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REVIEW ARTICLE

Nature and human well-being: a systematic review of empirical
evidence from nature-based interventions

Ana Silva, Marlene Matos and Mariana Gongalves*
Psychology Research Center, School of Psychology, University of Minho, Braga, Portugal
(Received 19 August 2022, revised 25 May 2023, final version received 14 June 2023)

There is a growing body of knowledge that underlines the role of nature on human
well-being, with an increase in the number of studies that report data on this topic
in recent years. This systematic review provides a comprehensive overview of the
state of the art regarding the impacts of nature-based interventions (NBIs) in both
human well-being and nature-related outcomes (e.g. connection with nature). It also
provides detailed information about methodological approaches, including the
activities performed, measures used and parameters assessed. Thirty-eight studies
met the inclusion criteria, presenting quantitative and qualitative data reporting
positive outcomes regarding psychological (e.g. mental health, mood states,
perceived levels of stress), physiological (e.g. physiological stress, neurocognitive
function) and nature-related outcomes (e.g. connection with nature, attitudes
towards the natural environment). Despite the need to overcome some fragilities
and knowledge gaps, overall, the studies strongly suggest that natural environments
have significant positive impacts on human well-being.

Keywords: well-being; nature; connection with nature; evaluation; intervention

With a current world population of over 8 billion (Worldometer website, on June 10,
2023), our planet’s natural environment is under intensified pressure, resulting in
depletion of natural resources and increasing environmental degradation (Berck, Levy
and Chowdhury 2012), which pose a serious threat not only to natural ecosystems, but
also to human health (WHO 2013). Although much has been achieved, sustainability
is still far from being a reality, with public health and environmental sustainability
being considered two of the major global issues of the twenty first century (Renner
2015; WHO 2015).

With more than half of the world population, as indicated on The World Bank
website, on January 9, 2023, living in urban areas, interactions with nature are becom-
ing alarmingly scarcer (Soga et al. 2018). As Robert Michael Pyle (1993) alerted, this
alienation from nature, which he termed “experience extinction,” leads to the loss of
personal benefits and fosters a disaffection with severe and broad consequences. These
consequences occur at several levels, affecting individuals, societies and the world as a
whole, and range from diminished public health and well-being to a decrease in nature
connectedness and pro-environmental behaviors (Soga et al. 2018).
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1. Ecosystem services and human well-being

The Sustainable Development Goals, proposed in the declaration “Transforming Our
World — the 2030 Agenda for Sustainable Development,” reinforce the connection
between health and environmental sustainability through an integrative framework,
anchored in three pillars — economic, environmental, and social (Smythe 2014; UN
General Assembly 2015). According to Smythe (2014), it is important to address the
SGDs through a holistic human welfare perspective that reinforces the relationship
between the natural and social dimensions. The relevance of natural ecosystems to
human well-being was also highlighted by the Millennium Ecosystem Assessment
(2005). This report stressed the interconnection between natural ecosystem services
and the components of human well-being, including: i) security (e.g. secure resource
access, security from disasters); ii) basic material for a good life (e.g. adequate liveli-
hoods, sufficient nutritious food); iii) health (e.g. strength, feeling good); iv) good social
relations (e.g. social cohesion, mutual respect); and v) freedom of choice (Millennium
Ecosystem Assessment 2005). Despite the fact that human health and well-being are
highly dependent on the environment one lives in (Barton and Grant 2006), life is rap-
idly becoming an urban affair, with more than 54% of the population living in urban
areas (WHO and UN Habitat 2016). As a result of growing urban areas and habits, con-
tact with natural environments has suffered a strong decline (Pedretti-Burls 2007; Maller
et al. 2006), with severe outcomes for individuals, their communities and cultures
(Pretty et al. 2003). Reflecting this growing concern, many researchers from fields such
as environmental psychology, ecology, biology, and psychiatry, have developed studies
about the link between natural environments and human well-being (Biedenweg, Scott
and Scott 2017; Maller et al. 2009). The expansion of research on this topic was also
possible due to: i) the comprehension of health as “a state of complete physical, mental
and social well-being and not merely the absence of disease or infirmity” (WHO 2006, 1),
which enabled the integration of a wider variety of actors and fields of knowledge, reflect-
ing the multidimensional and subjective character of health; and to ii) methodological and
conceptual advances that allowed for in-depth study of topics as the effect of nature-based
experiences in stress reduction (Hartig et al. 2014).

As a result, there is a significant body of knowledge that highlights the positive
role of nature in improving and promoting broad positive outcomes regarding human
well-being (Bowler et al. 2010; Cleary et al. 2017; Hartig et al. 2014; Keniger et al.
2013; Ray and Jakubec 2014). Well-being is a complex and controversial construct
that still fosters debate among researchers (Ng and Fisher 2013; Ryan and Deci 2001).
In this debate, two main streams, reflecting distinct but related components of well-
being, have emerged: subjective well-being (SWB) and psychological well-being
(PWB; Keyes, Shmotkin and Ryff 2002). SWB reflects the hedonic perspective, evalu-
ating life through affective (e.g. overall happiness) and cognitive indicators (e.g. life
satisfaction; Keyes, Shmotkin and Ryff 2002; Ng and Fisher 2013). The eudaimonic
perspective (human potential, growth and purpose) is related to PWB, which assesses
one’s psychological and social functioning (Keyes, Shmotkin and Ryff 2002; Ng and
Fisher 2013).

1.1. Nature-derived benefits

Nature-derived benefits can result from different types of exposure (Beery et al. 2017;
Keniger et al. 2013):
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e Direct: direct exposure implies a physical presence in nature and/or an encounter
with a physically present nature feature (e.g., potted plant in an office).
Interactions can be incidental or intentional. Incidental interactions imply a phys-
ical presence in nature but occur as a by-product of other activities (e.g., expos-
ure to urban greenspaces while walking to work). Intentional nature experiences
imply a direct intention of interaction (e.g., hiking in a forest);

e Indirect: the interaction occurs without a physical presence in nature (e.g., view-
ing images of natural places or nature viewed from a window).

Researchers have identified a broad range of benefits, encompassing aspects of
both SWB and PWB, including: i) physiological (e.g. reduced blood pressure and cor-
tisol levels, reduced mortality rates from circulatory and respiratory diseases, reduced
stress symptoms; e.g. Hartig et al. 2003; Triguero-Mas et al. 2017; Tsunetsugu et al.
2007; Tsunetsugu et al. 2013; Villeneuve et al. 2012); ii) psychological (e.g. improved
mood states, reduced anxiety, increased self-esteem, lower levels of aggression; e.g.
Berto 2005; Hartig et al. 2003; Hine ef al. 2011; Kuo and Sullivan 2001a; Triguero-
Mas et al. 2017; Tsunetsugu et al. 2013; van den Berg, Jorgensen and Wilson 2014);
iii) cognitive (e.g. attentional restoration, reduced mental fatigue, improved cognitive
function; e.g. Hartig et al. 2003; Kaplan and Kaplan 1989; Kaplan 2001; Shin et al.
2011); and iv) social/behavioral (e.g. improved social interaction, lower crime rates,
perceived social safety, enhanced social cohesion and support; e.g. Kingsley and
Townsed 2006; Kuo and Sullivan 2001a, 2001b; Maas et al. 2009). Nature can also
constitute an important resource for child development, leading to opportunities for
self-discovery and promoting self-efficacy, as well as having positive impacts on cog-
nitive, affective, and moral maturation (Kellert 2002; Taylor ef al. 1998; Wells 2000).

Within the scope of studies about the impact of nature on human well-being, special
attention has been given to children and adolescents. As well as in the studies with adult
populations, several nature-derived benefits were identified, ranging from improved
physical and mental health, improved cognitive performance, higher levels of confi-
dence, improved social connections, higher levels of connection with nature (CWN) and
lower levels of behavioral and psychological problems (e.g. Larson, Bowers and
Stephens 2017; Mygind et al. 2021; Piccininni et al. 2018; Sheldrake, Amos and Reiss
2019; Sobko, Jia and Brown 2018). A positive association between CWN and the devel-
opment of pro-environmental behaviors was also identified (Chawla 2020). Raney,
Hendry and Yee (2019) and Fjertoft (2004) highlighted the importance of natural envi-
ronments, especially those in school grounds and surroundings, as promotors of physical
activity, social well-being, creativity and of an improved learning process. As underlined
by Chawla (2020), there is an important generational effect in this dyadic nature-children
interaction, translated by the influence of i) family behaviors and beliefs in the children’s
levels of CWN (e.g. children whose parents value the importance of experiencing nature
have higher levels of CWN); ii) influence of childhood levels of CWN on nature con-
nection in adulthood (e.g. children with higher levels of CWN tend to grow into adults
with higher levels of CWN and more prone to develop pro-environmental behaviors).

2. Pathways and mechanisms

Despite the high number of studies reporting the effects of nature on components of,
or overall, well-being, the underpinning mechanisms responsible for individual and
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collective responses to natural environments and stimuli are not yet fully understood
(Cleary et al. 2017; Bowler et al. 2010). Psychological restoration is widely accepted
as a key mechanism to explain the positive outcomes of contact with nature (Scopelliti
et al. 2016). Kaplan and Kaplan’s attention restoration theory (ART) emphasizes the
role of nature in attention fatigue recovery processes (Kaplan and Kaplan 1989). The
authors propose that nature’s restorative qualities, which allow for feelings of “being
away” and “soft fascination,” promote involuntary attention, enabling recovery and res-
toration of voluntary attention capacities (Bowler er al. 2010; Kaplan and Kaplan
1989; Ohly et al. 2016). In the stress reduction theory (SRT), Ulrich proposes that the
restorative advantage of natural environments derives from our species evolutionary
past and innate connection with nature (Ulrich 1981, 1983, 1984). Psychological well-
being and stress recovery can be fostered by innate and adaptive responses to attributes
of natural environments (e.g. spatial openness, water features) that elicit positive emo-
tional reactions (Bowler et al. 2010; Ulrich et al. 1991). More recently, Hartig et al.
(2014) proposed four intertwined pathways through which natural environments can
affect human health and well-being: air quality, physical activity, social cohesion, and
stress-reduction. These pathways interact simultaneously as nature constitutes a phys-
ical environment, a setting for the expression of individual or social behavior, and
experience (Hartig et al. 2014).

The association between physical activity in natural environments and possible
increased benefits is still unclear due to mixed results. Calogiuri and Chroni (2014)
concluded that physical activity in natural environments provides greater benefits (e.g.
positive emotions, improved psychological states) when compared with urban and
indoor settings. The authors also stressed that increases in levels of connection with
nature appear to mediate the relationship between experiences in nature and positive
psychological states. Conversely, Keniger et al. (2013) highlighted the fact that the
existing data does not allow definite conclusions about whether a natural setting
increases the psychological well-being benefits of exercise.

The effect of specific components of the natural environment is also not yet clear,
with studies providing divergent conclusions. For example, while Fuller et al. (2007)
concluded that there was a positive association between plant biodiversity and psycho-
logical benefits, Dallimer ef al. (2012), using the same method, did not identify a con-
sistent relationship. More recently, Schebella et al. (2019) concluded that, although the
relationship between well-being is not linear, biodiversity has an effect especially in
stress improvement. The authors also highlighted that compared to objectively meas-
ured biodiversity, well-being benefits were more strongly associated with the partici-
pants’ perceptions (e.g. perceived biodiversity, perceived naturalness).

Relevant to the development of eco-friendly behaviors and biospheric-orientated
values, CWN is also associated with several components of well-being, including posi-
tive affect, vitality, autonomy and life satisfaction (Howell et al. 2011; Mayer and
Frantz 2004; Nisbet, Zelenski, and Murphy 2011). Besides benefits to human well-
being, Wolsko, Lindberg, and Reese (2019) also pointed out that higher levels of
engagement with natural environments, for example through physical recreation, seem
to be associated with a greater connection with nature. A mutually beneficial relation-
ship seems to occur with higher levels of CWN leading to more frequent visits that, in
turn, lead to an increase in well-being (Calogiuri and Chroni 2014).

In a world of rapidly rising urbanization and consumption rates, and as interaction
with nature is perceived as more than a survival need (Keniger et al. 2013), it is
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essential to systematize reliable data that sustain decision-making at different levels
(e.g. policy, planning, management), relevant to ensure human well-being. Due to the
wide variety of study features (e.g. aims, type of population, settings, employed inter-
vention and evaluation methodologies) it is difficult to compare results and assess
effect sizes. Even when possible, to perform a meta-analysis, results must be inter-
preted cautiously as the number of studies included tends to be low (Bowler et al.
2010).

In the last decade, several systematic reviews have been published regarding the
relationship between nature and human health and well-being. They have mainly
focused on: i) physical health and behaviour (e.g. Calogiuri and Chroni 2014;
Lachowycz and Jones 2011; Thompson Coon et al. 2011; Twohig-Bennett and Jones
2018); ii) mental health (e.g. Clatworthy, Hinds, and Camic 2013; Gascon et al. 2015;
Lackey et al. 2021; Ohly et al. 2016; Thompson Coon et al. 2011); iii) child develop-
ment (e.g. Gill 2014); and iv) overall benefits (e.g. Bowler ef al. 2010; Di Nardo,
Saulle, and La Torre 2010; Keniger ef al. 2013). While some reviews included a broad
range of natural settings and features (e.g. Di Nardo, Saulle, and La Torre 2010;
Keniger ef al. 2013; Thompson Coon et al. 2011), others were concerned with specific
settings, such as blue spaces (e.g. Britton et al. 2020; Gascon et al. 2017; Volker and
Kistemann 2011). Other reviews also investigated evidence about nature-assisted ther-
apy (e.g. Annerstedt and Wahrborg 2011), gardening (e.g. Clatworthy, Hinds, and
Camic 2013), nature conservation (e.g. McKinnon ef al. 2016), and biodiversity (e.g.
Lovell et al. 2014) relationships with human health and well-being.

The amount of information and the fact that it is deeply fragmented (Martin et al.
2020) emphasizes the need for updated systematic reviews in order to ensure a well-
defined view of the available information, provide an assessment of the quality of evi-
dence, and identify possible bias, gaps and needs. Thus, we conducted a systematic
review in order to i) collate and synthesize available evidence regarding the effects of
direct outdoor interaction with nature on human overall well-being (physical, psycho-
logical, social); ii) analyze procedures, identifying methodological strengths and weak-
nesses; iii) identify relevant recommendations for future research and nature-based
interventions. In this study, and drawing on the broader definitions presented by
Shanahan et al. (2019) and Taylor et al. (2022), nature-based interventions (NBIs)
comprehend a diverse array of programs and activities that allow participants to
experience contact with nature with the specific goal of achieving improved health and
well-being.

3. Methods

This systematic review was conducted following the PRISMA statement guidelines for
reporting systematic reviews and meta-analyses (Liberati et al. 2009; Moher et al.
2009).

3.1. Literature search strategy

In order to prevent a biased literature sample, a comprehensive search was performed
in multiple search engines and databases—Web of Science, Scopus, Pubmed, Science
Direct, and Psylnfo/PsychArticles—using the following search expression: (Health OR
Well-being OR Wellbeing) AND (Mental OR Psychological OR Emotional OR
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Physical OR Social OR Adjustment) AND (“Nature experience” OR ‘“Nature inter-
vention”) AND (Impact OR Effect® OR Efficacy). The final keywords and expressions
were selected after a brief overview of relevant literature to select commonly used
terms. Taking into account the high heterogeneity of the studies’ characteristics, gen-
eral commonly used keywords and expressions were used in order to reduce the prob-
ability of exclusion, due to the lack of a specific keyword or expression and to ensure
that a wide variety of diverse studies (e.g. field of knowledge, intervention and evalu-
ation methods, measured outcomes) would be included. The bibliographies of included
articles and of other relevant reviews were also screened for additional references.
Searches included articles published until July 2020. The accepted languages were
Portuguese, English, French and Spanish. To establish inter-rater reliability, the litera-
ture search was conducted by two researchers who independently screened titles,
abstracts and full texts of potentially eligible studies identified by the search strategy
detailed above, and applied the established eligibility criteria. Any discrepancies were
resolved by discussion with a third researcher.

3.2. Inclusion and exclusion criteria

In order to be included, studies had to: i) report primary empirical evidence regarding
the impact of a nature-based outdoor intervention in overall human well-being and/or
well-being specific components; ii) integrate activities that allowed participants to have
direct contact with nature, i.e., participants are required to be physically present in
nature (e.g. hiking in a forest, gardening, viewing wildlife while seated in a natural
park); iii) present data from continuous or pre/post evaluation; iv) be published in a
peer-reviewed scientific journal. There was no limitation regarding year of publication
or study design, which could be qualitative, quantitative, or present a mixed-methods
approach. Regarding participants’ characteristics, there were no limitations on age and
gender. If an article presented more than one study and only one corresponded to the
inclusion criteria, both were included if the author(s) compared results to draw general
conclusions. Otherwise, only the study that fully fulfilled the inclusion criteria was
included.

Studies were excluded if they only focused on indoor or virtual nature, if the par-
ticipants presented serious mental health conditions or severe physical disorders, or if
they reported data regarding only non-structured interventions (activities with no on-
site intervention by the researcher/monitor; e.g. participants were questioned about
their nature-interaction daily habits, or the NBI was guided through a mobile applica-
tion without the presence of a researcher or monitor). Grey literature, including mas-
ters and PhD theses, reviews, conference proceedings, books and book chapters were
also not included.

3.3. Data collection and synthesis

Two reviewers worked independently on data extraction and quality evaluation of the
studies. Posteriorly, information was compared and agreement was reached via consen-
sus. A standardized data extraction sheet was used to ensure controlled analysis and
data extraction from each article. Information was retrieved about the article (authors,
journal and year of publication, DOI, title) and the studies (country; participants —
number, age, type; intervention — goal(s), setting(s), type of activities, evaluation
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methods and outcome measures; results and main findings; limitations; future recom-
mendations). After an overview of the intervention data presented by the studies, cate-
gories of classification were established regarding three overall themes: study
characterization (Table 1), intervention characteristics (Table 2), and evaluation proce-
dures and statistically significant quantitative results (Table 3). Outdoor environments
were categorized according to Mausner’s five-level classification, due to its usability
in the selected articles’ context (Mausner 1996): (1) totally natural environment —
environment with no visible evidence of human presence. Includes, for example, for-
ested wilderness, deserts, and oceans. Access is very difficult making recreational
activities less likely to occur; (2) civilized natural environment — characterized by the
predominance of natural elements unaffected by human interventions (e.g. forests with
hiking trails, secluded ocean beaches). More accessible to human presence and closer
to human-made structures and amenities. Recreational activities may occur but without
having an impact on the environment; (3) quasi-natural environment — presents a read-
ily apparent human impact, being predominantly composed of natural elements
intended to make the environment appear natural. Designed to enhance aesthetic qual-
ities; aesthetic appreciation tends to be the main human activity performed in such
environments. For example, small landscaped parks, arboreta, and cultivated flower
gardens; (4) semi-natural environment — natural and non-natural elements co-exist,
enabling a balanced interaction between people and the environment. Closer to densely
populated areas, allowing for the performance of several activities, including living
(e.g. living on a farm) and recreational activities (e.g. skiing). May afford a limited
experience of being-in-nature (e.g. small urban parks with cycling and walking paths,
playgrounds, and strong urban influence, as traffic sounds and views of buildings;
community gardens); and (5) non-natural environment — urban settings without open,
undeveloped land (e.g. buildings, roadways, bridges). If natural elements appear, they
seem out of place and exposed to high degradation rates. On another conceptualization,
this can also correspond to settings with abundant natural elements but where human
action has a severe and destructive impact (e.g. degraded areas due to mining or log-
ging practices). Although some level of experimenting “being-in-nature” can occur,
feelings of sadness are more likely to prevail (Mausner 1996). In this study indoor
environments, with the exception of indoor gardens, greenhouses or similar, will be
considered non-natural environments. Regarding duration, interventions were classified
as occasional (occurred for a time period inferior to six months), or continuous if their
duration was equal to or greater than six months. Three categories were established for
activities’ level of structure: structured, semi-structured, and non-structured activities.
In structured activities participants, in groups or individually, were accompanied and
guided throughout the activity. Semi-structured activities could be performed in groups
or individually, and comprised two types: i) participants were accompanied by the
researchers or monitors during the beginning and end of the NBI, being instructed on-
site how to perform the activity, which they would do on their own; or ii) participants
were accompanied throughout the activity but with only an occasional intervention and
guidance from researchers and/or monitors. Data were collected considering three
major dimensions: methods (quantitative, qualitative, mixed methods), evaluation
moments (pre/post, continuous, follow-up) and measures (psychological, physiological,
nature interaction). A narrative synthesis was undertaken to summarize and discuss the
overall results of the studies.
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Table 4. Quality assessment components and rating scale.

Component Description Scale

Hypothesis/aim/objectives Is the hypothesis/aim/objective 1: Yes
of the study clearly 0: No
described?

Selection bias Are the individuals selected to 1: Yes
participate in the study likely 0: No

to be representative of the
target population?

Outcome measure Was the outcome objectively 1: Objectively
measured or self- reported? 0: Self-reported
(If the study applied both
type of measures, classify as
0 if there is a clear
prevalence of self-report
measures)

Type of natural space Was the type of natural space 1: Yes
clearly indicated? 0: No

Natural space use Was the use of natural space 1: Yes
measured? 0: No or unclear

Data collection methods Were valid and reliable tools 1: Yes
used to assess participant 0: No
outcomes?

Level of analysis Was analysis of green space in 1: Individual
relation to outcome carried 0: Ecological
out at individual level or at
ecological (area) level

Precision of the results Were confidence intervals or 1: Yes
p-values given? 0: No

3.4. Methodological quality assessment

The Cochrane Review guidelines indicate the need to assess risk of bias in the studies
included in a systematic review (Higgins et al. 2022). We recognize that there is a risk
of bias in the selected studies, especially selection bias due to non-representative sam-
ple populations and to the fact that many were non-randomized trials. When compared
with randomized controlled trials, non-randomized trials are likely to have a greater
risk of bias (Britton ef al. 2020; Higgins et al. 2022). In addition, the diversity of
research designs in the included studies made it difficult to identify a quality assess-
ment instrument adequate for all individual studies. Hence, we structured an 8-item
checklist (Table 4) based on the quality assessment tools applied by Hanson and Jones
(2015), Lachowycz and Jones (2011), and Thomas et al. (2004). Studies that scored
five or higher were classified as good quality.

3.5. Search and screening process

After completing the screening process for the 1,324 identified studies, 38 were con-
sidered eligible (Figure 1). Regarding quality assessment, all studies obtained scores of
five or higher, being rated of good methodological quality. Hence, no study was
excluded due to a low-quality score. The most represented fragilities concerned the
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Figure 1. Flowchart of the literature search process.
Note: Adapted from the PRISMA flow Diagram (Moher et al. 2009).

possibility of bias regarding population selection (n=38; 100%) and prevalence of
self-reporting measures (n=21; 55.3%).

The 38 included studies were analyzed taking into account five levels: i) study
characteristics (year of publication, country, main goals, participants, and evaluation
method(s); ii) intervention characteristics (duration, level of structure, settings, and sea-
son); iii) evaluation procedures (measures, instruments and parameters,); iv) outcomes
(quantitative and qualitative); and v) limitations and recommendations. When informa-
tion only allowed for a partial classification (e.g. description of some but not all set-
tings), the parameters were classified has “not enough information” (NEI).

4. Results

4.1. Study characterization

Figure 2 shows the study distribution per country, being possible to identify a predom-
inance of studies developed in the USA (n=13; 34.2%) and UK (n=06; 15.8%).
Despite no limit regarding the year of publication, all selected studies were relatively

recent (publication dates ranging from 2003 to 2020), with the majority being pub-
lished between 2018 and 2020 (n=23; 60.5%).
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Figure 2. Studies’ distribution per country.

4.1.1. Main objectives

The studies’ main goals were related to four general types of outcome: i) psychological
(e.g. affect, mood states, attention, stress, restoration); ii) physiological (e.g. blood pres-
sure, heart rate, cortisol levels, neural activity); iii) nature interaction (e.g. pro-environ-
mental behavior, connection with nature); and iv) pathways that link nature to well-being.
Besides the impact of nature contact, several of the studies also established as a goal the
assessment of the possible effect of factors such as: awe (e.g. Anderson, Monroy, and
Keltner 2018), directed attention (e.g. Bratman ef al. 2015a), mindfulness meditation (e.g.
Ibes and Forestell 2022), environmental quality (e.g. Marselle ef al. 2014), and environ-
ment type (e.g. Deng et al. 2020). Comparison between different types of environments
was performed in fifteen studies (39.5%), that verified impact variations between urban
and natural environments (e.g. Berman, Jonides, and Kaplan 2008; Johnson et al. 2019),
and among different types of natural environments (e.g., Gatersleben and Andrews 2013;
Lee et al. 2009; Simkin, Ojala, and Tyrvainen 2020).

4.1.2.  Participants

Overall, the studies reported data regarding a total of 3,653 participants, with sample
size ranging from 8 to 342 participants, of which 57.5% were women. The 16-30 age
group' was the most represented (n =1 672; 45.8%), while the 0 — 15 age group was
the least represented (n=385, 2.3%). University students, the general population
(mainly residents of urban and suburban areas), participants in therapy programs
(nature-based or occurring in nature settings) and in outdoor activities (e.g. walking,
adventure activities) were the more represented categories (Figure 3). A relevant num-
ber of participants (n=1 244; 34.1%) were more nature-oriented than the general
population and/or were already participating in activities that promoted direct contact
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Figure 3. Type of participants.

with natural environments (e.g. regular participants of a group walk program, green
exercise practitioners). Vulnerable groups, including domestic violence victims, war
veterans, youth from underprivileged communities and elderly participants over
70 years old, were present in four studies (10.5%).

4.1.3. Type of studies

All studies were longitudinal; the majority being quasi-experimental (n=29; 76.3%).
Nine studies (23.7%) were experimental, having a control group and randomization
procedures (e.g. Diessner et al. 2015; Ryan et al. 2010); eight (25.5%) were crossover
trials, with participants being subjected to two or more different conditions (e.g. de
Brito et al. 2019; Deng et al. 2020); and 19 (50%) performed random selection and/or
assignment of participants. In most cases, the evaluation method was quantitative
(n=130; 78.9%). Mixed-methods evaluation was applied in eight studies (21.1%) and
no study presented only qualitative methods.

4.2. Interventions and setting characteristics

Table 2 features the included studies, intervention characteristics, including information
regarding outdoor activities performed, settings, activities’ typology and type of inter-
vention, and season.

4.2.1. Outdoor nature activities

Walking and viewing nature were the prevalent activities (Figure 4), with 12 studies
(31.6%) assessing the impact of walking as the sole activity (e.g. Bratman et al.
2015b; Hartig et al. 2003; Irvine et al. 2020) and 6 (15.8%) of only viewing (e.g.
Chen, He, and Yu 2020; Ibes and Forestell 2022). Adding to the indicated number of
studies, it is important to stress that walking and viewing were activities also included in
the outdoor and nature-based programs (e.g. education, conservation and therapy pro-
grams). Seven studies (18.4%) assessed the effects of nature-based therapy programs,
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Figure 4. Outdoor nature activities performed.

including forest therapy programs and nature-based health and holistic development pro-
grams (e.g. Hitter ef al. 2019; Hoag et al. 2013; Lee, Park, and Choi 2020; Silva ef al.
2018). These programs included several activities, including meditation, artistic activities,
walking, viewing, arts and crafts, aromatherapy and listening to nature sounds.

4.2.2.  Settings and season

In the majority of studies (n =23, 60.5%), activities took place in two or more types
of settings. Civilized (n =16, 41%) and quasi-natural (n=17, 44.7%) environments
were the most represented type of natural environment. Only two studies (5.1%) per-
formed activities in totally natural environments (e.g. Simkin, Ojala, and Tyrvainen
2020; Wolf and Housley 2017). Forests/woodlands and urban parks are the most
prevalent nature settings (n=21; 55.3%). Protected natural areas include national wild-
life areas, national and regional parks, wetlands, wildlife preserves, being areas that
provide direct access to well-conserved nature and biodiversity. Authors also high-
lighted characteristics that can contribute to increasing the restorative potential of nat-
ural environment, as the presence of water features, plants, topography landscape, and
of aesthetic values (e.g. Deng et al. 2020; Silva et al. 2018).

Twenty-nine (76.3%) gave information about the time of year when the activities
and/or data collection took place. Winter was the less studied season, while the major-
ity of studies (n=19; 52.6%) took place, completely or partially, during the Spring.
Of the studies that cover more than one season (n=18; 40.2%), only one (Berman,
Jonides, and Kaplan 2008) verified whether a seasonal effect occurred, concluding that
the season had no effect. Although not assessing a seasonal effect, Olszewska-Guizzo
et al. (2020) obtained stronger effects after controlling for environmental conditions,
which led the authors to suggest that weather conditions may constitute a serious con-
founding factor (Figure 5).
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Figure 5. Nature settings.
Note: The category “Green urban area” corresponds to other green urban areas besides urban
parks, as tree corridors or lawns.

4.2.3.  Activities’ typology and type of intervention

Structured activities were featured in 21 studies (55.3%) and semi-structured activities
in 22 (57.9%). Four studies (10.5%) featured mixed typologies.

The majority of the interventions (n =37; 97.4%) had an occasional character, with
only one study assessing the impact of a continuous intervention (Wolf and Housley
2017). Total exposure time to natural environments ranged from less than 10 min (e.g.
Olszewska-Guizzo et al. 2020) to one year (e.g. Wolf and Housley 2017).

5. Evaluation procedures

Evaluation procedures and statistically significant quantitative results are presented in
Table 3. As in the review by Bowler et al. (2010), we also verified a high variability
in evaluation methodology, with the assessment of different outcomes through different
measuring instruments and techniques. Frequently, the same parameter was assessed
by distinct instruments. For example, connection with nature was assessed by the
Nature Relatedness Scale (NRS; Nisbet ef al. 2009) and by the Inclusion of Nature in
Self (INS; Schultz 2001). Within the studies that performed follow-up evaluation (e.g.
Anderson, Monroy, and Keltner 2018; Hoag et al. 2013; Razani et al. 2018; South
et al. 2018), follow-up periods after intervention completion were quite diverse, rang-
ing from one week (e.g. Anderson, Monroy, and Keltner 2018) up to 18 months (South
et al. 2018).

Psychological outcomes (e.g. mood states, rumination, anxiety, mental health) were
assessed in all of the included studies, mainly through self-reported measures. The
most commonly applied were the Positive and Negative Affect Scale (PANAS, full or
short form; n=10; 26.3%), the Perceived Stress Scale (PSS; n=4; 10.5%) and the
Profile of Mood States (POM, full or short form; n="7; 18.4%). Physiological meas-
ures (e.g. blood pressure, heart rate, salivary cortisol, brain activity,) were assessed in
14 (36.8%) studies, while only seven (18.4%) analyzed the impact of NBIs in nature-
interaction features, as pro-environmental behavior and nature connection.
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5.1. Quantitative outcomes

Quantitative analysis provided data regarding psychological, physiological and nature
interaction outcomes. There was a clear emphasis in self-reported measures in the
majority of the studies (=21, 55.3%). Despite this prevalence, it is important to
underline that 22 studies (57.9%) used, at least, one objective measure.

5.1.1. Psychological outcomes

The mainly assessed psychological outcomes were related to mental health, mood and
cognitive function. Except for two studies (Diessner et al. 2015; Olszewska-Guizzo et al.
2020), all the studies reported significant improvements regarding mental health and/or
mood outcomes. Perceived stress was assessed in nine studies (23.7%), with all reporting
a significant reduction after the NBI (e.g. Anderson, Monroy, and Keltner 2018;
Arbuthnott and Sutter 2019; Koselka et al. 2019; Wolf and Housley 2017). Twelve stud-
ies (31.6%) reported data about the participants’ cognitive functioning. In the majority of
those (n = 8), significant positive improvements were reported (e.g. Berman, Jonides, and
Kaplan 2008; Bratman et al. 2015a; Hartig et al. 2003; Hoag et al. 2013).

5.1.2.  Physiological outcomes

Fifteen studies (39.5%) included physiological measurements. Cortisol levels were
assessed in three studies, all of which verified a significant reduction after the nature
experience (Lee et al. 2009; Razani et al. 2018; van den Berg and Custers 2011).
Other parameters, such as heart rate variability (HRV), brain and neural activity, and
blood pressure obtained mixed results, with some studies reporting significant
improvements (e.g. Bratman et al. 2015a; Chen, He, and Yu 2020; Jeon, Yeon, and
Shin 2018), while others verified no significant changes (e.g. Olszewska-Guizzo et al.
2020; Stigsdotter ef al. 2017; Yu and Hsieh 2020). The studies by Deng et al. (2020)
and Yi ef al. (2019) also suggest that the type of natural setting and activities per-
formed influence the physiological outcomes. For example, in the study by Yi ef al.
(2019), heart rate variability increased significantly in the breathing program and not
in the walking program. Olszewska-Guizzo et al. (2020) stressed that weather condi-
tions may be a potential confounding factor, especially in regions where they suffer a
strong variation.

5.1.3. Nature interaction outcomes

Of the seven studies that assessed nature interaction outcomes before and after the
intervention, four reported significant improvements in levels of nature connection
(e.g. Arbuthnott and Sutter 2019; Cervinka, Schwab, and Haluza 2020), attitudes
towards the natural environment (e.g. Hinds 2011), and of nature affinity (e.g. Razani
et al. 2018). In the study by Silva et al. (2018), while there was no significant vari-
ation in the NRS total score, there was an increase in the post-intervention values and
a significant improvement in one of the NRS’s dimensions: the NR-Self (internalized
identification with nature, i.e. how strongly people identify with the natural environ-
ment, reflecting feelings and thoughts).
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5.2.  Qualitative outcomes

Of the studies included, seven (18.4%) presented qualitative data whose analysis
allowed conclusions about the interventions’ impact and characteristics (settings, activ-
ities performed, format, duration), and also infer pathways through which contact with
nature relates to human well-being.

5.2.1. Intervention impact on overall well-being and components

Different nature experiences (e.g. green exercise, outdoor adventure activities, conser-
vation work, leisure, therapeutic) led to an increase in positive feelings such as joy,
gratitude, amusement, calm, awe, security, and being away from stress, as well as
stress reduction (Anderson, Monroy, and Keltner 2018; Hinds 2011; Maund et al.
2019; Silva et al. 2018). For many participants, the lived nature experiences led to a
strong sense of belonging and companionship, providing opportunities for constructive
group interaction and strengthening social support networks (Hinds 2011; Maund ef al.
2019; Silva et al. 2018; Wolf and Housley 2017). The acquisition of new working and
social skills (e.g. capacity to interact with others, development of coping strategies)
and knowledge about nature (e.g. species identification) and new places, was also
pointed out by participants (Hinds 2011; Silva et al. 2018; Wolf and Housley 2017).
Increased sense of self-efficacy (e.g. higher self-esteem, confidence and accomplish-
ment; Hinds 2011; Maund et al. 2019; Silva et al. 2018; Wolf and Housley 2017), and
of place (Silva et al. 2018) were reported. Contact with nature also promoted the
development of positive feelings towards the natural environment and environmentally
friendly behaviors (e.g. animal rescue, litter picking; Maund et al. 2019; Hinds 2011,
Silva et al. 2018). In the study by Lee et al. (2009), participants also identified several
advantages of therapy in natural environments, including: easier rapport, lower aver-
sion to the term “psychotherapy,” strong levels of immersion and reduced self-defense.

5.2.2.  Nature-based intervention characteristics

Participants highlighted several intervention characteristics that were important to them.
In the studies by Maund et al. (2019), Silva et al. (2018), and Wolf and Housley (2017)
group format provided an opportunity to reinforce participants’ social support network,
to make new friends and develop interpersonal skills. The inclusion of activities that
allowed for personal growth and learning opportunities was also relevant for several par-
ticipants (e.g. Hinds 2011; Silva ef al. 2018; Wolf and Housley 2017). Natural settings
characterized by an appealing natural beauty, biodiversity (species of fauna and flora),
and with water features appear to be indicated to promote overall well-being and/or
have a positive impact on specific well-being features (e.g. Maund et al. 2019; Silva
et al. 2018). Silva et al. (2018) verified that the opportunity to participate in the activ-
ities with children was identified by several participants (mothers whose children were
also integrated in the nature-based intervention) as a strong point.

5.2.3. Pathways

In the study by Anderson, Monroy, and Keltner (2018), participants highlighted experi-
ences of awe and of positive feelings, suggesting that positive emotions, such as awe,
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contentment, and gratitude, are mediators of the effect of nature on well-being.
Individual experience of nature comprehended contemplation (e.g. watching the sunset,
watching water flow, appreciating beauty), sensorial engagement (e.g. smelling plants,
listening to birds, touching grass or water), and directed attention (e.g. noticing bloom-
ing flowers; paying attention to details, sounds and sights; noticing surrounding
nature). The findings of Chen, He, and Yu (2020), which indicated a significant
increase in functional connectivity after exposure to a natural environment, also
reinforce the role of directed attention in restorative processes.

5.3. Limitations and recommendations

Authors pointed out important limitations that require results to be cautiously inter-
preted. The most commonly mentioned limitation was non-representative samples due
to type of participants or small sample size (e.g. Arbuthnott and Sutter 2019; Jeon,
Yeon, and Shin 2018; Lee et al. 2009; Mutz, Miiller, and Goring 2019; Hitter et al.
2019; Pretty et al. 2007; Silva et al. 2018; Simkin, Ojala, and Tyrvainen 2020; South
et al. 2018; Stigsdotter et al. 2017). Evaluation procedures — lack of follow-up evalu-
ation (e.g. Bratman ef al. 2015a; Gatersleben and Andrews 2013; Mutz, Miiller, and
Goring 2019; Silva et al. 2018; South er al. 2018), instruments’ fragilities (e.g.
Diessner et al. 2015; Hinds 2011; Silva et al. 2018; South et al. 2018; Stigsdotter
et al. 2017) and prevalence of subjective outcomes through self-reporting instruments
(e.g. Cervinka, Schwab, and Haluza 2020; de Brito et al. 2019; Silva et al. 2018) —
was the second most mentioned limitation. Settings also constituted an important limi-
tation due to, for example, the presence of dominant urban features (e.g. Diessner
et al. 2015), reduced number of environments tested (e.g. Lee et al. 2009) and insuffi-
cient attention to constituent elements (e.g. Chen, He, and Yu 2020). The lack of con-
trol of extraneous factors with a potential influence on the results was also highlighted
as a limitation by several authors. Previous life experiences (e.g. Silva et al. 2018),
lifestyle during the time of the experience (e.g. Hitter et al. 2019), weather conditions
(seasonal effect; e.g. Stigsdotter ef al. 2017), social approval or social desirability (e.g.
Diessner et al. 2015), and the role of company (e.g., Gatersleben and Andrews 2013)
were the most cited factors, with authors stressing the need for further investigation
regarding their influence. Pasanen ef al. (2018), whose study featured a semi-structured
intervention, mentioned that different routes led to some difficulty in wayfinding that
may have caused participants to have different experiences of the natural settings.
Other limitations were i) intervention’s short duration (e.g. Johnson et al. 2019); ii)
drop-out rates (e.g. Hoag et al. 2013); iv) lack of control/comparison group (e.g. Mutz,
Miiller, and Goring 2019; Razani et al. 2018; Silva et al. 2018; Yu and Hsieh 2020);
and v) no separation between effects of nature and of exercise (e.g. van den Berg and
Custers 2011).

Larger and more diversified, and thus more representative, sample populations
were frequent recommendations (e.g. Deng et al. 2020; Gatersleben and Andrews
2013; Hoag et al. 2013; Lee et al. 2009; Pasanen et al. 2018; Ryan et al. 2010; van
den Berg and Custers 2011). Regarding the participants’ diversity, de Brito et al.
(2019) highlighted the need to include participants from multiple geographical loca-
tions and from high-risk groups. Future research with larger and more diverse sam-
ples, including with different vulnerable groups, was also suggested (e.g. Deng ef al.
2020; Silva et al. 2018). Authors such as Hinds (2011), Razani et al. (2018), and
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Silva et al. (2018), recommended the inclusion of control groups in future research,
with Yi et al. (2019) stressing the importance of performing similar interventions,
although in a different setting, with the control group. Authors such as Johnson et al.
(2019), whose study featured an NBI with a duration of 30 min, questioned whether
the amount of time spent in nature was sufficient to lead to significant improve-
ments. Therefore, and regarding the nature experiences, the authors recommended
that future research should assess the effect of different durations, especially of lon-
ger interventions (e.g. Bratman et al. 2015b; Gatersleben and Andrews 2013;
Pasanen et al. 2018; Yi et al. 2019). Studies assessing the benefits of different types
of natural environments, the relevance of environments’ key features and links to
expected outcomes and specific target audiences were also indicated as a need (e.g.
Bratman et al. 2015a, Bratman et al. 2015b; Gatersleben and Andrews 2013; Silva
et al. 2018). Regarding the settings, Stigsdotter ef al. (2017) stressed the importance
of more research on how specific urban environments can be beneficial for human
health, and de Brito ez al. (2019) recommended that future research should try to bet-
ter understand what green environment characteristics most provide beneficial
impacts. The use of more adequate and comprehensive measurement instruments,
including behavioral and physiological (e.g., Gatersleben and Andrews 2013; Hinds
2011; Pasanen et al. 2018); and continuous and follow-up evaluation to assess long-
term effects (e.g. Bratman et al. 2015a; Hoag ef al. 2013; Razani et al. 2018; Silva
et al. 2018; van den Berg and Custers 2011) were also highly recommended.
Pasanen et al. (2018) reinforce the need to integrate qualitative approaches. Bratman
et al. (2015a) and Marselle et al. (2014) also highlighted the need to carefully design
experiments that allow for effects to be isolated (e.g. in a green exercise intervention,
differentiating the effects of exercise and of being in nature. The role of participants’
characteristics (e.g. Bratman et al. 2015a), variations in frequency and type of nature
experience (e.g. Bratman et al. 2015b), and causal mechanisms (e.g. Bratman et al.
2015a), were recommended as topics for future research. While group format was
perceived as an advantage by several participants (e.g. Maund et al. 2019; Silva
et al. 2018; Wolf and Housley 2017), Johnson et al. (2019) stressed that group-based
exposure designs should assess the participants’ comfort associated with participation
in groups. Mutz, Miiller, and Goring (2019) stressed that outdoor experiences should
have a stronger integration in school curricula; and would be more available for ado-
lescents form disadvantaged backgrounds.

6. Discussion

With the majority of the world’s population living in urban areas, the increasing
detachment from the natural world may be negatively impacting several dimensions of
human life and well-being, as well as levels of engagement with pro-environmental
initiatives and behaviors (Capaldi et al. 2015; Martin et al. 2020; Nisbet and Zelenski
2013; Twohig-Bennett and Jones 2018). Thus, for both public health and nature con-
servation, the “extinction of experience” is one of the major obstacles to overcome
(Soga et al. 2018).

Since 2020, the pandemic by SARS-COV-2 (COVID-19) has caused profound
impacts on all dimensions of human life, including mobility patterns, overall physical
and psychological health, and social interactions and behaviour (Bates et al. 2020; Chu
et al. 2020; Kitukutha, Vasa, and Olah 2021). During the COVID-19 pandemic, nature
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was an important predictor, and promotor, of physical and psychological health (e.g.
Hubbard et al. 2021; Javelle et al. 2021; Quarta et al. 2022; Poortinga et al. 2021;
Robinson et al. 2021). In the aftermath of this pandemic, understanding the role of
nature on human well-being and how it can be used to mitigate the negative impacts
of the COVID-19 pandemic has gained renewed importance.

This review focused on studies that assessed the impact of outdoor nature on
human well-being, identifying 38 relevant studies that reported a plethora of psycho-
logical, physiological and nature interaction outcomes. Overall, the evidence strongly
suggests that outdoor nature has a significant beneficial impact on human well-being,
leading, for example, to improved mental health and cognitive function, positive mood
states, and reduced levels of stress. Nature-based interventions (NBIs) seem to be
beneficial to both subjective and psychological well-being, contributing, for example,
to an increase in positive emotions and life satisfaction (e.g. Anderson, Monroy, and
Keltner 2018), as well as to an improvement in personal psychological and social func-
tioning (e.g. Hoag et al. 2013).

The studies’ results relate to the theories proposed by Kaplan and Kaplan (ART;
1989) and Ulrich (SRT; 1981, 1983, 1984), stressing the restorative potential of natural
environments through attention fatigue restoration processes and by reducing stress
levels. Qualitative and quantitative results emphasize how nature experiences have led
to increased levels of attention and fascination (e.g. Pasanen et al. 2018; Silva et al.
2018). Stress reduction was shown not only through perceived stress levels (e.g.
Anderson, Monroy, and Keltner 2018; Koselka ef al. 2019), but also in the analysis of
psychological parameters as salivary cortisol (e.g. Lee et al. 2009; Razani et al. 2018).

The findings from the studies included provide relevant information for the devel-
opment of programs and activities aiming to promote human well-being through access
to nature-derived benefits. The type of environment, the type of contact, and activities
performed are aspects that influence the effect of contact with nature on human well-
being.

6.1. Nature settings: environments and relevant features

Regarding the comparison of different environments, the data suggest that i) natural
environments are significantly more restorative than urban environments (e.g. Bratman
et al. 2015a; Bratman ef al. 2015b; de Brito et al. 2019; Koselka et al. 2019), ii) nat-
ural environments with high levels of prospect and low levels of refuge are restorative,
while exposure to environments with low levels of prospect and high levels of refuge
may increase stress and attention fatigue levels (e.g., Gatersleben and Andrews 2013),
an idea also reinforced by Deng et al. (2020), who defended that a topography land-
scape type, with balanced levels of prospect and refuge, has higher restorative benefits;
and that iii) older forests have more restorative benefits than younger ones (e.g.
Simkin, Ojala, and Tyrvainen 2020). Natural areas with an appealing natural beauty,
high biodiversity and water features, as well as with high levels of prospect and low
levels of refuge seem to be more effective in promoting human well-being (e.g. Deng
et al. 2020; Gatersleben and Andrews 2013; Silva et al. 2018). Areas with reduced
human influence appear to be more beneficial to both human well-being and CWN. As
Hailwood (2014) stated, a thoughtful immersion with nature in places where human
influence is less imposing is important to reduce estrangement from non-human nature.
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Adding to the type of environment, it is important to take into account its conser-
vation status and quality, as encounters with nature with perceivable degrees of deg-
radation or destruction may have negative effects (e.g. sadness, anger, fear; Martin
et al. 2020; Soga and Gaston 2016).

6.2. Contact with nature: types and duration

In the included studies, contact with nature was intentional, i.e. participants were
required to be physically present and have the intention to interact with nature
(Keniger et al. 2013). This type of interaction appears to be more beneficial than, for
example, incidental interactions that may occur through incidental contact with neigh-
borhood greenspace (Martin et al. 2020). Spending time in nature also seems to be
relevant for a stronger connection and engagement with the natural world, and for the
development of pro-environmental behaviors (e.g. Howell et al. 2011; Nisbet,
Zelenski, and Murphy 2011). More recently, Martin et al. (2020) also found positive
associations between nature connectedness and pro-environmental behaviors. These
findings are in accordance with the results of the studies developed by Razani ef al.
(2018), Silva et al. (2018) and Wolf and Housley (2017), which reported significant
higher levels of nature affinity, internalized identification with nature, pro-environmen-
tal orientation, and environmental concern, respectively. Thus, nature-derived benefits
extend beyond direct impact on human well-being, assuming a holistic impact of
extreme importance for the development of healthier and sustainable societies (Ives
et al. 2017).

Studies that assess the impact of long-term continuous contact with nature are quite
scarce and the information regarding effective duration and frequency of contact are
sparse and not unanimous. Whereas White ef al. (2019) suggested 120 min as a thresh-
old below which contact with nature was not sufficient to produce significant benefits.
A review by Meredith ef al. (2020) concluded that time in nature has a positive effect
on several aspects of well-being and that benefits can be felt with 10-20 min of sitting
or walking in a vast array of nature settings. In the included studies, benefits are
reported in interventions as brief as 2 min (Olszewska-Guizzo et al. 2020), but there is
no information regarding how long the identified positive effects remain. The same
limitation is present in the study by Johnson et al. (2019). The authors concluded that
a 30-40 min exposure to nature would be beneficial, while alerting to the need for
increasing time in nature, but no information about the durability of the beneficial
effects is provided. The same limitation was identified in the Ibes and Forestell (2022)
study, with the authors stating that it was unclear how long the beneficial effects of
meditation and spending time outdoors would last.

6.3. Sustainability and social inclusion

The Sustainable Development Goals framework operates through a comprehensive per-
spective of development, human rights and well-being, and responsible interaction
with the natural environment (Silva 2021). The findings of this review reinforce the
SDGs’ integrative framework, connecting CWN to all dimensions of human well-being
and highlighting its importance for nature conservation and vulnerable social groups.
Although there is not a high number of studies that address the impact of NBIs on
the well-being of vulnerable populations, in the review by Twohig-Bennett and Jones
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(2018) stronger associations were identified between greenspace exposure and health,
birth outcomes and morbidity in participants from lower socioeconomic status groups
and most deprived areas, as well as in those with under ten years of education. The
authors defended that greenspaces may be an important resource in mitigating health
inequalities and that developing strategies and interventions for vulnerable groups is
needed (Twohig-Bennett and Jones 2018).

In this context, it is important to highlight the studies undertaken by Anderson,
Monroy, and Keltner (2018), Hinds (2011) and Silva et al. (2018) that reinforced the
benefits of nature for vulnerable social groups (e.g. marginalized youth, domestic vio-
lence victims), strengthening the importance of including nature as a resource in com-
munity intervention projects aiming towards participants’ empowerment and capacity
to face adverse situations. In the review by Hartig et al. (2014), physical activity and
social cohesion were highlighted as possible relevant components of nature experien-
ces. These components were also valued by several participants of the studies included
in the current review. The results, especially those derived from qualitative evaluation,
show that several nature experiences (e.g. green exercise, leisure) appear to be benefi-
cial, especially if performed in group format, and in natural areas with little or no
urban features (e.g. Hinds 2011; Silva et al. 2018; Wolf and Housley 2017).

6.4. Methodological strengths and weaknesses

Several studies performed randomization processes, control group and/or comparison
between different environments. All were longitudinal, with evaluation being per-
formed at, at least, two moments — before and after the trial. While these features may
contribute to increase the studies’ internal validity, several methodological fragilities
were identified, cautioning against the generalization of the results to other contexts.

A pre/post-test design may cause the non-detection of some effects and the absence
of post-test effects may not indicate that the NBI had no impact on the assessed varia-
bles (Bowler et al. 2010). In the study by Hartig et al. (2003), measures of blood pres-
sure were taken before and after the trial, but also at 10-minute intervals throughout
the experience. Although no significant effect was detected in the post-walk test, there
were significant variations in blood pressure during the experience (e.g. significant
reduction in systolic blood pressure at the 30-minute mark).

The majority of the studies assessed the effects of occasional activities and short-
term effects. There was a very small amount of data regarding continuous interventions
and long-term follow-up evaluation. Continuous evaluation was not a prevailing trend,
possibly contributing to missing relevant information regarding effects and mediators.
According to Frattaroli (2006), follow-up periods are an important moderator of psy-
chological health outcomes. In his review, follow-up periods of less than one month
reported larger overall and psychological effect sizes than longer periods, supporting
the conclusion that benefits tend to fade after some time (Frattaroli 2006). There are
several methods to calculate follow-up periods, which should be determined taking
into account the characteristics of the intervention, including duration and participants
(Xue et al. 2017).

From the participants’ perception, structured activities appear to have more bene-
fits, including the reinforcement of the social support network, personal growth, and
acquisition of new skills. However, semi-structured activities were present in the
majority of studies, with 17 studies assessing only the impact of this typology. Studies
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that presented more than one typology did not evaluate a differentiated impact. Semi-
structured activities comprise a certain degree of uncertainty as the researcher is not
present throughout the majority of the nature-based experience, increasing the prob-
ability of missing important information.

As in other reviews (e.g. Bowler et al. 2010; Britton et al. 2020), we also veri-
fied that the description of the settings tends to be rather scarce or even non-existent.
Little attention is given to characterize the environment’s biodiversity, vegetation
coverage, degree of human presence or urban influence, among other features. For
example, the term “urban park” includes a wide variety of settings that may be com-
pletely different, varying how they are perceived and valued by the public, as well in
restorative potential, size and shape (Carrus ef al. 2015; Schebella ef al. 2019). Some
may be quite large, having spaces where the urban influence is reduced, others may
possess water features and/or recreation facilities, while others may not. Researchers
also frequently provide an overall description of the natural area but not of the spe-
cific route, or path, undertaken by participants. Without a proper description, it is
quite difficult to understand features that enhance or mitigate benefits, and these can
be important mediators. Although in the majority of cases we were able to classify
the settings, it took a great effort, including online research, to learn more about spe-
cific projects referred to in some of the studies and have access to photos of the set-
tings. It is important to provide a good description of the intervention’s settings in
order to allow the comparison of results between studies and to understand which
settings, and specific features, are more prone to positively impact human well-being
and why. In studies where the participants chose the setting in which the nature
experience would take place, it was not clear whether the natural settings selected by
the participants were due to their preferences, what could lead to more significant
positive results, or, for example, due to easier access/proximity, which could result
in a weaker positive impact. The randomized placement of participants in different
environments is an important procedure to overcome this limitation, eliminating the
possibility of choice (Bowler et al. 2010).

6.5. Sources of bias

Three major sources of possible bias, transversal to the majority of the studies, were
also identified: geographical location, sample population, and high frequency of self-
report measures.

6.5.1. Geographical location

As in the review by Keniger er al. (2013), a clear predominance of higher latitudes
(North America, especially the USA, and Europe, especially the UK) was observed.
The human-nature relationship is quite complex, comprehending a continuous inter-
action between cultural and biotic systems (Gual and Norgaard 2010; Seymour 2016).
As highlighted by Seymour (2016), the human-centered dimensions are determinant in
the development of the relationships between individuals and communities with nature.
Thus, this relatively narrow geographical provenance of data does not allow for the
necessary cross-cultural understanding of the impact of nature on human well-being,
and of how human-nature interaction occurs. As Gual and Norgaard (2010, 708) stated,
“we urgently need to understand the co-evolutionary character of culture and nature
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and incorporate it into our technology and social organization.” Besides limiting a bet-
ter understanding of cultural effects, bias towards higher latitudes can also be respon-
sible for masking the effect of different ecosystems. In tropical regions, there is
greater concern with venomous animals and disease vectors, a characteristic that may
cause different responses to spending time in nature (Keniger et al. 2013).

6.5.2. Sample population

As most authors pointed out, sample populations were not representative, due to their
characteristics and/or dimensions. There was a prevalence of female participants, uni-
versity students and more nature-oriented people than the general population, as well
as of participants aged 16-30years old. In many cases, participants were volunteers
recruited from Facebook groups (e.g. members of nature or Psychology-related
groups), universities (e.g. students from Psychology courses), or green exercise pro-
grams, which may have led to self-selection bias. Again, the sample population charac-
teristics reduced the possibility of extending the findings to the general population and
creates a knowledge gap that needs to be urgently addressed.

6.5.3. Self-reporting measures

Due to the subjective character of well-being, research on this construct has been
emphasizing the use of self-reporting measures (Lucas 2018). This emphasis also
occurred in the studies analyzed, most of which strongly relied on self-reporting meas-
ures. Subjective self-reports are highly dependent on social, cultural and psychological
factors, varying according to the respondents’ characteristics (McNabb 1990).
Participants’ prior self-beliefs, especially taking into account the type of the participants
described above (e.g. more nature-oriented than the general population), may have led
to biased answers based, for example, on prior beliefs and not on the actual nature
experience. Cervinka, Schwab, and Haluza (2020) and de Brito er al. (2019) stressed
the lack of physiological measures to support the data gathered through self-reporting
measures on outcomes such as anxiety, directed attention, and stress.

During the nature experiences, participants may also have felt internal feelings
they could not easily translate into meaningful responses (Lucas 2018). The current
level of environmental awareness, or social pressure towards sustainability and nature
conservation (even if only at a theoretical level), as well as individual reasons, may
have led participants to provide socially desirable answers and to an unwillingness to
provide an honest answer (Lucas 2018). Despite the prevalence of self-reporting
measures in the analyzed studies, it is important to underline that the majority used
at least one objective measure. Furthermore, existing research that provides informa-
tion regarding the psychometric properties of well-being measures tend to report
high levels of reliability and validity (Lucas 2018). Besides the three mentioned pos-
sible sources of bias, care is required when explaining the study to enrolled partici-
pants, avoiding directing or influencing their opinion. For example, in the study by
Razani et al. (2018), after enrollment, participants received information about nature
and well-being, including a list of benefits of spending time in nature. This could
have conditioned the participants’ opinions and perceptions, and, consequently, led
to biased results.
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6.6. Recommendations

The recommendations and limitations of the studies included are important guidelines
that should be taken into account in the planning of NBIs and of their respective
impact evaluation plans. This information is already detailed in the results section, but
we would like to emphasize the need i) for greater diversity of participants, including
vulnerable social groups, ii) to include follow-up evaluation, and iii) to assess the
impact of interventions with different durations, especially longer ones. Assessing pre-
vious life experiences, although always relevant, assumes increased importance when
working with vulnerable social groups, allowing not only a better understanding of
mechanisms and mediating factors, but also the planning of more adequate interven-
tions. Further research is required regarding this topic.

Overcoming the main sources of bias is also a priority. There is a pressing need
for data for countries other than the USA and the UK, especially from world regions
with a concentration of several social and environmental vulnerabilities and whose
population is in greater need of interventions that support promoting their well-being.
It would be quite important to understand how to structure and implement NBIs aim-
ing towards human well-being in, for example, vulnerable regions of African, Asian
and Caribbean countries. Sample selection is also a key issue, with convenience sam-
pling being still the most frequently used sampling method and resulting in non-repre-
sentative results. We recommend the development of partnerships that promote
collaboration among representatives of different areas (e.g. social, health, environmen-
tal, planning and governance), ensuring access to different audiences and a stronger
dissemination and valorization of research findings. In order to strengthen the (per-
ceived) validity of results, it is essential to complement the use of self-reporting meas-
ures with objective measures, thus providing data independent of individuals’
perceptions, beliefs and previous life experiences.

More information about the impact of wild and urban natural environments on
human well-being is also required, as well about key features that may contribute to
potentiate nature-derived benefits. More thorough descriptions of the natural environ-
ments should be provided. For larger areas, the specific places where participants per-
formed the activity, or activities, should be specifically described. Along with the
identification of specific features (e.g. vegetation coverage, biodiversity — levels, pre-
dominant species, water features, human/urban influence), the quality of the natural
environments (state of conservation/degradation) should also be reported (Bowler ef al.
2010). As lack of safety may have a negative influence on the impact of nature on
human well-being (Calogiuri and Chroni 2014), safety features and the participants’
perception of safety would also be interesting aspects to take into account. Besides
characteristics, it would also be important to better understand the reasons for not visit-
ing natural environments and how to address them in order to promote more frequent
visits. Calogiuri and Chroni (2014) listed several reasons such as: lack of time, per-
sonal barriers (e.g. poor health) and environmental barriers (e.g. traffic, poor lighting,
lack of safety, air pollution). Linked to users’ perceptions and specific locations, these
reasons may present strong variation, requiring updated and specific assessments.

Multidisciplinary approaches should be favored when researching the human-nature
relationship, as it comprehends biological/ecological, geographical and human-centered
dimensions. Thus, co-operation between biology/ecology, geography, health and social
sciences is essential to better establish a holistic overview of this relationship, includ-
ing pathways, mediators, and effects, and to generate evidence that will benefit not
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only human well-being but also the conservation of our planet’s natural ecosystem.
This resulting symbiotic cycle is determinant for the development of sustainable soci-
eties where human well-being is perceived as directly linked with the planet’s well-
being and actions are taken to ensure both.

It would be important to have more information regarding behavioral aspects in
order to understand to what extent participation in an NBI led to changes in the partic-
ipants’ daily behaviors. The assessment of behavioral aspects in follow-up evaluation
could help to verify whether, for example, participation in an NBI led to increased lev-
els of intentional contact with nature, development of pro-environmental behaviors, or
to higher social participation.

While common preferences can be identified, the way individuals perceive and
relate to nature is quite subjective (Nisbet, Zelenski, and Murphy 2009; Moura et al.
2017). Due to the subjective character of this relationship and the complexity of the
concept of well-being, identifying the mechanisms that mediate individual and collect-
ive responses to natural surroundings and stimuli has not been an easy task (Cleary
et al. 2017; Bowler et al. 2010). Although more prone to bias and error, carefully
designed observational studies could be relevant to better understand long-term out-
comes, associated mechanisms and confounders (McCrindle 2010). Retrospective and
prospective observational studies are expensive and time intensive, but allow for the
control of multiple confounders, and for the assessment of multiple exposures and out-
comes (Thiese 2014). Additionally, and in line with Lucas (2018), we also recommend
greater emphasis on the assessment of the psychometric properties of self-reporting
measures, as a way to strengthen results and conclusions.

NBIs aiming to promote human well-being should include an awareness compo-
nent, in order to avoid the reinforcement of an anthropocentric perspective, where nat-
ural areas and ecosystems are instrumentalized with the prevalence of a human
domineering attitude (Hailwood 2014). Nature interaction parameters such as CWN
and pro-environmental attitudes and behaviors should be part of the interventions’ goals
and evaluation procedures. Neglecting these aspects can lead to further increasing lev-
els of detachment and negatively impact environmental efforts towards sustainability.

Despite growing interest in the relationship between nature and human well-being,
there are still several knowledge gaps that are important to overcome. Considering the
state of the art about nature and well-being, outlined in this review, we considered that
there are relevant topics, especially in the aftermath of a pandemic, that are under-
studied. Thus, we suggest that future studies deepen research on the impact of contact
with nature (outdoor/indoor settings; direct/indirect contact; intentional/incidental
exposure) on the i) recovery process of patients with physical and/or psychological
conditions that require ongoing treatment, including hospitalized patients for medium
to long-term periods; ii) burnout prevention of professionals subjected to high levels of
stress, as essential workers (e.g. health and social-care workers; police forces); and iii)
sleep quality of different social groups (e.g. students, people suffering from stress and
anxiety, essential workers, victims of violence and other potential traumatic experien-
ces). Adding, the generational effect mentioned in the introduction (Chawla 2015) is
an alert for the need of further research to deepen knowledge about a possible medi-
ation effect of family/caretakers in children’s nature experiences.

Finally, and in line with the recommendations by Chawla (2020) and Dean et al.
(2018), we also highlight the need for better comprehension of non-positive nature
contacts (e.g. degraded environments) and environmental fears. The current scenario of
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global environmental changes (GEC) and environmental degradation, as well as the
information handled in the media and social networks, makes the research about envir-
onmental fears and how to cope with them of the utmost importance. Without guid-
ance, children, adolescents and even adults may cope with these fears through
inaction, denial in accepting information regarding GEC and just devote their time and
efforts towards other endeavors than environmental preservation and nature conserva-
tion, becoming even more detached from nature.

Conclusions

This systematic review aimed to provide a comprehensive overview of the impact of
nature, especially outdoor nature, on human well-being. The current body of know-
ledge firmly recognizes a positive impact, highlighting several nature-derived benefits
for psychological, physical and social well-being, including improved mental health,
cognitive function and mood states, lower levels of stress, and higher levels of nature
connection.

Nevertheless, there are methodological fragilities and information gaps that must
still be addressed. Well-tailored interventions, integrating more diverse sample popula-
tions, thorough descriptions of the natural environments and weather conditions, and
performing long-term follow-up are required. A better understanding of environmental
fears, and how to cope with them, and of non-positive contacts with nature is highly
important. This information is essential for preventing inaction towards nature conser-
vation and avoidance of contact with nature and to the development of planning efforts
aiming to minimize non-positive nature experiences. In the aftermath of a pandemic,
and considering the nature-derived benefits to human well-being, studying the impact
of contact with nature on the burnout levels of professionals subjected to high levels
of stress, and on the recovery process of patients with long-term or chronic health con-
ditions is a priority.

Although there are still several gaps to overcome, the existing evidence is sound
enough to validate the integration of nature-based interventions in health and social
practices. This would be beneficial not only for these specific fields, but also for
nature conservation and public environmental awareness, being essential for the devel-
opment of sustainable societies.
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