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e We assessed people’s connection to nature across 23
countries worldwide
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among these countries

e This variation is explained by several country-level factors

e Individual-level factors also play a key role in explaining
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In brief

By surveying over 22,000 young adults
across 23 countries, we found substantial
variations in individuals’ psychological
and physical connections to nature.
These differences were explained by
country-scale factors such as
socioeconomic conditions, cropped land
cover, and biodiversity levels. Our
findings emphasize the importance of
considering country-specific contexts
when evaluating people’s connection to
nature and devising effective
enhancement strategies.
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SCIENCE FOR SOCIETY The connection people have with nature is crucial for both human health and envi-
ronmental sustainability. The strength of this connection is known to be influenced by personal factors, but it
can also be shaped by broader country-level factors, as these influence cultural norms, values, and oppor-
tunities for interacting with nature. Nevertheless, the significance of country-level factors remains poorly un-
derstood due to the scarcity of studies employing a cross-country approach, especially outside the Global
North. In this study, we reveal substantial variation in people’s connections to nature across countries.
This variation is influenced by several country-level factors (socioeconomic development level, biodiversity
level, and land use), although individual-level factors (such as education level and social status) still play a key
role. Our findings highlight the diversity of people’s relationships with nature across societies.

SUMMARY

Enhancing pro-nature behavior across societies is a key sustainability challenge, with people’s connection
to nature recognized as a primary driver. Understanding how this connection varies across countries and
regions and the factors influencing it is, therefore, a crucial step in addressing this challenge. However, this
remains poorly understood due to the scarcity of cross-country studies, particularly outside the Global
North. Using data from a survey spanning 23 countries worldwide, we identified substantial variations in in-
dividuals’ psychological (cognitive) and physical (experiential) connections to nature. These differences are
influenced by several country-level factors, such as socioeconomic development and the extent of culti-
vated land, alongside individual-level factors like education level and social status. The broad variation
in connection to nature revealed by our study provides valuable insights for predicting large-scale spatial
patterns of this connection and identifying regions where targeted efforts are most needed to strengthen it

effectively.

INTRODUCTION

The physical and psychological connections people have with
nature are crucial for both human well-being and environmental
health.”™ From a human well-being perspective, direct interac-
tions with nature have positive impacts on a diverse range of
health outcomes, and these benefits are increasingly recognized
in public health initiatives and urban greening strategies.””” An
individual’s emotional connection to nature is also known to be
closely linked to their subjective well-being.®° From an environ-
mental perspective, fostering such connections also enhances
environmental protection efforts.’®'" Individuals with knowl-
edge, interest, and active engagement in nature are more likely
to support pro-environmental policies and management ac-
tions.”'* Consequently, it is increasingly acknowledged that

addressing the ongoing disconnection between humanity and
the rest of the natural world is essential for establishing a sustain-
able and harmonious relationship between the two." "

With growing recognition of the dual benefits of a connection
to nature for both human and environmental health outcomes, '™
it has become increasingly important to understand what shapes
the strength of individuals’ physical and psychological connec-
tions to nature. Research has demonstrated that this strength
varies greatly among individuals within specific regions, with a
range of environmental and socioeconomic factors identified
as key determinants.”'>~'® For example, individuals with higher
social status, higher educational levels, and greater access to
green spaces tend to exhibit a stronger sense of oneness with
nature and more frequent direct nature experiences in natural
settings.” """
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While research has predominantly focused on individual-level
factors in explaining connection to nature, it can also be strongly
influenced by broader societal influences, such as country-level
factors. Indeed, recent studies suggest that individuals’ percep-
tions and attitudes toward nature are linked to the socioeco-
nomic and environmental circumstances of the countries where
they live, including levels of urbanization and economic develop-
ment. 922 Despite this, there is surprisingly limited insight into
how connection to nature differs across countries and what fac-
tors contribute to this large-scale variation. Previous research
has primarily focused on samples from specific regions and
countries,?® especially from the Global North, lacking a system-
atic analysis that includes a diverse range of countries. Although
some studies have attempted to address this gap, they have
been limited by small sample sizes, restricted country coverage,
or a narrow focus on specific aspects of connection to nature
(e.g., nature relatedness).'®"?*> Consequently, a key question re-
mains: is an individual’s connection to nature primarily shaped
by individual-level factors or broader country-level influences,
and which of these is more important?

Understanding the extent and drivers of cross-country varia-
tion in individuals’ connection to nature is crucial for two main
reasons. First, it can inform the development of targeted strate-
gies aimed at enhancing connections to nature, tailored to the
unique circumstances of various regions. As awareness of the
need to transform human behavior toward nature grows,”**
many major environmental policies and strategies increasingly
emphasize the importance of deepening people’s understanding
of, and engagement with, nature and promoting pro-conserva-
tion attitudes and behavior. For example, fostering public aware-
ness, encouraging direct experiences of nature, and promoting
pro-nature actions make up one of the five key strategic pro-
grams of Japan’s National Biodiversity Strategy, established in
2023.%° Likewise, the UK’s Environmental Improvement Plan
2023 includes goals of halting nature loss and actively recovering
nature, improving access to nature, and using natural resources
more sustainably.?® Second, this understanding likely improves
the ability to predict how people’s connection to nature can shift
in response to nation-scale environmental, socioeconomic, and
cultural changes, such as economic growth and urbanization.
Predicting these shifts can help guide proactive strategies and
actions to mitigate potential negative consequences associated
with reduced connections to nature.

Here, we examine the variation in multiple dimensions of indi-
viduals’ connections to nature across countries with diverse
environmental, socioeconomic, and cultural contexts. Using a
questionnaire survey of 22,773 participants aged 20-30 years
across 23 nations (Table S2), we collected data on connection
to nature,'**"-?® along with sociodemographic and personal de-
tails. Given the multifaceted character of connection to nature
and the variation in its use across fields, ' we adopted the defi-
nition proposed by Ives et al.'® and incorporated a broad range
of psychological and physical dimensions of connection to na-
ture at the individual level (see Table S1 and the next section);
some of our measures extend beyond those typically used in
psychological studies.”® Based on our analysis, we demonstrate
substantial cross-country variation in individuals’ connection to
nature, explained by several country-level factors. These find-
ings highlight the importance of incorporating broad-scale envi-
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ronmental, socioeconomic, and cultural variables when assess-
ing and predicting connection to nature on a global scale.

RESULTS AND DISCUSSION

Variation in people’s connection to nature across
countries

To assess individuals’ psychological (cognitive) and physical
(experiential) connection to nature, we used seven measures:
five items for psychological connection (“sense of oneness
with nature,” “perceived personal benefits,” “perceived societal
benefits,” “concern for nature,” and “pro-conservation atti-
tudes”) and two items for physical connection (“recent nature
experiences” and “childhood nature experiences”) (see
Table S1 for the list of measures used). These measures were as-
sessed on a 5- or 7-point Likert scale, with higher scores indi-
cating stronger connections.

Across the 23 study countries, substantial variations were
observed in people’s connection to nature, particularly notable
in their sense of oneness with nature and the two measures
of nature experience (see Figures 1, 2, and S1). The sense
of oneness with nature was highest in Egypt, India, the
Philippines, and Turkey, with over 70% of participants from
these countries reporting a relatively high level (i.e., scoring
higher than 5 on the Inclusion of Nature in Self scale®’; see Fig-
ure 2A). Conversely, this percentage dropped below 40% in
Australia, Germany, Japan, the UK, and the US (Figure 2A).
Similarly, we observed the highest frequency of both recent
and childhood direct experiences of nature in Germany, Russia,
and Turkey, with over 70% reporting occurrences more than
“weekly” (Figure 1). In contrast, this figure fell below 40% in
Ghana and Japan (Figure 1). While the cross-country variation
in the four other psychological connection measures was less
pronounced compared to other connection measures, some
variation still existed, with Japan exhibiting the lowest values
across all four measures (Figures 2B-2E).

The seven measures of connection to nature we focused on
showed positive associations with each other (Figure 3). The
interconnectedness among these variables is not surprising,
given that some connection measures likely act as both causes
and consequences of others. For example, the sense of oneness
with nature is recognized as both a driver and a consequence of
direct experiences with nature.” Similarly, experiences with na-
ture are known to enhance people’s pro-conservation attitudes
and behavior.'"'* However, while there were positive correla-
tions between the seven measures of connection to nature over-
all, these values were not high (Figure 3). This highlights the
multifaceted and complex nature of human connection to nature,
emphasizing the importance of considering multiple aspects to
understand that connection. '°

In the survey, we specifically focused on individuals aged 20—
30 years old rather than a representative sample of each coun-
try’s entire population. This targeted approach offers both limita-
tions and benefits. One significant limitation is that the data may
not accurately represent the overall average population-wide
level of connection to nature in each country. Different age
groups tend to have varying values and degrees of connection
to nature. For example, people in their 20s tend to report lower
levels of oneness with nature®’** and show less concern for
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Figure 1. Likert plots for two measures of physical connection to nature across 23 study countries
(A and B) (A) Recent nature experiences and (B) childhood nature experiences. The values shown in the left, middle, and right parts of each image represent the
percentages of respondents reporting their engagement with nature at different frequencies: 1 (never) to 3 (once every few months), 4 (monthly), and 5 (weekly) to

7 (five or more times per week), respectively, for each country.

pro-environmental attitudes,®® which might suggest that our

findings underestimate the overall level of connection to nature.
However, by standardizing the age of respondents across coun-
tries, we can more effectively assess the impact of country-level
factors on connection to nature within inevitably limited sample
sizes while minimizing the influence of demographic differences
across nations (see subsequent sections).

Explaining cross-county variation in connection to
nature
Drawing from the framework proposed by Richardson and col-
leagues,”® we hypothesized that people’s connection to nature
at the country level is predicted by four primary aspects of a
country’s conditions: physical proximity to nature, consumption
and commerce, utility and dominion, and negativistic (see Ri-
chardson and colleagues’ paper for a more detailed discussion
on the theoretical background for the impacts of each factor
on connection to nature). To capture these aspects, we used
seven measures, ensuring the inclusion of at least one for each
aspect (see Table S2). Due to the significant correlation among
the proportion of the population that is urban, the per-capita
gross domestic product (GDP), the per-capita material footprint,
and the Internet penetration rate (r > 0.80), we combined these
into a single composite factor termed “socioeconomic develop-
ment” using principal-component analysis (PCA). Given the
structure of our data, we used hierarchical regression models
to assess the effects of both individual- and country-level factors
on individuals’ connection to nature (see methods for details).
The results from regression models indicated that the level of
socioeconomic development is a major predictor of connection
to nature. Individuals in countries with higher levels of socioeco-
nomic development exhibited reduced psychological connec-
tions to nature (sense of oneness with nature, perceived per-
sonal benefits, concern for nature, and pro-conservation
attitudes) (Figures 4 and S2; detailed statistical information pro-
vided in Table S3). This decline can be attributed to two primary
factors. First, in these high-income nations, a significant portion
of the population lives in highly urbanized areas where natural

environments and wildlife are often limited in quantity and qual-
ity.>* This physical detachment from nature may consequently
widen the psychological gap individuals feel toward the natural
world.®* Second, countries with higher socioeconomic develop-
ment tend to have increased access to digital entertainment,
such as the Internet and television, which could contribute to a
decrease in people’s interest in and affection for nature (the “vid-
eophilia” hypothesis).*® Third, in these high-income nations,
consumerism and commercialism likely play a dominant role in
shaping societal values, further weakening the connection to na-
ture, as these values typically oppose those that promote a
deeper psychological bond with nature.’® However, the fre-
quency of nature experiences during childhood was higher in
countries with high socioeconomic development levels (Fig-
ure 4). This might be driven by improved safety in local living en-
vironments®” and heightened societal motivation to use nature
experiences to improve health and well-being (“nature-based
health intervention™), especially for urban dwellers.*®

Alongside socioeconomic factors, environmental factors also
played an important role in explaining individuals’ connection
to nature. People in less biodiverse countries expressed lower
levels of concern about environmental degradation (Figure 4).
This may be partly due to shifting baseline syndrome, where peo-
ple’s accepted norms for environmental conditions progres-
sively decline over time.***° Indeed, these countries have expe-
rienced decades, or even more than a century, of large-scale
biodiversity loss due to human activities,*' leading residents to
become accustomed to impoverished environmental conditions
and potentially diminishing their concern for nature degradation.
Interestingly, however, individuals living in countries with lower
biodiversity reported higher frequencies of nature experiences
(Figure 4). This result may be partly explained by the fact that
areas with higher biodiversity often have natural environments
that are less managed by humans and may harbor animals
potentially harmful to humans,** which could limit people’s op-
portunities and motivation to explore nature.

We also found that individuals in countries with a higher pro-
portion of cultivated land reported lower levels of a sense of
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Figure 2. Likert plots for five measures of psychological connection to nature across 23 study countries

(A-E) (A) Sense of oneness with nature, (B) perceived personal benefits, (C) perceived societal benefits, (D) concern for anture, (E) pro-conservation attitudes).
The values in the middle section of the images represent the percentage of respondents who provided a neutral response (3 on a 5-point Likert scale and 4 on a
7-point Likert scale), while the values in the left and right sections indicate the percentages of respondents who provided answers lower and higher than neutral,

respectively.

oneness with nature (Figure 4). While small-scale, organic
farming practices that harmonize with nature do exist, agricul-
tural activities in many modern societies tend to prioritize maxi-
mizing profit from natural resources by intensively managing
land, often through monoculture farming, the heavy use of chem-
ical inputs, and mechanized processes that can degrade eco-
systems.*® This industrial approach likely promotes utilitarian
and dominionistic values, which can erode connection to nature
by reinforcing a worldview where humans perceive themselves
as separate from nature, with the right to control and exploit
it.20'44

We found no negative relationship between natural disaster risk
and the measures of connection to nature examined (Figure 4).
Instead, interestingly, frequencies of childhood and recent nature
experiences were higher in countries with higher disaster risk. One
potential explanation for this result is that countries at greater risk
for natural disasters often have warmer climates and environ-
ments that support high-quality nature-based recreational activ-
ities, such as mountainous and coastal areas.’® These conditions
may, in turn, lead to more frequent nature experiences. To fully
explore the influence of society’s negative beliefs and values to-
ward nature on individuals’ connection to nature, a more in-depth,
social-science-based approach would be needed.

Clearly, there is likely a bidirectional relationship between
country-level socioeconomic and environmental factors and
connection to nature. Over the long term, changes in connection
to nature can influence country-level socioeconomic and envi-
ronmental conditions. For instance, a diminished sense of
oneness with nature resulting from increased socioeconomic
development can lead to decreased participation in pro-conser-
vation behaviors.””"'® This, in turn, may impact biodiversity
levels within the country.“® Similarly, a decline in the sense of
oneness with nature could reduce people’s inclination to live in

4 One Earth 8, 101194, February 21, 2025

and use areas abundant with green spaces, potentially
increasing their physical distance from nature. Understanding
the temporal dynamics of human-nature relationships would
be an interesting avenue for future research.

Relative importance of individual-level factors
In addition to country-level factors, individual-level characteris-
tics also play an important role in influencing connection to na-
ture (Figure 4). People with higher social status reported stronger
connections to nature across all seven measures (Figure 4). This
positive correlation between social status (i.e., wealth) and
connection to nature can be attributed to the “luxury effect,”
where wealthier individuals often have greater opportunities for
positive nature experiences.”” Indeed, it is well documented
that, particularly in urbanized societies, access to natural envi-
ronments from one’s residence is skewed toward groups with
a higher social status.*®*° Given the various health and well-be-
ing benefits that direct experiences with nature offer, ensuring
access to natural components in the areas where individuals
with lower social status reside seems to be critically important
in promoting social equality and environmental justice.®
Individuals with higher levels of education exhibited greater
connection to nature (Figure 4). Education can influence connec-
tions to nature in various ways. For example, it can enhance in-
dividuals’ knowledge about the natural world, contributing to
their “environmental literacy” or “ecological literacy.”®" This
increased knowledge can strengthen the cognitive aspects of
their connection to nature, although the effects of information
provision are often short lived and limited.®> Additionally, certain
educational approaches, such as nature-based learning, likely
provide more direct experiences in natural settings, which are
known to enhance emotional connections to nature.®*** Another
explanation for the positive relationship between education and
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Figure 3. Associations between the scores for each of the seven
measures of connection to nature

The data for all participants were aggregated, and Spearman’s correlation
values are presented.

connection to nature is that individuals with higher education
levels often display traits, such as curiosity and a strong motiva-
tion to explore, that enhance their understanding and awareness
of various subjects, including the natural world.**

The level of urbanization in a person’s living environment was
associated with their connection to nature, though the direction
of this association varied (Figure 4). People living in more urban-
ized areas reported a lower sense of oneness with nature as well
as fewer recent and childhood nature experiences (Figure 4).
This decline is not surprising, given that urban dwellers often
have limited opportunities for direct interactions with nature.
Indeed, in highly urbanized areas, a large proportion of people
often do not engage directly with nature or do so only to a very
limited extent, a phenomenon known as the “extinction of expe-
rience.”®*%* Interestingly, however, those in more urbanized
areas reported higher levels of perceived personal and societal
benefits, greater concern for nature, and stronger pro-conserva-
tion attitudes (Figure 4). One possible explanation for this result is
the potential increase in the emphasis on environmental educa-
tion in urban settings, such as in schools or recreational and
educational venues like museums and zoos.”° Additionally, inter-
ventions and campaigns designed to enhance public engage-
ment with nature and pro-conservation attitudes are often imple-
mented in urban areas.’®>” While it is commonly believed that
urbanization leads to a decrease in people’s connection to na-
ture, their relationship seems to be more complex than previ-
ously assumed.

While this study primarily focused on examining the influence
of external factors on individuals’ connections to nature, we also
found that gender is a significant predictor. Female respondents
reported a stronger psychological connection to nature (Fig-
ure 4). This finding aligns with previous research showing that
women tend to exhibit deeper emotional bonds with nature
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and demonstrate more pro-environmental attitudes and
behavior.®®°° These patterns may reflect broader societal norms
in which women are often socialized to prioritize traits such as
empathy, care, and altruism, whereas men are typically encour-
aged to emphasize independence and competitiveness. Indeed,
environmentalism and conservation, activities that involve caring
for and nurturing nature, are often seen as “prototypical” femi-
nine characteristics.?® Interestingly, despite this stronger psy-
chological connection, female respondents reported less
frequent experiences with nature compared to males (Figure 4).
This disparity may be explained by factors such as increased
concerns about personal safety, including fears of crime and
risks associated with outdoor activities."®

Finally, to ensure the robustness of our results, we conducted
a sensitivity analysis. In our study, the Japanese displayed a
notably lower level of connection to nature compared to the
other countries (Figures 1 and 2), raising the possibility that these
data might have undue influence. To address this, we performed
a reanalysis, excluding responses from Japanese participants
and treating them as outliers (see Table S4). Following this
adjustment, we found that the factors influencing individuals’
connection to nature, both at the country and individual levels,
remained largely unchanged. This highlights the overall reliability
of our findings.

This study focused solely on major individual-level factors
known to influence connection to nature, and there are likely
many others deserving further investigation. For instance, social
norms have been shown to influence people’s engagement with
nature,'® and parental attitudes and behavior toward nature can
also have a similar impact.®’ Gaining a more detailed under-
standing of the role of these personal factors in shaping individ-
uals’ connection to nature will yield more practical insights into
designing policies and strategies aimed at enhancing this
connection, such as urban greening policies and social market-
ing efforts.

Our findings are based on individuals aged 20-30, and thus it
remains unclear whether the predictors of connection to nature
identified here apply to other age groups. Further research
across a broader age range is needed better to understand these
relationships. Nonetheless, our results hold particular impor-
tance given the unique characteristics of this age group. Young
adults are known to exhibit the lowest levels of connection to na-
ture, particularly in terms of psychological engagement, across
the life course.®'~>® Therefore, these findings offer important in-
sights into how to strengthen connection to nature among those
who are highly disconnected from nature. This is particularly
important at a time when people’s connection to nature is grad-
ually declining in many parts of the world.*”

Implications

Using a novel dataset that focusses on a much broader range of
geographically and culturally diverse countries than previous
studies, we have quantitatively measured the variation in individ-
uals’ connection to nature across societies and identified the key
predictors underlying these differences. These findings have sig-
nificant implications from both scientific and practical perspec-
tives. First, they suggest that people’s perceptions, attitudes,
and engagement with nature are likely to be much more hetero-
geneous across societies than currently often assumed. To date,
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significant if their 95% Cls do not intersect the zero-effect line. The circle colors indicate different variables, and unfilled circles denote non-significant results.

studies on connection to nature, particularly within the field of
psychology, have predominantly focused on high-income coun-
tries, especially in Europe.?” Given the findings of our study,
research synthesis based on such skewed research efforts
may lead to inaccurate generalized evaluations of human
connection to nature. Our research revealed that countries
frequently studied (i.e., high-income countries) tended to exhibit
lower levels of connection to nature. Therefore, extrapolating
findings from these studies to wider populations might underes-
timate that existing connection.

Second, our results highlight the importance of considering
country-specific contexts when examining individuals’ connec-
tion to nature. As noted earlier, country-level factors have often
been overlooked in research on connection to nature. However,
our data indicate that these factors can exert as much influence
on individuals’ connections to nature as the individual-level fac-
tors previously identified as important. This highlights the need
for theoretical and empirical investigations to understand
macro-scale patterns in human connection to nature. While our
primary focus was on factors hypothesized to impact connection
to nature based on prior studies (see methods), exploring addi-
tional factors, both at the country and individual levels, could
provide further valuable insights. For example, cultural factors
such as customs and religious beliefs related to nature may pro-
foundly impact individuals’ connections to the natural world.
While research on connection to nature in psychology and sus-
tainability has largely not explored these factors so far, collabo-
rating with fields like anthropology, which has long considered
these influences, could offer valuable insights.

Third, our study emphasizes the importance of implementing
actions and strategies aimed at promoting support for nature
conservation in economically wealthier countries. These coun-
tries wield significant influence over the Earth’s natural environ-
ment due to heightened economic activities and consumption
patterns.®> However, our analysis indicates that, overall, these
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countries exhibit lower levels of psychological connection to na-
ture, a factor that is known to be a key driver of pro-nature be-
haviors.'?'® Therefore, future conservation strategies and initia-
tives, such as those from IPBES,® would benefit from focusing
on enhancing people’s positive emotions and attitudes toward
nature in high-income countries. Importantly, our data reveal
that individual-level factors, possibly associated with people’s
awareness, knowledge, and engagement with nature, play an
equally crucial role as socioeconomic development level. This
suggests that mitigating the decline in connection to nature re-
sulting from economic growth may be achievable through appro-
priate actions and strategies, such as urban greening policies
and environmental education.

METHODS

Questionnaire survey

In 2023, we conducted a questionnaire survey across 23 nations
using internet survey approaches. We used internet panels pro-
vided by a commercial company, SmartSurvey, to recruit study
participants. The survey was conducted in the most commonly
spoken language for each country, with translations and back
translations checked by native speakers familiar with local dia-
lects to ensure accuracy. To mitigate the possible influence of
seasonal variations on participants’ responses regarding their
connection to nature, we conducted the survey during relatively
warm seasons for all study countries. To reduce the impact of
sociodemographic differences in the sample, we targeted indi-
viduals aged 20 to 30 years old and aimed for a gender balance
of 50% male and 50% female. We focused on this specific age
group for two reasons. First, a primary goal of this study was
to explore the relationship between country- and individual-level
factors and individuals’ connection to nature. Including older age
groups could obscure this relationship, as individuals in these
groups may have experienced varying (and often greatly
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different) environmental and socioeconomic circumstances
throughout their life courses. Second, we aimed to examine
childhood nature experiences, and younger individuals are less
susceptible to recall bias, which allows for more accurate report-
ing of their past experiences with nature. The sample size was
determined using power analysis, aiming for more than 700 par-
ticipants in each country. Data from respondents who did not
complete the survey were excluded from the analysis. All study
participants provided informed consent, and the survey protocol
was approved by the Ethics Committee of the Graduate School
of Agricultural and Life Sciences at the University of Tokyo
(permission no. H22-012). Details regarding sample size, survey
seasons, and languages used in each country are provided in
Table S5.

The questionnaire aimed to gather data on individuals’ con-
nections to nature and sociodemographic details (see Data S1
for the list of the variables we collected). Participants were
required to provide self-reported responses to seven measures
of connection to nature: five items for psychological (cognitive)
connection and two items for physical (experiential) connection
(see Table S2 for details about items and answer scales used
for each item). Where possible, we used psychological scales
from previous studies to ensure consistency and comparability
with existing research.'®3%¢® While there are some established
psychological scales for measuring the sense of oneness with
nature that can be applied across diverse cultural settings,**%*
widely applicable scales for other aspects of connection to na-
ture remain limited. Given that this study explores multiple di-
mensions of both psychological and physical connections to na-
ture, we included questions not yet widely used globally. We
acknowledge that some scales may be culturally sensitive,
particularly in terms of language differences, which could influ-
ence the results. These potential impacts were accounted for
in our subsequent analyses (see the analysis section).

Individual-level factors

We collected four personal and sociodemographic factors in the
questionnaire: subjective social status, education level, level of
urbanization of the living environment, and gender. Subjective
social status was measured by the 10 rungs ladder scale devel-
oped by Adler and colleagues.®® Education level and level of
urbanization of the living environment were evaluated on a
four-point Likert scale (Data S1). Gender was recorded in four
categories: “female,” “male,” “other,” and “prefer not to say.”
Country-level factors

Building on the framework proposed by Richardson and col-
leagues,>® we considered four primary aspects of a country’s con-
ditions that could explain people’s connection to nature at the
country level: physical proximity to nature, consumption and com-
merce, utility and dominion, and negativistic. To measure these
aspects, we employed seven indicators: (1) the proportion of
the population that is urban (https://population.un.org/wup/
Download/) and (2) the biodiversity level (assessed by the National
Biodiversity Index, https://www.cbd.int/gbo1/annex.shtml) for
physical proximity to nature; (3) the per-capita material footprint,®®
(4) the per-capita GDP (https://databankfiles.worldbank.org/
public/ddpext_download/GDP.pdf), and (5) the Internet penetra-
tion rate (https://data.worldbank.org/indicator/IT.NET.USER.
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Z8) for consumption and commerce; (6) the proportion of
cropped land cover (https://data.worldbank.org/indicator/AG.
LND.AGRI.ZS) for utility and dominion; and (7) natural disaster
risk (https://reliefweb.int/report/world/worldriskreport-2022-focus-
digitalization) for negativistic. The distribution of per-capita GDP
was highly skewed, so it was log transformed for use in subse-
quent analyses.

Analysis

To explore the relationship between individuals’ connection to
nature and factors at both country and individual levels, we em-
ployed cumulative link mixed models (CLMMs) using the
“ordinal” package®’ in R (v.4.2.2).°® This approach allows for
regression analyses similar to linear models while appropriately
handling ordered categorical factors, such as the Likert-scale re-
sponses used in our measures of connection to nature.

We used scores for the seven measures of connection to nature
as response variables (Table S2). We intended to incorporate
seven country-level and four individual-level factors as explana-
tory variables. However, there was substantial correlation among
the proportion of population that is urban, the per-capita GDP, the
per-capita material footprint, and the Internet penetration rate
(r > 0.80). Consequently, we amalgamated these four country-
level factors into composite factors using PCA. The PCA pro-
duced four axes, with the first axis accounting for the majority of
the variance (84%) (see Table S6). We used only this first axis,
which we termed the socioeconomic development level, as an
explanatory variable in the CLMMs. This approach allowed us to
incorporate all of these socioeconomic factors into the model
while avoiding multicollinearity issues. Since the axis originally
indicated increasing values with decreasing socioeconomic level,
we inverted it for clarity in our analysis. All explanatory variables
were treated as continuous except for gender (Data S1). To facil-
itate direct comparison across variables, we standardized all
continuous explanatory variables to have a mean of zero and a
standard deviation of one. Gender was included as a categorical
variable. We included only respondents who identified as female
or male in the analysis, as those selecting the other two categories
accounted for a very small proportion (2%, n = 460). Given that re-
spondents were nested within each country, we included country
ID as a random effect. Additionally, language was included as a
random effect to account for potential influences of linguistic dif-
ferences on responses. We calculated the mean estimates and
95% confidence intervals (Cls) for each explanatory variable.
We plotted our results as effect sizes and interpreted predictors
as significant if their 95% Cls did not cross the zero-effect line.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and
will be fulfilled by the lead contact, Masashi Soga (asoga@g.ecc.u-tokyo.
ac.jp).

Materials availability
This study did not generate any new physical materials.

Data and code availability
All data and R code used in this study are available from the authors upon
request.
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