends (Shan,

2020), were obtained. The variables of objective relatedness to nature
were (10) frequency of nature visitation on weekends and (11) per-
centages of land cover categories except built-up areas in residential
districts. The variables of subjective relatedness to nature were (12)
childhood nature experience (Aoshima et al., 2023; Barrable et al.,
2024) and (13) NR (Nisbet and Zelenski, 2013). These were analyzed as
independent variables. Childhood nature experience was analyzed as a
subjective nature relatedness variable because it was not the exact fre-
quency of the experience but the subjective amount of the experience
based on a 4-point Likert scale (see Appendix). It was interpreted as a
part of respondents’ identity related to nature. NR comprised six ques-
tions; we computed Cronbach’s alpha for the responses to the questions,
and the value was 0.909, indicating internal consistency. As another
category of independent variables that indicate social aspects of re-
spondents, data on social capital-related indicators, including (14) citi-
zen participation and (15) place attachment, were collected based on a
conceptual framework proposed by Acedo et al. (2017) for the sense of
place and social capital. We used questions to collect the responses for
these two variables by using the questions tested by Saito et al. (2017).

The data of well-being indicators collected and analyzed as depen-
dent variables were (a) self-rated health (Jylha, 2009), (b) psychological
health status (K6) (Kessler et al., 2002), (c) life satisfaction (Weber et al.,
2015), and (d) indicator related to purpose of life (Janicke-Bowles et al.,
2019). Self-rated health was used as an indicator to assess total health
conditions, including physical and psychological health aspects (Jylha,
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Table 2
Variables and their references and sources.
Dependent/ Variable Variables References Sources
Independent categories
Dependent Overall health (a) self-rated Jylhd, 2009 Online
variables health survey of
Psychological (b) K6 Kessler this
Health et al., 2002 research
Hedonic well- (c) life Weber et al.,
being satisfaction 2015
Eudaimonic (d) indicator Janicke-
well-being related to Bowles
purpose of life etal., 2019
Independent Basic (1) age Online
variables individual (2) gender survey of
attributes (3) household this
income research
(4) occupation
type
(5)
educational
background
(6) number of
children in the
household
(7) marital
status
(8) status of Murase
physical et al., 2002;
activities Craig et al.,
2003
(9) length of Shan, 2020
free time on
weekends
Objective (10) frequency
relatedness to of nature
nature visitation on
weekends
an Land cover
percentages of GIS data
land cover
categories
except built-
up areas in
residential
districts
Subjective a2 Barrable Online
relatedness to childhood et al., 2024; survey of
nature nature Aoshima this
experience et al., 2023 research
(13) NR-6 Nisbet &
Zelenski,
2013
Social capital- (14) citizen Acedo et al.,
related participation 2017; Saito
indicators (15) place et al., 2017
attachment
Area (16) ADI Nakaya Computed
deprivation et al., 2014; based on
index Hanibuchi population
and Nakaya, census
2020

2009). K6 is a reliable indicator to assess psychological health condi-
tions such as anxiety disorder (Furukawa et al., 2003). K6 comprised six
questions and we computed Cronbach’s alpha for the answers, achieving
a value of 0.936, indicating internal consistency. In addition to the in-
dicators directly related to health conditions, we used eudaimonic and
hedonic well-being indicators, with the former being an indicator for the
purpose of life and the latter being an indicator for life satisfaction.
Using the online survey, we collected data on these indicators, except
for Indicator (11): percentages of land cover categories. High-resolution
land cover data provided by the Japan Aerospace Exploration Agency
were used to calculate the percentages of land cover categories, except
built-up area, in the residential districts. We focused on nature,
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including different types of ecosystems such as agricultural lands, for-
estlands, and waterbodies, because such complex nature is widely
recognized as a socioecological landscape, so-called Satoyama by the
residents in the research site (Kohsaka et al., 2013). The grid resolution
of the land cover data was 10 m. The zip code district was used as a
residential district in the analysis. The respondents provided the zip
code of their residential district in the survey. The Zonal Statistics
function in ArcGIS Pro (version 2.6.2) was used to aggregate areas of the
land cover categories into zip code districts. To manage these data,
ArcGIS Pro was used. In addition to those indicators, the ADI was used in
the analysis. The index values were computed using the method of
Nakaya et al. (2014). An area-based approach was necessary to consider
the inequality in access to nature and in building proper relatedness with
nature. We used the ADI as an independent variable and to categorize
the respondents. The list of variables and supplementary materials for
analysis results are provided in Appendix.

2.3. Statistical analysis

The collected data were analyzed using ordinal logistic regression
models for the well-being indicators except K6 and linear regression
models for K6 (Section 3.1). To identify the overall relationships be-
tween the dependent and independent variables, we performed redun-
dancy analysis (RDA) (Section 3.1). RDA has been used in various
academic fields, including ecology and social science (Legendre et al.,
2011; Zhang et al., 2023). RDA can be used to analyze a relationship
between a response matrix and an explanatory matrix (Rao, 1964),
meaning that associations between multiple dependent variables and
independent variables can be analyzed in an RDA model. After applying
these analysis methods to all the respondents, we categorized the re-
spondents based on the ADI and percentages of built-up areas in their
residential districts. This categorization was conducted because studies
have suggested that the correlations between nature access or nature
relatedness and well-being can be moderated by socioeconomic status
and the degree of urbanicity of residential areas (Sarkar et al., 2018; Fian
et al., 2024).

First, based on the quartiles of the ADI, respondents were categorized
into four groups. Second, each group was categorized into two sub-
groups based on the median of the percentages of built-up areas in each
group. By using the first and second steps, the respondents were cate-
gorized into eight subgroups. Next, we developed the ordinal logistic
regression models and linear regression model for each subgroup. While
the urbanicity as a context of residents has been analyzed in existing
studies (Sarkar et al., 2018), residents of areas with different ADI values
have not been compared. Considering these circumstances, we first
analyzed the eight subgroups comprising four categories based on the
ADI and two categories based on urbanicity (Section 3.2.1). Further-
more, to confirm the trend detected by the analysis of the eight sub-
groups, we analyzed another set of eight subgroups comprising two
categories based on the ADI and four categories based on urbanicity
(Section 3.2.2). To complement these analyses, we analyzed four sub-
groups comprising two categories based on the ADI and two categories
based on urbanicity. The analysis result of the four subgroups is pro-
vided in the Appendix. To fulfill the minimum number of responses
calculated in Section 2.1, we limited the number of subgroups to eight.

3. Result
3.1. Analysis of all respondents

The results of the analyses on each well-being indicator are provided
in Table 3. The detailed results of the logistic and linear regressions are
listed in Appendix. We found no multi-collinearity in the variables
(variance inflation factor (VIF) < 2, tolerance > 0.5). Regarding the
basic individual attributes, respondents who were married and had
higher household incomes tended to have better well-being. Age and
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Table 3
Analysis results of all respondents.

Independent K6
variables (psychological
health)

Self-rated  Life Purpose of
health satisfaction life

Gender (1: male, (+)** (+)** (+)**
2: female)

Age =) —)*

Income (=)** (+)** (+)** (H)**

% of non-built-up (-)*
areas

Frequency of (H)** (+)** ()
nature visits

Degree of physical ~ (+)f +* )*
activities

Childhood nature ~ (-)' (+)** (+H)*
experience

Nature )* (+H)*
relatedness
(NR-6)

Citizen (H)** (H)**
participation
Place attachment

Length of free
time
Having children
or not
Educational )*
backgrounds
Having a stable )+
job or not
Marital status (—)** (H)** (+)** (+)**
ADI (area )
deprivation
index)

)}':-.': (+)7‘“‘r (+)‘.’n‘: (+)‘.’n‘:
-y @

Note: **: p < 0.01, *: p < 0.05, : p < 0.1. Reference levels: Gender—1: male, 2:
female; Having children or not—O0: do not have, 1: have; Educational back-
grounds—O0: up to high school, 1: university or graduate school; Having a stable
job or not—O0: part time/student/unemployed, 1: full-time employed or self-
employed; Marital status—O0: unmarried, 1: married.

gender also correlated with well-being: for K6 (psychological health
status), the younger the respondent, the higher the K6 value, suggesting
that older respondents had better psychological health conditions. By
contrast, younger generations tended to have better self-rated health
than older generations, including physical and psychological health
aspects. By gender, female respondents demonstrated better values than
male respondents for three well-being indicators: self-rated health, life
satisfaction, and purpose of life.

Length of free time positively correlated with self-rated health and
psychological health assessed by K6. Furthermore, respondents with
relatively stable jobs tended to have better self-rated health conditions.
Respondents with higher educational backgrounds tended to have
higher life satisfaction. The degree of physical activity was positively
correlated with self-rated health and the indicator of purpose of life.
However, physical activity intensity was negatively correlated with
psychological health. K6 positively correlated with the degree of phys-
ical activity.

Regarding the social capital indicators, place attachment had cor-
relations with all the well-being indicators. The higher the place
attachment, the better the well-being assessed by the four indicators.
Citizen participation had positive correlations with two well-being in-
dicators: life satisfaction and purpose of life. ADI had a negative corre-
lation with life satisfaction. Respondents living in areas with higher
area-level deprivation tended to have lower life satisfaction.

Among the indicators of objective relatedness to nature, frequency of
nature visits had positive correlations with self-rated health conditions,
life satisfaction, and the indicator of purpose of life. Percentages of land
cover categories except built-up area had a positive correlation with
psychological health conditions, as K6 had a negative correlation with
the percentages of the land cover categories. Among the indicators of
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subjective nature relatedness, frequency of childhood nature experience
had positive correlations with psychological and self-rated health con-
ditions and the indicator of purpose of life. The NR had positive corre-
lations with life satisfaction and the indicator of purpose of life.
Although the combinations of significant indicators of objective and
subjective relatedness to nature for each well-being indicator differed,
indicators of both types of nature relatedness had positive correlations
with each well-being indicator.

The RDA scatter plot shows that indicators had positive correlations
if they were plotted in similar directions from the origin. We conducted
permutation tests to examine the significance of the model and axes. The
RDA model, x-axis (RDA1), and y-axis (RDA2) were significant (p <
0.01). The proportions explained by RDA1 and RDA2 were 13 % and 2
%, respectively. The overall trend shown in Fig. 2 is consistent with the
result indicated in Table 3. Frequency of nature visits and the NR were
located in relatively similar directions as the locations of self-rated
health, life satisfaction, and the indicator of purpose of life. The per-
centages of the land cover categories, except for built-up area and fre-
quency of childhood nature experience, were plotted in the opposite
direction of the location of K6; thus, these two indicators of objective
and subjective nature relatedness were positively correlated with better
psychological health conditions.

The results, thus, suggest a difference between the psychological
health indicator (i.e., K6) and other well-being indicators. Only K6 had a
negative correlation with the land cover indicator, with the other three
well-being indicators exhibiting positive correlations with frequency of
nature visits.

3.2. Analysis of eight subgroups

3.2.1. Analysis of eight subgroups (ADI: four categories, Urbanicity: two
categories)

The analysis results of the eight subgroups (ADI: four categories,
Urbanicity: two categories) are indicated in Table 4, and the detailed
results of the individual logistic and linear regressions are listed in the
Appendix. Four groups in the ADI (Highest, Higher, Lower, and Lowest)
were categorized based on the quartiles of the ADI values. High
urbanicity indicated that the percentages of built-up areas in residential
districts were higher than the median of the percentages in each group.
Low urbanicity indicated that the percentages were lower than the
median. The overall trends of correlations of basic individual attributes
with well-being indicators were consistent with the analysis results of all
respondents. Having children was not significant in the models of all
respondents. In the models of Higher ADI + High Urbanicity and Highest
ADI + Low Urbanicity, having children had significant positive corre-
lations with self-rated health conditions.

Correlation patterns of frequency of nature visitations with well-
being indicators differed between subgroups with different urbanicity
and ADI values. The High Urbanicity subgroups’ numbers of well-being
indicators correlated with frequency of nature visits tended to be larger
than those of Low Urbanicity subgroups. In the High Urbanicity context,
nature visits were more significant for various aspects of well-being than
those in the Low Urbanicity context. Regarding the difference between
subgroups with different ADI values, self-rated health conditions tended
to have positive correlations with frequency of nature visits of Higher
ADI and Highest ADI subgroups except for Higher ADI 4+ Low Urban-
icity. By contrast, for Lower ADI and Lowest ADI subgroups, self-rated
health conditions had positive correlations only with Lower ADI +
High Urbanicity’s frequency of nature visits. Regarding the life satis-
faction and indicator of purpose of life, Lower ADI and Lowest ADI
subgroups, except Lowest ADI + Low Urbanicity’s indicator of purpose
of life, had positive correlations with frequency of nature visits. For
Higher ADI and Highest ADI subgroups, only life satisfaction of Higher
ADI + High Urbanicity and the indicator of purpose of life of Highest
ADI + High Urbanicity and Highest ADI + Low Urbanicity were corre-
lated with frequency of nature visits. Thus, the High Urbanicity
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Fig. 2. Redundancy analysis of all respondents. Dependent variables: K6 (psychological health), self-rated health, life satisfaction, indicator of purpose of life. In-
dependent variables: Age, gender, income (household income). NA: frequency of nature visits, NB: percentage of non-built-up areas, NE: childhood nature expe-
rience, NR: nature relatedness, MET: degree of physical activities, PA: place attachment, CP: citizen participation, FT: length of free time on weekends, Edu:
educational backgrounds, Work: having stable job or not, MA: marital status, Child: having children or not, ADI: area deprivation index.

subgroups’ frequency of nature visits tended to have correlations with
various well-being indicators. The frequency of nature visits of sub-
groups with high ADI values tended to be correlated with the indicator
directly related to health (self-rated health). The nature visits of sub-
groups with low ADI values tended to be correlated with the indicators
of other aspects of well-being, such as life satisfaction.

Several subgroups of the percentages of land cover categories, except
built-up areas, were correlated with the well-being indicators. K6 of
Lower ADI + Low Urbanicity, self-rated health and life satisfaction of
Higher ADI + High Urbanicity, and the indicator of purpose of life of
Higher ADI + Low Urbanicity were correlated with the percentages of
the land cover categories. The correlations between the land cover in-
dicator and well-being indicators were observed in the groups with in-
termediate ADI values.

The frequency of childhood nature experience of several subgroups
was also correlated with well-being indicators: K6 and self-rated health.
The correlation between K6 and frequency of the experience was
detected only in the Lowest ADI + Low Urbanicity subgroup. The cor-
relations between self-rated health and the frequency of the experience
were observed in four subgroups: Lowest ADI 4+ High Urbanicity, Lower
ADI + High Urbanicity, Higher ADI + Low Urbanicity, and Highest ADI
+ Low Urbanicity.

The NR tended to be correlated with life satisfaction and the indi-
cator of purpose of life of certain subgroups. The number of subgroups
with low ADI values that had correlations between the NR and those
well-being indicators was greater than the number of subgroups with
high ADI values. Furthermore, the High Urbanicity subgroups had more
subgroups that had correlations between NR and those well-being in-
dicators than the Low Urbanicity subgroups.

Among the subjective nature relatedness indicators, the frequency of
the nature experience tended to have complex patterns of correlations.
The frequency of the nature experience was correlated with K6 only in
the model of the subgroup (Lowest ADI + Low Urbanicity) and with self-
rated health in the models of the two High Urbanicity subgroups with
low ADI values and in the models of the two Low Urbanicity subgroups
with high ADI values. The NR tended to have correlations with the well-
being indicators of subgroups with low ADI values and High Urbanicity
subgroups.

Negative correlations between the nature relatedness indicators and
well-being indicators were also detected in two subgroups. Lowest ADI
+ High Urbanicity’s indicator of purpose of life had a negative corre-
lation with the land cover indicator. Higher ADI + Low Urbanicity’s K6
had positive correlations with the frequency of nature visits and with
NR, meaning that their psychological health conditions assessed by K6
tended to be negatively correlated with these nature relatedness
indicators.

3.2.2. Analysis of eight subgroups (ADI: two categories, Urbanicity: four
categories)

The analysis results of the eight subgroups (ADI: two categories,
Urbanicity: four categories) are shown in Table 5. The detailed results of
the individual regression models are listed in the Appendix. High ADI
indicated that the ADI values were higher than the median of the ADI
values in each group. Low ADI indicated that the ADI values were lower
than the median. Four groups regarding Urbanicity (Highest, Higher,
Lower, and Lowest) were categorized based on quartiles of percentage of
non-built-up areas. The overall trends of correlations of basic individual
attributes with well-being indicators were consistent with the analysis
results of all respondents. Having children, which was not significant in
the models of all respondents, had significant positive correlations with
self-rated health conditions in two subgroups with High ADI and sig-
nificant negative correlations with self-rated health conditions in two
subgroups with Low ADI.

Frequency of nature visits tended to be positively correlated with
diverse well-being indicators of Higher Urbanicity subgroups. Further-
more, self-rated health conditions tended to have positive stronger
correlations with frequency of nature visits of High ADI subgroups. In
particular, the frequency of nature visits of subgroups with higher ADI
values and higher urbanicity tended to be relatively strongly correlated
with self-rated health. Regarding life satisfaction and the indicator of
purpose of life, Low ADI subgroups had positive stronger correlations
with frequency of nature visits. These results are consistent with the
results in the previous subsection.

The percentage of non-built-up areas was positively correlated with
the well-being indicators of Lower and Lowest Urbanicity subgroups.
Psychological health condition assessed by K6 of Low ADI + Lowest
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Subgroups (Area Deprivation Index [ADI]: four categories, Urbanicity: two categories).

HU . Self-rated Life Purpose of 1) . Self-rated Life Purpose of
subgroup Independent variables K6 health  satisfaction Tife subgroup Independent variables K6 health  satisfaction ‘I)ife
Gender (F)* (F)** (F)' Gender (Mm)* (F)* (F)** (F)**
Age (Bhis (= ] Age (%=
Income (-)* (+) (+)* Income (-)** (+)* (+)** (+)**
% of non-built up areas ()" ] % of non-built up areas
Frequency of nature visits (+)* (+)" Frequency of nature visits (+)*
Degree of physical activities ] Degree of physical activities (+)*
Lowest Childhood nature experience (+)" Lowest Childhood nature experience (-)*
ADI Nature relatedness (NR-6) (+)* (+)° ]ADI Nature relatedness (NR-6) (+)*
High Citizen participation (+)" Low Citizen participation (+)" (+)*
Urbanicity Place attachment (-)** (+)** (+)** (+)** ]Urbanicilv Place attachment (-)* (+)** (+)** (+)**
Length of free time (-)** (+)** (+)" Length of free time (=) (+)" (+)*
Having children or not ] Having children or not
Educational backgrounds Educational backgrounds
Having stable job or not | Having stable job or not
Marital status (+)* (+)** (+)** Marital status
Gender Gender
Age ()** ()** l Age (**
Income (+)* (+)** Income (+)" (+)**
% of non-built up areas ] % of non-built up areas ()"
Frequency of nature visits (+) (+)* (+)* Frequency of nature visits (+)* (+)"
Degree of physical activities (+)* ] Degree of physical activities (+)
Lower  Childhood nature experience (+)* Lower  Childhood nature experience
ADI Nature relatedness (NR-6) |ADI Nature relatedness (NR-6) (+)**
High Citizen participation (+)* Low Citizen participation
Urbanicity Place attachment (-)** (+)** (+)** (+)** ]Urbanicirv Place attachment (+)** (+)**
Length of free time Length of free time
Having children or not ] Having children or not
Educational backgrounds Educational backgrounds (+)"
Having stable job or not ] Having stable job or not (-)*
Marital status (-)* ()" (+)** Marital status (+)**
Gender (F)* (F)* Gender
Age ()** ()** ] Age (-)** (-)**
Income (+)" (+)" Income (+)' (+)** (+)*
% of non-built up areas (+)* (+)* ] % of non-built up areas (+)**
Frequency of nature visits (+)** (+)* Frequency of nature visits (+)*
Degree of physical activities ] Degree of physical activities
Higher  Childhood nature experience Higher  Childhood nature experience (+)*
ADI Nature relatedness (NR-6) (+)" ]ADI Nature relatedness (NR-6) (+)*
High Citizen participation (+)** (+)* Low Citizen participation (+)*
Urbanicity Place attachment (-)* (+)** (+)** (+)** ]Urbanicilv Place attachment (-)** (+)** (+)** (+)**
Length of free time (-)* Length of free time
Having children or not (+)" ] Having children or not
Educational backgrounds Educational backgrounds (+)* (+)*
Having stable job or not ] Having stable job or not
Marital status (+)* (+)* (+)" Marital status (-)** (+)** (+)** (+)**
Gender (F)* (F)" (F)** Gender (F)* (F)** (F)*
Age (-)* ()** | Age ()** ()**
Income (-)* (+)** Income (+)** (+)"
% of non-built up areas ] % of non-built up areas
Frequency of nature visits (+)° (+)* Frequency of nature visits (+)" (+)"
Degree of physical activities ] Degree of physical activities (+)*
Highest Childhood nature experience Highest Childhood nature experience (+)"
ADI Nature relatedness (NR-6) (+)° ]ADI Nature relatedness (NR-6)
High Citizen participation (-)* Low Citizen participation
Urbanicity Place attachment (-)** (+)** (+)** (+)** ]Urbanicirv Place attachment (-)** (+)** (+)** (+)**
Length of free time () Length of free time ()"
Having children or not ] Having children or not (+)"
Educational backgrounds Educational backgrounds
Having stable job or not ] Having stable job or not (+)*
Marital status (-)** (+) Marital status (+)** (+)*

Note: **: p < 0.01, *: p < 0.05, ': p < 0.1. Reference levels: Gender—1: male, 2: female; Having children or not—O0: do not have, 1: have; Educational backgrounds—O:
up to high school, 1: university or graduate school; Having a stable job or not—O0: part time/student/unemployed, 1: full-time employed or self-employed; Marital

status—O: unmarried, 1: married.

Urbanicity, self-rated health of High ADI + Lowest Urbanicity, and the
indicator of purpose of life of High ADI + Lower Urbanicity were
correlated with the percentage of non-built-up areas. The positive cor-
relations between this land cover indicator and the well-being indicators
were observed in the groups with relatively low urbanicity.

Frequency of childhood nature experience was correlated with well-
being indicators mainly in two types of subgroups: subgroups with High

ADI and a subgroup with Low ADI. The correlations between K6 and the
frequency of the experience were detected in High ADI + Lowest
Urbanicity and Low ADI + Lowest Urbanicity subgroups. The correlation
between self-rated health and the frequency of the experience was
observed in High ADI + Lower Urbanicity subgroup. The correlation
between purpose of life indicator and the frequency of the experience
was observed in Low ADI + Lowest Urbanicity subgroup.
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Table 5
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Subgroups (Area Deprivation Index [ADI]: two categories, Urbanicity: four categories).
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Note:

**: p<0.01, *: p<0.05, t: p < 0.1. Reference levels: Gender—1: male, 2: female; Having children or not—O0: do not have, 1: have; Educational backgrounds—O0:

up to high school, 1: university or graduate school; Having a stable job or not—O0: part time/student/unemployed, 1: full-time employed or self-employed; Marital

status—O: unmarried, 1: married.

NR tended to be positively correlated with the indicator of purpose of
life of several subgroups with High and Low ADI values. The Low ADI
subgroups tended to have stronger correlations between NR and the
well-being indicator than the High ADI subgroups. This result is
consistent with the result in the previous subsection. The clear differ-
ence between higher and lower urbanicity subgroups was not observed
in this subsection.

As in the previous subsection, negative correlations between the
nature relatedness indicators and the well-being indicators were detec-
ted. The percentage of non-built-up areas had a positive correlation with
K6 of the Low ADI + Higher Urbanicity subgroup and a negative cor-
relation with self-rated health of the subgroup, suggesting that their
psychological health conditions assessed by K6 were negatively corre-
lated with the objective nature relatedness indicator. Furthermore, High
ADI + Highest Urbanicity’s indicator of life satisfaction had a negative
correlation with childhood nature experience.

4. Discussion
4.1. Testing of hypotheses

The overall results showed that subjective and objective nature
relatedness had different associations with well-being, depending on the
types of well-being, ADI, and urbanicity. For H1, among the indicators of
objective relatedness to nature, frequency of nature visits of higher
urbanicity subgroups in Sections 3.2.1 and 3.2.2 tended to have corre-
lations with diverse well-being indicators. This result supports H1 and is
consistent with the results of existing studies (Sarkar et al. 2018;
Browning et al., 2022), showing the relatively high importance of nature
visits in high urbanicity contexts. Another indicator of objective nature
relatedness, the percentage of non-built-up area, did not exhibit a clear
correlation pattern (Section 3.2.1). The percentage of non-built-up areas
correlated with well-being indicators of the Lower and Lowest Urban-
icity subgroups (Section 3.2.2), suggesting that the result of the analysis
on the land cover indicator related to nature exposure might not support
HI1.

H2 is supported by the analysis results of frequency of nature visits
and self-rated health conditions. The frequency of nature visits of sub-
groups with higher ADI values tended to have significant positive
stronger correlations with their self-rated health conditions, especially
in higher urbanicity contexts. This result is consistent with those of

existing studies that analyzed individual socioeconomic status (Rigolon
et al., 2021; Fian et al., 2024). For the well-being indicators not directly
related to health aspects (life satisfaction and purpose of life), more
correlations with nature visits were observed in the subgroups with
lower ADI values. The result suggests that the positive correlations of
nature visits with well-being aspects directly related to health can be
stronger for respondents living in areas with higher ADI values and
higher urbanicity. Whether the percentage of non-built-up areas corre-
lated with the well-being of residents in areas with higher ADI values
was unclear in Sections 3.2.1 and 3.2.2; however, it was positively
correlated with diverse well-being indicators of Higher ADI subgroups
(Section 3.2.1) and with well-being indicators of the two subgroups with
High ADI and lower urbanicity in Section 3.2.2.

For H3, the result differed from what we expected. Childhood nature
experience was correlated with the well-being indicators, notably with
health-related indicators. We identified significant correlations while
controlling various variables, including socioeconomic attributes, fre-
quency of nature visits, and percentage of non-built-up areas in resi-
dential areas. Studies have shown the correlation between childhood
nature experience and frequency of outdoor activities (Wells & Lekies,
2006; Sugiyama et al., 2021); however, the studies did not analyze the
correlations between such nature experience and well-being in an
analysis model of subjective and objective nature relatedness. Our
detection of the positive correlations between past childhood nature
experience and current well-being is one of our unique findings.
Furthermore, we identified complex patterns of correlations between
the indicators of subjective nature relatedness and the well-being in-
dicators of the subgroups. The frequency of childhood nature experience
had correlations with self-rated health in mainly the subgroups with
higher and lower ADI values. Among the indicators of subjective nature
relatedness, the NR tended to have correlations with well-being in-
dicators not directly related to health (e.g., the life purpose indicator
related to eudaimonic well-being), and stronger correlations were
observed in subgroups with lower ADI values in Sections 3.2.1 and 3.2.2.
Martin et al. (2020) showed that subjective nature relatedness was
correlated with eudaimonic well-being and is consistent with our anal-
ysis results on the NR.

The analysis results of the social capital-related indicators and well-
being indicators lend support to the last hypothesis (H4). Place attach-
ment had positive correlations with all the well-being indicators. Citizen
participation had correlations with various well-being indicators,
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although it was not correlated with K6. These positive correlations be-
tween the social capital-related indicators and well-being are consistent
with the findings and concepts of existing studies (Jennings & Bamkole,
2019; Yoshida et al., 2022). Our unique contribution is to demonstrate
such correlations in the analysis models of objective and subjective
relatedness to nature and well-being.

4.2. Possible reasons and background for results

A possible reason for the correlation between frequency of nature
visits and the well-being indicator values of residents in high ADI value
areas is that nature visitation is an important option for those under
substantial stress levels who are aiming to improve their health condi-
tions (Mitchell et al., 2015; Rigolon et al., 2021; Fian et al., 2024).
Improved health conditions can be a basis for other aspects of well-
being. In this regard, the result suggests that nature visitation is a rela-
tively important factor for those residents. Residents in low ADI value
areas might be able to access additional options to enhance their health
conditions by using their resources (Rigolon et al., 2021). Regarding the
life satisfaction indicator, residents in high ADI value areas might not be
able to feel the strong effect of nature visits as leisure activities to
enhance their life satisfaction because of hindrances to the effects, such
as insufficient basic socioeconomic resources and opportunities.
Regarding the environmental backgrounds of the effects of nature visi-
tation on well-being, the effects seemed stronger for residents in areas
with higher urbanicity. This result aligns with that in an existing study
(Sarkar et al., 2018), possibly because natural areas are limited, and the
relative importance is higher in the higher urbanicity contexts
(Browning et al., 2022).

Monsoon Asian cities provide more opportunities than European
cities for nature access because of the former’s mosaic-pattern landscape
comprising different land cover categories and close distance between
urban and rural areas (Kohsaka et al., 2013; Uchiyama & Hayashi,
2021). Nonetheless, as in European cities, inequality in nature access
exists and is interlinked with inequality in health conditions in the tar-
geted cities in Japan. This result suggests that similar trends of access
inequality and its connection with health inequality might be observed
in other Monsoon Asian cities within close distance to rural areas,
complex landscapes, and similar socioeconomic inequality issues.

Percentage of non-built-up areas, which can be an indicator to show
the existence of natural elements, did not have correlations with the
well-being indicators in the models of the Highest ADI subgroups, and
there was no positive correlation with the well-being indicators in the
Lowest ADI subgroups. Specifically, the Lowest ADI subgroup’s indica-
tor of purpose of life had a negative correlation with the percentage of
non-built-up areas. This finding suggests that living in areas with rural
elements, including nature, can be a hindrance to well-being (Cosby
et al.,, 2019), and the relative importance of nature might be less
important for affluent people than for other people because there are
many other options for the former to improve their well-being (Rigolon
et al., 2021). For example, the areas with high percentage of non-built-
up might not have high accessibility to places such as shopping places
and workplaces because of their low-dense urban development. Resi-
dents living in low ADI value areas might be sensitive and not easily
satisfied by low accessibility to those places (Wachs et al., 2020). By
contrast, residents in high ADI value areas might not have sufficient
capacity to acknowledge the existence of nature, although it can be an
element to improve their well-being, as shown in the results of Higher
ADI subgroups.

Subjective nature relatedness assessed by the NR can be important
for any subgroup; however, correlations between NR and the well-being
indicators were detected only in certain subgroups, especially in sub-
groups with lower ADI values. A possible explanation for this correlation
pattern is that a certain capacity might be necessary to make nature
relatedness effective for improving well-being (Milliron et al., 2022).
Such capacity can be enhanced by environmental education and
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learning about the value systems focusing on nature-human relation-
ships. Notably, certain components of the NR can have negative effects
on well-being (Dean et al., 2018). Some people strongly connected to
nature are deeply concerned about the current conditions of nature, and
as a result, a strong NR can have negative effects on their well-being.

A possible reason for the correlation between childhood nature
experience and health-related indicators while controlling variables
related to nature visits and nature exposure is that childhood nature
experience may provide support for subjective aspects of people and
facilitate healthier decisions in different life stages, making people
aligned with nature (Wood & Smyth, 2020). Furthermore, childhood
nature experience showed a complex pattern of correlations with the
well-being indicators. There might be different backgrounds for lower
and higher ADI value areas for this correlation pattern. For the areas
with lower ADI values, the nature experience is effective for self-rated
health conditions in the context of High Urbanicity; however, in the
context of Low Urbanicity, people are surrounded by nature and have
the capacity to access natural lands (Fig. 3); as a result, the relative
importance of nature experience for them can be low. Regarding the
areas with High Urbanicity and higher ADI values, people have limited
nature experiences (Fig. 3), and they cannot have the same effect on
their self-rated health as do residents in areas with High Urbanicity and
lower ADI values. For the areas with Low Urbanicity and higher ADI
values, people have a certain level of nature experience (Fig. 3), and
they are surrounded by nature; however, they do not have capacities or
opportunities to access or acknowledge nature; as a result, the relative
importance of the experience for them can be high.

5. Conclusion

Through the analyses of all respondents and the subgroups, we
identified that each indicator of objective and subjective relatedness to
nature correlated with different well-being indicators. Furthermore, the
correlations were associated with ADI values and urbanicity of re-
spondents’ residential districts. Regarding the objective relatedness to
nature, the frequency of nature visits of high urbanicity subgroups
tended to have positive correlations with more diverse types of well-
being indicators. The nature visits of subgroups with high ADI values
tended to have positive correlations with their self-rated health. The
percentage of non-built-up areas correlated with various well-being in-
dicators of subgroups with relatively high ADI values. However, the
correlation between the land cover indicator and well-being in different
ADI contexts requires further investigation. Regarding the subjective
relatedness to nature, childhood nature experience was positively
correlated with self-rated health and negatively correlated with a psy-
chological health indicator (i.e., K6). The NR positively correlated with
well-being indicators not directly related to health, and correlations
were observed mainly in subgroups with lower ADI values. The analysis
results suggested that objective and subjective relatedness to nature are
positively correlated with the well-being of residents of deprived areas.
Regarding residents in relatively affluent areas, subjective nature
relatedness tended to positively correlate with well-being.

Regarding policy recommendations to reduce inequality in human
well-being related to objective and subjective nature relatedness, op-
portunities for nature visits in high ADI value areas are important
because nature visits tend to be positively correlated with self-rated
health conditions of residents. Strategically enhancing the quality of
existing natural spaces such as parks and riverside places can be an
approach for high ADI value areas. Creating new walkable natural
spaces can also be an option in these areas. Percentage of non-built-up
areas were important for the well-being of the subgroup with rela-
tively high ADI values, implying that accessible natural spaces and the
existence of natural spaces are positively correlated with well-being.
Conserving and restoring natural spaces can be another approach for
the health of residents in areas with relatively high ADI values. Those
interventions can be combined with community events, which can
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Fig. 3. Average frequency of childhood nature experience (NE) (left) and nature visits (NA) (right) in subgroups in Section 3.2.1. Note: Lowest ADI + High
Urbanicity (Q1HU) subgroup’s childhood nature experience is relatively high, although their nature visit frequency is low. Highest ADI + High Urbanicity (Q4HU)
subgroup’s nature experience and nature visit frequency are low. Lowest ADI + Low Urbanicity (Q1LU)’s nature experience and nature visit frequency are high.
Highest ADI + Low Urbanicity (Q4LU) subgroup’s nature experience is relatively high, but their nature visit frequency is low, although their residential areas have
relatively high percentage of non-built-up areas. In these circumstances, relative importance of nature experience is high for Lowest ADI + High Urbanicity and
Highest ADI + Low Urbanicity subgroups that have a certain nature experience and less nature visit frequency.

include visiting natural areas in neighborhoods, and positive effects for
participants’ well-being can be expected because community events
positively influence the psychological well-being of participants based
on their social networks (Harada et al., 2021). Raising awareness of and
interests in nature through community events is also important (Boyd
et al., 2018).

Childhood nature experience is also a key factor positively correlated
with self-rated health; however, we observed that a certain frequency of
the experience might be necessary to have associations with self-rated
health. Distributing opportunities for childhood nature experience can
be an option for future adults’ health in high and low ADI value areas.
Although redesigning and creating parks and the promotion of nature
experience can be implemented in a top-down manner, bottom-up ap-
proaches and reflecting residents’ perceptions on relevant policies and
environmental education are necessary (Sato et al., 2023).

As our findings are basically consistent with the results of studies
conducted in different local contexts, the interventions for objective and
subjective nature relatedness might be applicable to other countries and
regions, particularly for other Monsoon Asian cities with similar socio-
ecological contexts; however, further research is necessary in Asian
contexts and cultural and environmental differences should be consid-
ered. Furthermore, in the implementation phase of the interventions,
local conditions, including administrative processes of site selection to
create or improve natural areas and land use regulations, should be
considered. Regarding the findings on childhood nature experience, the
results were obtained in the context of Japan experiencing a significant
decrease in nature experience, especially among young generations
(Uchiyama et al., 2022). Further research to test the correlations be-
tween childhood nature experience and human health in different local
contexts is required.

Regarding the limitations of this research and further research, re-
lationships between the independent variables were not analyzed. For
example, place attachment seems compatible with high percentages of
greenery in residential areas (Jennings & Bamkole, 2019); however,
Uchida et al. (2022) reported contrasting results, warranting further
analysis. We conducted a cross-sectional study, and it could not impli-
cate causal relationships between the variables. In further research, time
series analysis of key factors for well-being would also be useful. People
can move between residential areas with different ADI values and local
environments. In this circumstance, their experience of house-moving
might change the key factors (e.g., nature visits and nature
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experience) for their well-being, such as self-rated health and life
satisfaction.

We focused on the ADI in this paper to implicate the area-based in-
terventions; however, comparisons between the analysis results focusing
on area-level and individual-level deprivations could be conducted in
further research to understand the significance of deprivation at
different levels. We analyzed household income as an individual-level
deprivation variable and detected positive correlations between in-
come and life satisfaction. This finding suggests that an income-related
inequality of life satisfaction exists in each ADI subgroup. Furthermore,
in the Lowest ADI subgroups in Section 3.2.1, correlations were
observed between the income and psychological health assessed by K6
and self-rated health, suggesting that an income-related inequality of
health conditions exists in relatively affluent districts. For individual-
level supports, supports for the health of people with a low income
but residing in affluent areas are necessary.

The background of nature visits, such as motivation and purpose of
nature visits, was not included in our research focus. However, these are
important factors that require analysis in further research. As suggested
by research on physical activities and self-rated health (Harada et al.,
2024), the motivation and purpose of activities can affect their efficacy.
In addition, we did not consider the detailed types of ecosystems or
natural elements. People value nature differently depending on the
natural elements and their combinations (Tsurumi et al., 2018). Thus,
further analysis of the effects of various types of ecosystems on the well-
being of people with different socioeconomic status and environmental
backgrounds is necessary. Finally, the potential bias of the data obtained
through online surveys should be considered and postal mail surveys
and interview surveys should be conducted to complement the results of
online surveys.
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