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Abstract Political, economic and technological interventions
are struggling to address the polycrisis at the necessary scale
and pace. Increasing nature connectedness can make a critical
contribution: there is abundant evidence that higher levels of
nature connectedness are not only good for health and
happiness, but also correlate with a greater commitment to
pro-environmental behaviours. The early progress in the
scientific study of nature connectedness is impressive, but
there are many types of interventions promoting nature
connectedness, and evidence is fragmented across academic
disciplines and siloed communities of practice. Here, we
review a wide range of interventions and their effectiveness
relative to each other. We appraise how interventions can be
combined synergistically with the potential to catalyse shifts
to pro-environmental mindsets through a concept of
compounding effects. We conclude by discussing how our
insights may inform the development of more holistic training
and development approaches, as a critical element of
sustainability transformations.

Keywords Compounding effects - Mindset change -
Nature connectedness - Nature interventions - Polycrisis

INTRODUCTION: NATURE CONNECTEDNESS
IN AN ERA OF POLYCRISIS

It is increasingly likely a mass extinction event on Earth is
underway, driven by human activity (Diamond et al. 1989;
Diaz et al. 2019; Smits and Finnegan 2019; Bergstrom
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et al. 2021; Wiens and Zelinka 2024; Wang et al. 2025).
Environmental degradation—including population decli-
nes, species extinction, habitat fragmentation and loss of
soil fertility—has been suggested as a key factor in
socioecological collapse (Diamond 1994; Butzer 2012;
Cumming and Peterson 2017; Rubifios and Anderies 2020;
Beard et al. 2021), where collapse is defined as when “key
actors, system components, and interactions [] disappear”
(Cumming and Peterson 2017, p. 699). Withagen et al.
(2025, p. 84) also suggest ecological collapse, as a concept,
“...weaves a moral undercurrent, pointing toward a
responsibility to change our lifestyle”. This has led some to
call for society to transform its institutions, including
policies and politics in order to enhance resilience (Bro-
zovic 2023).

Evidence of this need for transformational change is
now well established and consolidated in the Intergovern-
mental Platform on Biodiversity and Ecosystem Services
(IPBES) Transformational Change Assessment (2024)
ratified by 147 governments. It reports that “transformative
change is urgent because there is a closing window of
opportunity to avoid further biodiversity loss and prevent
triggering the potentially irreversible decline and projected
collapse of key ecosystem functions”, stating the need for
fundamental system-wide shifts in views, structures and
practices. It recognises “disconnection of people from
nature” as one of the three underlying causes of biodi-
versity loss. To achieve transformational change, IPBES
(2024) argues for shifting dominant societal views and
values to prioritise and strengthen nature connectedness.

However, the landscape in which humans experience
nature connectedness has changed—and is radically
changing—from our ancestral landscape in which humans
were closely affiliated with diverse lifeforms (Lumber et al.
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2017), to our modern landscapes. The latter are now
formed of densely urbanised artificiality of modern cities,
changed demographies (Brewster et al. 2014), digital ava-
tars and First Person View (FPV) drones (Lockhart et al.
2023), with the emergent conditions of the polycrisis
“...shap[ing] everyday experience[s]...seriously reconfig-
uring...life routines...” as Golanska (2022, p. 125) docu-
ments. The Anthropocene, thus, presents deep complexity
and challenges for strengthening nature connection.

In their “global synthesis of trends in human experience
of nature”, Cazalis et al. (2023) evidence the changing
composition of spaces humans inhabit as trending towards
increased distance from natural areas, increased urbanisation
and declining city forestry. Robert Pyle wrote of “the
extinction of experience” of nature (Pyle 2011), yet Cazalis
et al. (2023) failed to find supporting evidence, suggesting
more nuance is needed in studying how interventions that
might constitute experiences of nature are affecting nature
connectedness. Soga and Gaston (2023, p. 136) support this
in their global synthesis, revealing heterogeneous changes in
nature connectedness, and that “the magnitude and direction
of temporal changes in nature connection can vary among”
affective, cognitive and experiential components. Recently,
surveying 23 countries worldwide, the same authors found
high variation in connection to nature, highlighting further
“the multifaceted and complex nature of human connection
to nature, emphasising the importance of considering mul-
tiple aspects to understand that connection” (Soga and
Gaston 2025, p. 2). As the polycrisis deepens, taking a sys-
temic view of nature connectedness interventions—across
domains, through time and beyond borders (see Peirson et al.
2011)—will increasingly be needed to support policymak-
ers’ (and others’) decision-making (Picanco Rodrigues et al.
2025) on interventions to improve nature connection,
accounting for and integrating the sociodigital (see Halford
and Southerton 2024) and the geopolitical (e.g. Ramutsin-
dela et al. 2020; Gutberlet 2022). This is firmly supported by
the evidence outlined in the IPBES Transformational
Change Assessment when it states strategies must be syn-
ergistic, complementary, customised in bundles and under-
stood as a pathway or process of change.

A seminal systems thinker, Donella Meadows ranked
changing paradigms—the assumptions and patterns of
thought that ground our worldview—as the most effective
place to intervene in a system (Meadows 2008). Currently,
however, disproportionate energy is currently being
invested on the least effective end of systems change—on
measurable system features (witness the focus on trying to
measure biodiversity) or on compliance reporting—rather
than on the design of the system and indeed its intent
(Abson et al. 2017; Fischer and Riechers 2019; Dorninger
et al. 2020; Richardson et al. 2020a; Riechers et al. 2021a).
By identifying paradigm shifts as a deep leverage point,
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Meadows prefigured what is now an emerging consensus in
environmental science policy: beyond the IPBES, the
IPCC, United Nations Environment Programme (UNEP),
United Nations Development Programme (UNDP), Euro-
pean Environment Agency (EEA) and Convention on
Biological Diversity (CBD) all acknowledge the need for
deeper cultural change. For example, the EEA’s 2023
report Existing the Anthropocene? Exploring Fundamental
Change in our Relationship with Nature examines how
understanding our deep interconnection with other forms of
life could boost motivations to protect nature and accel-
erate the transformation needed to flourish within planetary
limits (Strand et al. 2022), while the UN Human Devel-
opment Report 2020 states that “Nothing short of a
wholesale shift in mindsets, translated into reality by pol-
icy, is needed to navigate the brave new world of the
Anthropocene, to ensure that all people flourish while
easing planetary pressures” (UNDP 2020, p. 24). Else-
where, the UNDP notes that “Consciousness and mental
models are increasingly recognised as the key to unlock
systems change” and urges that “It is time to integrate
mindsets, values and meaning into work processes,
organisational and institutional changes—at the centre of
our work. This inner transformation is instrumental to
unlock the kind of deep systemic transformation we need,
which requires a new vision for building meaning in our
lives and our role as a species, as an integral part of the
Earth community” (Bovarnick and Legrand 2022). The
focus on inner transformation is also reflected by the arrival
of Inner Development Goals (IDGs; Ankrah et al. 2023) to
complement the Sustainable Development Goals (SDGs)
and the Inner Green Deal (Janss et al. 2023) to help deliver
the European Green Deal.

Paradigm change in the context not just of biodiversity but
the wider polycrisis involves mending our broken relation-
ship with nature, which has at its core the strengthening of a
sense of nature connectedness (Richardson 2023). This can
be defined, following Schultz (2002), as the extent to which
nature is included in one’s sense of self. Expanding,
Richardson and Butler (2022, p. 5) explain that “Nature
connection is about our relationship with nature—how we
think about, feel about, and experience nature. When we feel
very close to nature, we recognise ourselves as part of the
natural world, and value our relationship with it. We notice
nature, seek it out, and feel happy when we are in it”. In this
article, we have chosen the terminology of “nature con-
nectedness” for its currency in the literature, but various
other closely related if not identical constructs have been
used, including connectedness to nature, nature relatedness,
love and care for nature, emotional affinity towards nature,
dispositional empathy with nature and inclusion of nature in
the self (Restall and Conrad 2015). There is now abundant
evidence that higher levels of nature connectedness have
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positive impacts on health, happiness and well-being
(Capaldi et al. 2014; Bakir-Demir et al. 2021; Grabowska-
Chenczke et al. 2022; Silva et al. 2024).

Given the scale and magnitude of the polycrisis, its
heterogeneity and the overwhelming empirical case sup-
porting a view that nature as intrinsically valuable also
increases pro-environmental behaviours (Gagnon Thomp-
son and Barton 1994; Mackay and Schmitt 2019; Areias
et al. 2023), compounding the effects of nature connect-
edness is vital to deliver systemic shifts. Our focus here on
nature connectedness and programme design to achieve
compounding effects is not the only answer to the broader
question of how societies and cultures can support nature
connectedness, but we suggest it might be of greater
importance than previously realised. The hope would be of
(re)creating positive feedback loops: whereby participating
in nature conservation activities increases nature connect-
edness (Rogerson et al. 2017); as does, in the longer term,
restoring nature to enable increased encounters between
humans and other species. In aggregate, then, building
nature connectedness is a crucial means by which intrinsic
value will be ascribed to more-than-human life, thereby
pulling one of the most powerful levers for systems change
(Riechers et al. 2021b).

AN ATTENTIONAL FRAMEWORK FOR NATURE
CONNECTEDNESS INTERVENTIONS

How do we build nature connectedness? The societal
determinants of nature connectedness are complex—stud-
ies suggest that childhood experiences, parental modelling,
cultural values, socio-economic circumstances, demo-
graphic factors and urbanisation may all play a role (Len-
gieza and Swim 2021; Passmore et al. 2021; Macias-
Zambrano et al. 2024; Richardson 2025). It is also
important to consider group processes, such as social
pressure, support and norms. For example, there is some
evidence for the effectiveness of group nature activities
(e.g. Lengieza and Aviste 2025), though more studies are
needed into these dynamics. However, as we will discuss,
various interventions can have a demonstrable impact on
individual participants against one of several nature con-
nectedness measurement scales. By “intervention” we
mean any activity anticipated to have a positive effect on
nature connectedness. In Fig. 1, we map intervention types
according to the primary modes by which they engage
nature connectedness. These modes refer to attentional
direction. In the sensory mode, attention is directed
towards contacts with the external world. In the intro-
spective mode, attention is directed towards internal bodily
states. In the conceptual mode, attention is directed towards
propositional or representational constructs.

www.kva.se/en

We introduce this new framework to help identify an
intervention’s attentional directionality and how, through
their different modes, they might be organised to concen-
trate attention and drive transformational change. This is
rather different, then, to Shanahan et al. (2019)’s frame-
work, which consists of 27 nature-based health interven-
tions (NBIs), because these are specific facilities or
activities themselves such as provisions of gardens in
hospitals, outdoor gym equipment or forest bathing, rather
than the actual psychological/emotional routes and path-
ways. Instead, it intersects in different with at least four
existing frameworks in different ways, and we consider our
framework to be additional, with a usefully distinct lens,
rather than being a replacement for others, many of which
are very valuable.

First, Lumber et al. (2017) developed their five path-
ways to nature connection framework from an assessment
of Kellert and Wilson’s (1993) nine values of biophilia:
utilitarian, naturalistic, ecologistic—scientific, aesthetic,
symbolic, humanistic, moralistic, dominionistic and nega-
tivistic. As values, these differ from attentional modes, but
the five pathways of contact, emotion, beauty, meaning and
compassion (see also Richardson et al. 2020a) do relate to
the modes in various respects. “Contact”—the one-word
label for “contact through the senses”—is equivalent to
our sensory mode, although beauty in particular may also
be conveyed sensorially. Introspection—especially where
directed—can involve all the four non-contact pathways.
The conceptual mode can also play an important role as a
vehicle for other pathways, especially meaning and
compassion.

Second, there are overlaps with Ives et al. (2018), who
identify five general types of human—nature connection: the
material, experiential, emotional, cognitive and philo-
sophical. The material and experiential are accessed most
immediately through sensory attention, the cognitive and
philosophical are most commonly accessed through con-
ceptual attention and more directional forms of introspec-
tive attention, while the emotional—defined as “feelings of
attachment to or empathy towards nature” (Ives et al. 2018,
p- 1391)—cuts across all the modes.

Third, we note Giusti et al.’s (2018) comprehensive
“Assessment framework for Children’s Human Nature
Situations” which outlines what to quantify or qualify
when assessing environments that might connect children
with nature. The framework identified 16 “qualities of
significant nature situations” alongside 10 abilities that
constitute children’s nature connectedness. The attentional
modes are evident in many of the 16 qualities: “thought
provocation” and “creative expression” tend to be engaged
by the conceptual mode, “engagement of senses” and
“awe” by the sensory mode and “mindfulness” by the
introspective mode. However, the full set of 16 qualities
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SENSORY

Nature
Experience

Arts (non-verbal)

Experiential group exercises Ritual

Psychedelics Retreats
Mindfulness

INTROSPECTIVE

Meditation

Augmented/
“Wirtual Reality

CONCEPTUAL

Media (e.g. books,
podcasts, radio,
television)

Fig. 1 Mapping interventions for nature connectedness according to attentional focus on sensory, introspective or conceptual modes

represent a broader category than our focus on forms of
attention.

Finally, Sheffield et al. (2022) categorised the inter-
ventions in their review according to three dimensions:
type of contact (direct vs indirect), quality of engagement
(active vs passive) and timing/duration (single session,
repeated practice, residential). On types of contact, “di-
rect” would be confined to our sensory mode and specifi-
cally experiences in nature. Their distinction in quality of
engagement between “active” and “passive” is based on
whether instructions were given to participants to be aware
of, or engage with, nature. This clearly relates to attention,
but not to attentional mode itself. Our framework does not
explicitly deal with timing/duration.

Our framework has some broader connections beyond
the nature connectedness field. For example, there is a
loose mapping to Iain McGilchrist’s (2009) work on how
the left and right brain hemispheres engage differently with
the world. We note that many neuroscientists suggest
McGilchrist over-generalises hemispheric differences into
broader “left vs right brain” worldviews and extrapolates
to cultural and historical patterns in ways that cannot easily
be tested empirically (see, for example, Corballis 2014).
However, in a more modest context, the focused attention
and abstractions posited by McGilchrist to be favoured by
the left hemisphere might be associated with the concep-
tual-based interventions that we have brigaded together

@ Springer

under the heading of “media”, but also with the informa-
tional additions provided by AR, and the content of
introspective practices like mindfulness or directed medi-
tation. The more global and emotion-linked attention
favoured by the right hemisphere might be affiliated with
nature experience, psychedelics, undirected introspection
and non-verbal arts. It is not a perfect fit, but given the
evident heterogeneity of nature connectedness, alignment
with McGilchrist’s model helps situate interventions in the
context of a broader worldly engagement.

There is also a relationship between our framework and
multimodal learning (Bezemer and Kress 2015). Multi-
modal learning intentionally uses different senses and dif-
ferent parts of the brain, and can be more engaging than,
say, learning through text alone, as well as catering for a
range of individual preferences. However, it is defined
as learning that integrates types of data such as text, audio,
images or video, which is a narrower definition of “modes”
than the sensory, introspective and conceptual. Also, while
multimodal learning can improve information retention,
nature connection is not the same as learning. Hence, a
multimodal learning lens might help to enrich interventions
(especially those with a significant sensory aspect), but it
does not necessarily increase nature connectedness.

Our sensory-introspective-conceptual framework is a
simplification and there is a big hinterland of scientific and
philosophical debate concerning definitions of—and

www.kva.se/en
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relationships between—these and other modes. They
overlap in various complex ways and many interventions
may straddle the boundaries. However, it remains a valu-
able way to map the interventions according to their pri-
mary attentional focus. After reviewing the interventions,
we will return to questions of potential synergy between
the modes when we consider how interventions might be
combined under a theory of generating compounding
effects within systems.

POTENTIAL FOR COMPOUND NATURE
CONNECTEDNESS EFFECTS

To achieve systemic transformational change, we first
provide an overview of the field of nature connectedness to
position proposals for achieving a compound effect where
interventions (or events) join forces to cause proportion-
ately larger, cross-domain and persistent shifts (King and
Jones 2021). Compound event research is a young field,
and challenges in studying compound effects arise because
it is “very difficult to generalize insights from individual
events, and pooling events to allow for robust statistical
analyses needs to be done carefully. Data on impacts are
another challenge, as these data often only exist on very
limited domains or regions” (Zscheischler 2024, p. 2).
Further analytical challenge arises as we are dealing with
socioecological systems which are inherently linked sys-
tems, “with multiple feedbacks and interdependencies”
(Milkoreit et al. 2018, p. 2), and studying them separately
is problematic (and potentially counterproductive) (ibid).
Interventional studies and experimentation will always
need to reduce complexity to isolate variables for testing.
By examining evidence that could potentially build
towards compounding effects, we are seeking to identify
how multiple, cross-system interventions across our atten-
tional modes framework can be leveraged.

Our literature review covered peer-reviewed publications
written in English and published before 31 March 2025, with
nature connectedness as an outcome variable, whether or not
an established nature connectedness scale was used. Searches
using a UK university database encompassed Web of Science,
Scopus, JSTOR, DOAJ, MPDI and others, using the keywords
“nature connect*”, “nature relatedness”, “nature aware-
ness”, “connection to nature” and “connection with nature”.
In order to ensure coverage of interventions, the above terms
were combined where necessary with “meditation”, “mind-
fulness”, “arts”, “psychedelic*”, “virtual reality” and
“augmented reality”. We next summarise the evidence
underpinning these broad intervention types, before dis-
cussing the potential for combinatory approaches.

There is an increasing body of research on the different
interventions for nature connectedness, including meta-

”
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analyses and review papers. The field is attempting to
establish and test theories of nature connectedness empir-
ically, so understandably knowledge still remains siloed
and fragmented across different disciplines, with research
weighted towards certain intervention types (especially
nature experience). This paper attempts to fill the gap by
combining a wide range of interventions with an explo-
ration of compound effects.

Others have laid the groundwork. For example, Lumber
et al. (2017) assess the pathways to nature connectedness
using the nine values of biophilia as a basis (Kellert and
Wilson 1993). They conclude that “Researchers and prac-
titioners interested in facilitating nature connectedness and
its associated benefits should focus specifically on activities
that involve contact, meaning, emotional attachment, or a
compassionate relationship with nature that includes
engaging with nature’s beauty” (Lumber et al. 2017, p. 21).
They were introducing the pathways for the first time, so
understandably tested them against a single intervention—
being in nature. Richardson et al. (2020a) highlighted the
utility of the pathways and how they could be used in more
systematic ways. As one might expect, the early adopters of
the pathways approach used them to design nature experi-
ences, and the paper focuses on The Wildlife Trust’s “30
Days Wild” campaign. However, the pathways have since
been applied to buildings, schools and meditations.

Recognising that a network of factors influence sustain-
ability outcomes, Lengieza et al. (2024) combine the path-
ways framework with the lens of emotions. They find that
awe, inspiration and love are all important and central to
nature connectedness experiences, and reinforce other
research on the significance of meaningful and deliberate
engagement. Interestingly, when participants were asked for
their notably positive nature connectedness experiences they
reported experiences in nature rather than other possibilities
such as mindfulness, psychedelics and the arts. This is an
interesting finding, but should be considered in the context
of the evidence we discuss below on the potential impact on
nature connectedness of these other intervention types.

There are some wider-ranging reviews of nature con-
nectedness interventions. Ives et al. (2018) discuss art, reli-
gion, meditation and community gardening, while Barragan-
Jason et al. (2022) cover nature experience, mindfulness and
education. Of the 36 studies meeting the criteria for Sheffield
et al.’s (2022) meta-analysis, 27 involved “direct” contact
through exercise or other activities in a variety of outdoor
settings or otherwise engaging with nature in particular
ways, while the remaining nine involved images, videos,
audio or guided imagery/meditation practices. Each study is
less comprehensive in the range of interventions covered
than the set we consider here, and none considers combina-
tions in depth, but this is to be expected, as comprehen-
siveness is based on the interventions others have designed,
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tested and published and suitable for inclusion in a meta-
analysis. Riechers et al. (2021a) discuss combinations of
leverage points, though in abstract terms.

We note also the relevance of “The Work That
Reconnects” (WTR; Macy and Brown 2014; Jones and
Johnstone 2024), even though it was developed too early to
be informed by the blossoming of the academic study of
nature connectedness. WTR is a groupwork model com-
bining psychological and philosophical teachings with
experiential practices, aimed at helping people to explore
the predicament of the planet and their role in its trans-
formation. The experiential practices are usually mapped to
four stages called “gratitude”, “honouring our pain for the
world”, “seeing with new and ancient eyes” and “going
forth”. Some of the practices build psychological capacity
while others are designed for frequent reuse. While WTR is
not explicitly structured to achieve compounding effects,
the intention is implicit in how the elements are intended to
form a transformational whole.

In sum, there is a growing body of sophisticated work on
nature connectedness, but some interesting areas remain
unexplored, as others have noted. For example, Sheffield
et al.’s (2022) analysis “confirms that carefully designed
interventions can deliver sustained increases in nature con-
nectedness” but that “although options for fostering con-
nectedness are available now, the range is limited”. They
emphasise “the need for examining a wider range of nature
engagement activities, greater understanding of factors
leading to increases in nature connectedness, design and
testing of practices for sustained nature connection, and
initiatives that engage people with nature, create conditions
for nature connection, and encourage repeated nature
engagement activities” (Sheffield et al. 2022, pp. 1, 19). A
few studies have discussed more than one intervention type,
butitis less common to compare a very wide set or to explore
compound interventions in detail. This is perhaps to be
expected. As Spaling (1994) notes, “cumulative effects
assessment requires a temporal scan of long duration and
geographic representation at various scales” and rightly,
most studies cited here are tightly controlled and focused in
scope. They are, however, “building up the empirical base”
required for “rigorous analysis of cumulative effects”
(Spaling 1994, p. 249). This invites further investigation on
synergies between them and potential combinations that
could produce significant shifts in nature connectedness.

EVIDENCE ON EFFECTIVENESS
OF INTERVENTIONS

In this section, we provide a narrative review on the effec-

tiveness of several individual intervention types in order to
set the stage for an exploration of compound interventions.

@ Springer

Nature experiences

It is well established that nature connectedness promotes a
range of physical and mental health outcomes (e.g. Capaldi
et al. 2014; Twohig-Bennett and Jones 2018; Pritchard
et al. 2020), but there is now abundant evidence that it can
also foster pro-environmental attitudes and behaviours
(Mackay and Schmitt 2019; Richardson et al. 2020b).
Nature experiences specifically are associated with such
attitudes and behaviours. A recent review paper found
direct experiences of nature to be positively associated with
a range of pro-environmental actions including recycling,
energy conservation, green purchasing and conservation
volunteering (Soga and Gaston 2024). Another study found
that those who described nature in experiential or complex
terms were more likely to participate in environmental
volunteering, citizen science, litter picking and community
gardening than those who used descriptive terms (Hatty
et al. 2022).

Some studies investigate which specific aspects of those
nature experiences have the greatest impact on attitudes
and behaviours. In theory, influential variables could
include the kinds of habitats and ecologies experienced, the
richness of biodiversity and the cognitive states and
philosophies held, as well as temporal variables such as
duration, frequency, seasonality and time of day/night.
Moreover, this range of potentially influential variables—
and their near-infinite number of combinations—may have
different impacts according to various characteristics of the
individual or group concerned. A “one-size-fits-all”
approach to nature experience interventions may therefore
be less effective.

However, one factor which does emerge, and is perhaps more
important than the characteristics of the environment, is what
people are doing while in nature (Richardson 2023). Studies in
aggregate suggest that combining nature experience with other
activities can boost nature connectedness so long as those activ-
ities are related to nature exploration, engagement or appreciation
(Martin 2004; Lumber et al. 2017; Pocock et al. 2023).

Finally, it is worth noting the concerning dynamic that as
nature is increasingly destroyed, this drives a negative
feedback loop whereby the environments encountered are
impoverished, if they are accessible at all. A shifting baseline
situation thereby arises where there is less nature connect-
edness and hence fewer pro-environmental behaviours,
which then facilitates further destruction (Balazsi et al. 2019;
Riechers et al. 2020; Hamlin and Richardson 2022; Oliver
et al. 2022).

Augmented and virtual reality

Digital, artistic and other forms of representation—whether
visual, auditory, olfactory or other—involve a layer of

www.kva.se/en



Ambio

distancing from “direct” nature experience. Several studies
comparing virtual reality representations with an equiva-
lent physical experience suggest that impacts on positive
affect and mood, for example, are greater for the latter
(Browning et al. 2020; Markwell and Gladwin 2020; Reese
et al. 2022). However, there is still some evidence that such
representations of nature—and specifically AR and VR—
have the potential to promote not just mental well-being
and pro-environmental behaviours but nature connected-
ness too. This may depend on factors such as the design,
the technological substrate and the duration of exposure
(Klein and Hilbig 2018; Leung et al. 2022; Brambilla et al.
2024; Loy et al. 2024; McKeever et al. 2024).

There are many potential variations in AR/VR nature
experiences that could influence their effectiveness in
building nature connectedness. In their review paper, Spors
et al. (2023) acknowledge the variety of virtual human—
nature interactions being produced, while critiquing the
ways in which designers unavoidably incorporate their own
values, judgements, biases and understandings in terms of
both what nature is and what it should be like. Hence,
opportunities lie not only in technological improvements in
the realism of the immersive experience, but in moving
beyond the current dominance of simple and positive
experiences to more complex, challenging ones. This
would afford a richer and more realistic set of virtual and
augmented experiences, better able to convey nature’s
grandeur and mystery, rather than purely provide a source
of peace or escapism. There are also opportunities to give a
sense of other times (whether past or present), to aid the
imagination by vivifying environmental risks and oppor-
tunities (including helping with shifting baselines) and to
assist in adopting non-human perspectives.

In aggregate, research suggests that physical experience
has greater and more long-lasting impacts than virtual real-
ity, but that the latter is still an improvement over no nature-
related experience at all, or over virtual reality experiences
that omit nature. This suggests a valuable role for AR/VR
and other representations where immediate nature access is
difficult, but should not come to be seen as a viable
replacement, either in terms of the experience itself or—
more alarmingly—that the existence of a digital version
makes the real thing more dispensable (Beauman 2022).
There are also risks around attention capture, unhealthy
advertising and the various environmental costs of
electronics.

Mindfulness

Both mindfulness and meditation feature in the recent
emphasis on the importance of inner transformation for
sustainability (Bristow et al. 2022, 2024). They have much
in common but are better understood as separate
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interventions. Mindfulness is an intentional, non-judg-
mental attentiveness to the present moment (Kabat-Zinn
1996), involving conscious awareness of feelings, thoughts
and sensations. Hence, in Fig. 1 we suggest it lies across
introspective, sensory and conceptual modes as a form of
introspection that often entails focused attention on what is
received by the senses as well as on concepts entering the
mind. Meditation, on the other hand, while also an intro-
spective practice and sometimes involving focusing on a
concept, tends to downplay sensory engagement.

Mindful nature walks, attentional practices focused on
ecological features and similar mindfulness activities such
as forest bathing have become more popular in recent years
and have been shown to help extend compassion towards
nature (Kurth et al. 2020; Ramstetter et al. 2023). Mind-
fulness practices align strongly with the pathways that
Lumber et al. (2017) propose, including noticing nature,
appreciating its beauty and nurturing compassion. They
note that it is not merely time in nature but the quality of
engagement that matters, and this is something that
mindfulness can support. The relationships may be two-
way: nature experiences may themselves help to develop a
sense of presence and mindful non-evaluative attention,
while mindfulness can allow people to engage more fully
with nature experiences (Schutte and Malouff 2018). Other
studies indicate that connection to nature and mindfulness
can operate synergistically to enhance mental well-being
and pro-social values (Howell et al. 2011; Wolsko and
Lindberg 2013). This effect has been found in both
wilderness contexts and urban settings (Nisbet et al. 2019;
Farki¢ et al. 2020). On balance, mindfulness would appear
to have a positive role in building nature connectedness,
even though Richardson and Sheffield (2015) find “re-
flective self-attention” to be a more reliable predictor of
nature connectedness than “mindful attention”.

Beyond nature connectedness, many studies demon-
strate a relationship between mindfulness and pro-envi-
ronmental behaviours (e.g. Wamsler and Brink 2018).
Moreover, research on the so-called Mindfulness-Based
Stress Reduction reveals that its impacts on mental health
and well-being are greater when practised in nature than in
indoor or built environments (Choe et al. 2020). Given the
role of nature experience in enhancing nature connected-
ness, it is likely that mindfulness in a nature setting will
contribute more to nature connectedness than practising it
elsewhere.

Meditation
While mindfulness in a nature setting may be optimal, there are
probably still nature connectedness benefits regardless of setting,

and this is perhaps even more apparent in the case of meditation.
Interoception is the sense allowing us to be aware of the physical
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andemotional processesinour bodies, and meditationisknownto
enhance it. Branham (2024) finds that interoceptive awareness
predicts nature connectedness, that secure attachment to nature
explains this relationship, and that these predict both well-being
and pro-environmental behaviours. This suggests that interper-
sonal relational processes essential for human bonding also occur
in nature bonding. The study also reports that, among the inte-
roceptive processes, emotional awareness most significantly
predicts nature connectedness, suggesting that the more aware a
person is of the connection between inner bodily sensations and
emotions, the more likely they can bond with nature. This may
explain why practices such as meditation, known to enhance
interoceptive awareness, can enhance nature connectedness
regardless of setting.

The “content” of the meditation may be significant. For
example, explicit meditative engagement with, say, water or
air can help to disrupt modern distinctions between humans,
things and the environment (Carvalho and Riquito 2022).
Experiments also suggest that both mindfulness meditation
and loving-kindness meditation can increase not just nature
connectedness but sustainable decision-making (Adventure-
Heart and Proeve 2017; Engel et al. 2020). There is little
research on sequences of meditations and which might be
most effective, but we note that a Council of All Beings
ritual moves from mourning to a cosmic story of intercon-
nectedness and then each participant preparing to represent a
particular species (Seed et al. 1988). Future research might
explore the impact on nature connectedness of various
potential meditative sequences.

Psychedelics

There is some evidence that careful use of psychedelics—in
particular psilocybin, LSD and ayahuasca—can increase
nature connectedness through dissolution of a sense of ego
(Nour et al. 2016; Forstmann and Sagioglou 2017; Lyons
and Carhart-Harris 2018; Kettner et al. 2019; Aday et al.
2024). Participants in experiments report sentiments such as:

e “Before I enjoyed nature, now I feel part of it. Before I
was looking at it as a thing, like TV or a painting. [But]
you’re part of it, there’s no separation or distinction,
you are it”.

e “I felt like sunshine twinkling through leaves, I was
nature” (Watts et al. 2017, p. 534; emphases in the
original).

There is also evidence suggesting short-term interven-
tions can be beneficial for treating depression and obses-
sive—compulsive disorders (Carhart-Harris et al. 2018).

There may be a link from psychedelic-raised nature con-
nectedness to pro-environmental behaviours, which would be
expected given the aggregate weight of evidence associating
nature connectedness (from whatever source) with pro-
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environmental behaviours. However, there is evidence that
self-reported values and beliefs of the users of psychedelics
reflect more concern for the environment than in non-users or
users of other substances (Lerner and Lyvers 2006; Studerus
et al. 2011; Forstmann and Sagioglou 2017). There has also
been a retrospective survey of 150 psychedelic users, all of
whom reported increases in nature connection following use,
but with 66% also stating an increase in their environmental
concern. Indeed, 16% of participants changed their careers
following psychedelic use to work they deemed more envi-
ronmentally oriented (Luke 2019).

In the literature on psychedelics, the variables beyond
dosages and frequencies— “set” (psychological context) and
“setting” (sociocultural context)—are known to be a key
determinant of experiences. A number of recent studies
suggest that the previously reported increases in nature
connectedness and associations with pro-environmental
mindsets are not reproducible (Forstmann et al. 2023; van
Elk and Fried 2023; Ortowski et al. 2024). Some initial work
suggests that psychedelic use within a nature setting, rather
than in a clinical environment, might be advantageous for
nature connectedness (Hartogsohn 2017; Gandy et al. 2020),
but more research is needed. In aggregate, there continue to
be challenges disentangling whether associations between
psychedelic use and nature connectedness are merely cor-
relative or causative. We also caution that there is also
increasing evidence of adverse effects from psychedelic use,
especially due to inadequate set and setting factors (Simon-
sson et al. 2023, 2025).

In terms of content, psychedelic activity may not only
have different effects depending on pre-existing worldviews,
but also influence the worldviews themselves beyond nature
connectedness (Lyons and Carhart-Harris 2018). Finally,
multiple experiments have shown that nature connectedness
effects can remain months if not years after the acute expe-
rience (Pahnke 1963; Doblin 1991; Studerus et al. 2011;
Lyons and Carhart-Harris 2018; Kettner et al. 2019).

The arts

A large literature exists on nature and the arts, but less on
the relationship between the arts and nature connectedness
specifically. As discussed, it is not merely being in nature
but what we do there that can be significant for growing
nature connectedness, and the arts have the ability to
increase and diversify forms of engagement, change pat-
terns of thought and leave an enduring impression (Raati-
kainen et al. 2020).

Whether for verbal or non-verbal arts, there can be
challenges in collecting, interpreting and representing arts-
related data. Where studies do exist, some are not particu-
larly systematic, and tend not to use the same measurement
methods for connectedness as some other interventions. This
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is not necessarily a shortcoming of those approaches;
indeed, the so-called arts-based research (ABR) methods
have been increasing in popularity because they offer
opportunities for richer and more nuanced accounts of nat-
ure connectedness, encompassing aspects such as embodied
and sensory experience that may have previously been
neglected (Muhr 2020; Niemeld et al. 2023). Regardless of
whether an ABR method was used, there is mounting evi-
dence that the arts have a role to play in more active nature
awareness and engagement, and in some cases nature con-
nectedness specifically. This evidence exists for both adults
(Riechers et al. 2019; Renowden et al. 2022) and children
(Gilbertson 2012; Gray and Birrell 2015; Gray and Thomson
2016; Moula et al. 2022, 2023; Majid et al. 2023).

Some studies have used non-verbal arts to develop some
form of empathy with other species, varying in the depth of
engagement they involve. At one end of the scale sit inter-
ventions such as field recordings and related “art—science
alliances” (Taylor 2024), feeling vibrations akin to those
endured by benthic species due to anthropogenic activities
(Gongalves and Penha 2021), and experiencing a “Coral
Empathy Device” (Carvalho and Riquito 2022). The more
engaged end of the scale includes using drama to build nature
connectedness through exercises in “becoming” all sorts of
other creatures (Pearce 2024) and musical “jamming” with
cetaceans, birds and other species (Mathews 2008). More
generally, there is evidence that playing or composing music
outdoors can lead not just to nature connectedness but to
extraordinary, “spiritual” experiences (Adams and Beau-
champ 2019; Arbuthnott and Sutter 2019).

In other cases, arts interventions seek to increase con-
nectedness less with other species and more through deeper
engagement with habitats and landscapes. This can be with
physical habitats, such as designing trails to entice curiosity
(Spiller 2024), but also their artistic representations (Tribot
et al. 2022). Hence, while AR/VR offer one route by which
we can access representations of inaccessible environ-
ments, (non-digital) arts open other avenues.

Media

The final type of intervention we assess involves conveying
conceptual content about nature more directly. To some
extent, this overlaps with the arts, but here, under the umbrella
term of “media”, we include television, radio, podcasts,
complex verbal arts like theatre and opera, and books (whe-
ther fiction or non-fiction, and everything from poetry to
textbooks). There is little research on the value for nature
connectedness of these interventions, but scholars have
attempted to study the value of conceptual content. For
example, Lumber et al. (2017), in their evaluation of the
pathways to nature connectedness, found the knowledge
pathway to be ineffective: those who engaged with nature
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through the naming of species did not see an increase in their
nature connectedness. Similarly, Barragan-Jason et al. (2022)
found that environmental education had no significant effect.

However, other frameworks include conceptual content in
their understanding of what constitutes nature connectedness.
These include Nisbet et al. (2009), who in describing the
Nature Relatedness Scale argue that nature connection
involves not just emotional affiliation to nature and seeking
regular contact with it, but comprehending the importance
and interconnectedness of all facets of nature. Aligned with
this expectation, a before-and-after nature connectedness
survey associated with a non-fiction book was found to sig-
nificantly increase scores using the Nature Relatedness index,
NR-6 (Nisbet and Zelenski 2013; Oliver et al. 2020, Oliver
unpublished data). There are then the five general types of
human—nature connection identified by Ives et al. (2018),
which extend beyond the material, experiential and emotional
to the cognitive and philosophical, with the emotional and
philosophical reportedly holding the greatest transformative
potential. These are consistent with substantial anecdotal
evidence that many people believe their nature appreciation
(and so potentially their nature connectedness) has been
boosted by facts about nature. They find such information a
source of wonder and fascination and, as Wendell Berry
stressed, wonder and fascination about nature may be requi-
site for its preservation (see McKibben 2022, p. 179), as well
as a motivation to engage in direct nature experiences.

The type and form of knowledge tested by Lumber et al.
(2017) were intentionally narrow in an attempt to isolate
this variable. Further research is therefore needed on the
role of different facts in enhancing nature connectedness,
on how those facts are combined, on narrative form and on
the various genres and media by which they can be con-
veyed. It may be that conceptual information—including
scientific information—engages some of the pathways that
Lumber et al. did find to be effective for nature connect-
edness, such as beauty, meaning and symbolism. Future
research should also assess individual differences in the
affectivity of the information, how effectiveness varies
according to the quantity and frequency of such informa-
tion, and the advantages and disadvantages of combining
the information with other types of intervention.

In summary, looking across the evidence reviewed on
nature connectedness interventions, the areas to explore for
achieving compounding effects can be distilled as the
diversity and quality of perceptual content, repeated and
sustained immersions, purpose and intent while connected,
and the potential to facilitate feelings of transcendence.
These areas complement Lumber et al.’s (2017) nature
connectedness pathways of contact, emotion, beauty,
meaning and compassion as they concern the structure of
the experience, rather than the qualitative character of the
experience, and therefore provide options for strategic
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arrangements of interventions, orchestrated specifically to
achieve compound effect.

UNDERSTANDING COMPOUND EFFECTS

As our review highlights, an array of interventions are
proved to increase nature connectedness and the pathways
are well developed, even if not mainstreamed in policy. In
this section, we propose a theoretical outline of how to
achieve compound effects to catalyse system transformation
(Gunderson and Holling 2002; Yaman and Polat 2009),
premised on the hypothesis that amplification of nature
connectedness could support more radical systems change.

Compounding as a phenomenon or concept has been
researched across many disciplines (summarised in
Table S1). For example:

e Ecology: Kleinman et al. (2019, p. 2), in reviewing
compound disturbances in forest ecosystems, describe
compound effects as “...the combined effects of multiple
disturbances... altering the rate or trajectory of forest
recovery...; the interaction is amplifying” (our emphasis).
And as Buma (2015) outlined, compound interactions of
disturbances require two different mechanisms (e.g. low
regenerations of seed dispersal and serotinous species due
to altered burn characteristics) to alter ecosystem resilience.

e Information science: Li et al. (2022) find compound
adverbial attacks, combining two attack methods that
target the same system node, are more effective, as the
[attacked] system’s response is compromised. Using “a
systematic analytical technique for modelling and
analysing compound information warfare strategies”,
Kopp (2005, p. 7) illustrates the combinatory leverage
of multiple activities (e.g. a phoney radio signal, a cyber
attack, destruction of devices, targeted propaganda,
etc.) on a specific node (or “victim”), and the difficulty
in effective counters due to its multifaceted nature.

e Risk: Within the risk literature, the concept of com-
pound effects is routinely operationalised (Schlosser
et al. 2023) and understood as “two or more relatively
rare and high-consequence events that co-occur in time
and space, amplifying their effects” (Klasa et al. 2025,
p- 1), leading to multiplicative effects and overwhelm-
ing system actors. Similarly, Linkov et al.’s (2024)
modelling of the Late Bronze Age Collapse highlighted
that only the simultaneous loss of cross-system regional
nodes (e.g. two or more nodes within the political and
trade systems) led to cascading failures.

e Organisational theory: In an instructive empirical study
of organisational restructures (cf. reconfigurations)
based on complex adaptive system theory, Girod and
Whittington (2015, p. 1532) conclude that while
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“...discrete perturbations [can] eventually [lead] to
discontinuous  change...[a]Jccumulated incremental
change is only likely to trigger discontinuous change
in conditions of disequilibrium. Ordinarily, then, it is
bursts of change that are more likely to lead directly to
escalation”. Similarly, Willcock et al. (2023), reporting
on computer simulations of ecological collapse, find
that “real-world tipping elements are more likely to be
driven by multiple, fast drivers and extreme events”.

e Economic theory: Here, the idea of compounding
effects—reinvestment of interest gained on top of
existing investment—has a long history. Tracing 4,000
years of economic thought, Hudson (2000, p. 345)
documents how the “mathematics of debts mounting up
compound interest tend[ed] to overwhelm the economy’s
ability to pay”, further demonstrating that accumulation,
if targeted, can generate significant amplification and
disrupt (or cause to falter) incumbent structures.

e Military strategy: The concept of achieving compound
effects appears extensively in military strategy in various
doctrinal forms. Compound Warfare (Huber 2002),
specifically, can be defined as “conflicts with regular
and irregular components fighting simultaneously under
unified direction” where “complementary effects are
generated by its ability to exploit the advantages of each
kind of force and by the nature of the threat posed by each
kind of force” (Hoffman 2009, p. 3).

Drawing from these findings, we summarise that com-
pound effects in a system are produced when (a) multiple
events, (b) of more than one type, (c) impact nodes sus-
ceptible to disruption, at (d) a speed or scale that (e) com-
promise or overwhelm the system’s ability to recover or
mount a defensive response. We conclude that, given the
cross-disciplinary consistency in detailing the characteris-
tics of compounding phenomena, compound effects are
most likely to occur when every element is activated.

ACHIEVING COMPOUND EFFECTS IN NATURE
CONNECTEDNESS

Informed by this diverse literature on compounding effects
and, specifically with regards to nature connectedness,
building on Richardson et al.’s (2020a) work outlining
system leverage points to achieve nature connection at
societal scale, we present a stepwise approach (see, for
example, van Ginkel et al. 2022) for the strategic arrange-
ment of nature connectedness interventions that should,
theoretically, achieve a compound effect. Though the weight
and complexity of the evidence on interventions varies, a
reasonable null hypothesis is that the effects are additive,
and unlikely to be antagonistic (as supported by Pocock
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et al.’s (2023, p. 591) finding that combining citizen science
with noticing three good things in nature (3GTiN) “engaged
the pathways to nature connectedness at least as strongly as
the highest scoring of citizen science or 3GTiN individu-
ally”), and that it is the systemic application around the
compound elements we highlight above that generates
effect. It is worth clarifying that our theorisation is built on
the evidence that compound effects can bring about systems
change, but in a real-world setting (e.g. an advanced
industrialised economy) this would entail (and require)
dissolution of the existing system (i.e. a regime change). In
the literature we reviewed above, this is predominantly
studied from a perspective of reduced existing system resi-
lience, an inability to recover and thus collapse, rather than
“transformation”. While we make no moral or normative
assessments here, the system characteristics of collapse and
transformation can be considered agnostic for our purposes.

Step 1: Target susceptible nodes

A node in this context for enhancing nature connectedness
could be an individual person, a village, town or city, a region or
a particular institution (Moodie and Wheelahan, 2024),
organisation or network itself, where they have a high centrality
measure (e.g. Ghalmane et al. 2019) and at least some measure
of susceptibility (Laursen and Feur, 2022; Hu et al. 2022), e.g.
personal crisis, economic hardships (e.g. Lee et al. 2015), strong
countercultural activist base, etc. Nodes of susceptibility are
therefore types of systems leverage points, following Mead-
ows’s (1999) definition (widely cited in nature connection lit-
erature), but are further distinguished by their (in)capacity to
withstand, resist and recover from effects. Leverage is achieved
by exploiting weakness and countering/suppressing recovery,
where recovery is a return to a near-equilibrium state (O’Neill
1998), i.e. the status quo of diminished nature connection. For
example, considering ideological orientation to the dominant
social paradigm (DSP) (Bogert et al. 2022) and using Fager-
holm’s (2016, p. 151) conceptual typology of ideology, only
particular subversive ideologies that “reject and consequently,
combat” the industrialised DSP would present as a character-
istic of susceptibility for our purposes. The ability to achieve
compound effects of nature connectedness here is leveraged
through the susceptibility of ideologically predisposed indi-
viduals and groups to replace “...one interpretation of an
environment and a prescription as to how that environment
should be structured” (Denzau and North 1994, p. 4) with
another, and then reject and combat (re)emergence of the pre-
vious ideology (e.g. industrialised capitalism) through collec-
tive action (van Zomeren et al. 2008).
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Step 2: Assess and prevent counter-response

A counter-response can be defined, for present purposes, as
the means, method and material used to recover and re-
establish normal system functioning, passively or actively.
In the context of nature connectedness, at different scales
(from individual to societal), counter-responses are the
anthropogenic pressures that re-assert and intensify fol-
lowing a nature connectedness intervention, and thus, over
time, are likely to increase the dissipation rate of increased
NCI scores. For instance, as the strongest interventions for
nature connectedness involve sustained direct experience
with diverse natural settings (e.g. being in ancient wood-
land, with meadows and ocean views, or a five-day
wilderness immersion without phones), when coming out
of these settings, most people are likely to return to an
urban home environment (increasing disconnection, for
example, Kowarik et al. (2025); Speller and Twigger-ross
(2009)), be exposed to digital and broadcast media (rein-
forcing materialist, consumerist behaviour, e.g. Hartmann
et al. (2023)), and realign with dominant social practices
(e.g. Eastwood et al. 2023) and declining environmental
baselines (Soga and Gaston 2024). But this is not isolated
to wildspace—urban transitions; even if we sustain experi-
ence in naturally diverse settings, the mere presence of
other humans is enough to reduce nature connectedness, as
Lengieza et al. (2025) have recently shown.

Beyond passive and semi-passive anthropogenic pres-
sures, more indirect responses aimed at stabilising the
status quo (again, at difference scales: individual to soci-
etal) may need to be prevented, such as increasingly dra-
conian criminal legislation targeting climate and
environmental protests (e.g. Falcone et al. 2020), emer-
gency legislation and environmental target backsliding (see
McLaren and Corry 2023), and mainstream narrative
frames that undermine pro-environmental action (e.g. Fal-
cone et al. 2020). Further still, direct counter-responses to
pro-environmental behaviour linked to deep nature con-
nectedness (Mattijssen et al 2020; Hanacek et al 2024;
Soga and Gaston 2024) may even appear in the form of
physical violence, up to and including massacres, serial
killings and assassinations (Tran and Hanalek 2023).
Anthropogenic environment pressures, indirect and direct
responses, unless prevented or at least suppressed, will
almost certainly negate nature connectedness interventions
from compounding. We propose that assessing and pre-
venting systemic conditions that may exacerbate the dis-
sipation rate of nature connectedness following
interventions is a key research area.
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Step 3. Deliver successive and diverse interventions
at speed and scale

Speed and scale of nature connectedness interventions can
be simply conceived as (1) speed: the time between inter-
ventions and before anticipated effects dissipate, and (2)
scale: interventions that impact through different mecha-
nisms (or attentional modalities) and/or spatial scales, to
achieve a form of envelopment (Frers 2007, p. 34) of
nature connection. Speed and scale focus on the temporal—
spatial dynamics, at different scales (from individual to
societal), of compounding effects of nature connectedness.
In our theorisation, speed then implies shortening the time
between interventions and scale implies a range of inter-
ventions at different spatial spaces, across a range of
modalities (e.g. within a wetland, in an office, at home,
through nature poetry, VR nature experience and ritual) to
build synergies (e.g. Djernis et al. 2019).

We can speculate that nature connectedness interven-
tions should be deployed (1) at a speed sufficient to
maintain nature connectedness (before effect dissipation)
and (2), fast enough to outpace counter-responses (step 2),
targeting people, places and systems that have high cen-
trality measure (step 1). For example, following a high-
impact invention—such as a five-day wilderness immer-
sion without phones—and assuming a conservative effect
dissipation rate of one month, a second intervention, using
a different modality in a different space (e.g. social VR
Celtic rainforest experience, in the home), could be
deployed within the first two weeks. This may meet step 1
(target susceptible nodes), but it would be unlikely to
address step 2 (assess and prevent counter-response), since
within minutes or hours of the immersion, on the drive
home, anthropogenic pressures resume: adverts, radio
programmes, social media and ultra-processed food,
friends and family, almost immediately start to reduce
nature connectedness. As many papers have noted, under-
going a particular intervention increased the motivation of
participants to explore or re-engage with other interven-
tions. For compounding effects, it seems necessary to act
before dissipation. Thus, capitalising on this motivation,
successive interventions should follow quickly after the
initial exposure.

There are many ways to sequence and coordinate inter-
ventions, but the principles of speed and scale are theoreti-
cally of central importance to achieving compounding
effects. It is therefore necessary to consider which inter-
vention types afford connection in different places (e.g. the
home) and in ways suited to those places (e.g. TV pro-
grammes); for example, van Rompay et al. (2023, p. 8) found
VR experiences of spacious landscapes increases nature
connectedness, providing an effective means “to stage
immersive nature experiences” where direct access is
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restricted. Our sensory-introspective-conceptual framework
(Fig. 1) can help inform intervention selection.

Speed and scale alone are unlikely to be sufficient to
achieve decisive compound effect and thus transforma-
tional change. Take, for example, the combined “shock and
awe” and Blitzkrieg of Coalition Forces in the 2003
Invasion of Iraq, which dismantled the incumbent gov-
ernment in under 28 days (a form of transformation), often
noted for its speed. As Biddle (2007) writes, speed, while
often considered as central to its success, was not suffi-
cient, and it was the Iraqis’ ineffectiveness and weakness
that compounded Western advantage. This, again, high-
lights the importance of leveraging speed and scale of
interventions against vulnerable nodes (step 1) and working
with anthropogenic counter-response dynamics (step 2).
For enhancing nature connectedness, therefore, selection of
interventions should be cognisant of, and integrate with,
measures that prevent or inhibit these pressures. Speed and
scale, while appearing across disciplines as a key charac-
teristic in compounding effects, are perhaps the least
explicitly studied, and therefore open up a number of
important research questions into the effects of the tem-
poral-spatial dynamics of nature connectedness (e.g. effect
dissipations rates, e.g. Spano et al. 2023).

Following these steps presents a simple, evidence-based
procedure for strategies and programmes to (a) improve
nature connectedness and (b) achieve compound effects in
support of more radical systems change, from individual to
societal levels. Figure 2 provides an illustration of our
theorisation.

CONCLUSION

Our review of nature connectedness interventions shows
that while some are shown to be partly effective, further
research is required into how to amplify their effects to
achieve transformational change. Reviewing systems the-
ory from across different disciplines and fields, we distilled
the system characteristics that generate compound effects
which can contribute to transformational change. Com-
pound effect is achieved when (a) multiple events, (b) of
more than one type, (c) impact nodes susceptible to dis-
ruption, at (d) a speed or scale that (e) compromise or
overwhelm the system’s ability to recover or mount a
defensive response. This constitutes a theoretical outline
for achieving compounded nature connectedness.
Programme design should consider the most effective
sequencing for different interventions. For example, while
interventions to convey nature/ecological risk are beyond
the scope of this paper, we recommend that the integration
of conceptual material—and potentially direct experi-
ence—of the realisation of current ecological risks should
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Fig. 2 Stylised illustration of compounding nature connectedness interventions over time that suppress anthropogenic pressures and counter-
effect dissipation rates. From left to right, this figure shows how a nature intervention (NI 1) improves the baseline NCI score but then, without
further intervention, anthropogenic pressures (thin red downwards arrows) degrade the NC effect, and intensify if not countered (thick red
downwards arrows). Theoretically, compounding interventions (2-5), reach significantly higher NCI scores and inhibit the influence of

anthropogenic pressures

be explored. Such material and experience is often used at
the outset of communication and engagement activity to
create a “burning platform”, but this must be done with
care, as individuals vary in their tolerance for “negative”
information and challenging experiences. However, per-
haps later in a sequence, this may bolster nature connect-
edness and galvanise action in terms of what is being lost,
and might be lost in the future, especially if it can be
potently embodied in new ways. A second question around
sequencing refers to the more conceptual content. Here we
recommend further work into how it can be included less as
detached material and more as an integrated part of other
interventions, recognising that in some cases it can enrich
those experiences while in other cases those less concep-
tual interventions might be more effective in a simpler or
more flexible form. Further research is needed, then, to
understand the effectiveness of various sequencing options
on nature connectedness.

Such research on effective sequencing could form part
of a broader evidence-based monitoring and evaluation
programme to explore different combinations of interven-
tions. Combinations should be evaluated over different
timescales, such as over several days, weeks or months,
and, given that many participants have very limited train-
ing time and budgets, even over a one-day blend of
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conceptual and introspective activities carried out in a
natural setting. We suggest using an established nature
connectedness scale to assess pre- and post-programme
nature connectedness, in addition to assessing ultimate pro-
environmental attitudes and behaviours, but that this should
be complemented by qualitative approaches, especially in
areas such as the arts where such methods have generated
additional insights. In theory, programme assessments
could be carried out for current programme or training
providers using different blends of interventions. However,
few organisations currently have such a mixed programme,
the numbers of participants may not be statistically sig-
nificant, and there are likely to be sensitivities in publishing
results. Hence, systematic testing may require a new pro-
gramme or training package—whether or not at an existing
organisation—which can trial combinations and sequences
in a systematic way, and perhaps with the funding neces-
sary to enable significant levels of participation. Alongside
other research into combinations of interventions, this
would be valuable for developing the kind of training and
development approaches that may be critical for genuine
sustainability transformations.

Funding Matt Pritchard and Tom H. Oliver were funded by a V.
Kann Rasmussen Foundation grant (project “Catalyst for Nature-

@ Springer



Ambio

centric Awareness and Governance”) that supported their time
commitment.

Declarations

Conflict of interest The authors declare no conflicts of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

REFERENCES

Abson, D. J., J. Fischer, J. Leventon, J. Newig, T. Schomerus, U.
Vilsmaier, H. von Wehrden, P. Abernethy, et al. 2017. Leverage
points for sustainability transformation. Ambio 46: 30-39.
https://doi.org/10.1007/s13280-016-0800-y.

Adams, D., and G. Beauchamp. 2019. Spiritual moments making
music in nature: A study exploring the experiences of children
making music outdoors, surrounded by nature. International
Journal of Children’s Spirituality 24: 260-275. https://doi.org/
10.1080/1364436X.2019.1646220.

Aday, J. S., E. K. Bloesch, A. K. Davis, S. E. Domoff, K. Scherr, J.
D. Woolley, and C. C. Davoli. 2024. Effects of Ayahuasca on
gratitude and relationships with nature: A Prospective natural-
istic study. Journal of Psychoactive Drugs. https://doi.org/10.
1080/02791072.2024.2312980.

Adventure-Heart, D. J., and M. Proeve. 2017. Mindfulness and
Loving-Kindness Meditation: Effects on Connectedness to
Humanity and to the Natural World. Psychological Reports
120: 102-117. https://doi.org/10.1177/0033294116685867.

Albrecht, G. A. 2019. Earth Emotions: New Words for a New World.
Ithaca: Cornell University Press.

Ankrah, D., J. Bristow, D. Hires, and J. Artem Henriksson. 2023.
Inner Development Goals: from inner growth to outer change.
Field Actions Science Reports: the Journal of Field Actions. 25:
82-87.

Arbuthnott, K. D., and G. C. Sutter. 2019. Songwriting for nature:
Increasing nature connection and well-being through musical
creativity. Environmental Education Research 25: 1300-1318.
https://doi.org/10.1080/13504622.2019.1608425.

Areias, S., A. Disterheft, and P. G. Jodo. 2023. The role of
connectedness in pro-environmental consumption of fashionable
commodities. Sustainability 15: 1199. https://doi.org/10.3390/
sul5021199.

Bakir-Demir, T., S. K. Berument, and S. Akkaya. 2021. Nature
connectedness boosts the bright side of emotion regulation,
which in turn reduces stress. Journal of Environmental Psychol-
ogy 76: 101642. https://doi.org/10.1016/j.jenvp.2021.101642.

Balazsi, AA, M. Riechers, T. Hartel, J. Leventon, and J. Fischer. 2019.
The impacts of social-ecological system change on human-
nature connectedness: A case study from Transylvania. Roma-
nia. Land Use Policy 89: 104232. https://doi.org/10.1016/j.
landusepol.2019.104232.

@ Springer

Barragan-Jason, G., C. de Mazancourt, C. Parmesan, M. C. Singer,
and M. Loreau. 2022. Human-nature connectedness as a
pathway to sustainability: A global meta-analysis. Conservation
Letters 15: €12852. https://doi.org/10.1111/conl.12852.

Beard, S. J., L. Holt, A. Tzachor, L. Kemp, S. Avin, P. Torres, and H.
Belfield. 2021. Assessing climate change’s contribution to global
catastrophic risk. Futures: the Journal of Policy, Planning and
Futures Studies 127: 102673. https://doi.org/10.1016/j.futures.
2020.102673.

Beauman, N. 2022. Venomous Lumpsucker. London: Sceptre.

Bergstrom, D. M., B. C. Wienecke, J. Hoff, L. Hughes, D.
B. Lindenmayer, T. D. Ainsworth, C. M. Baker, L. Bland,
et al. 2021. Combating ecosystem collapse from the tropics to
the Antarctic. Global Change Biology 27: 1692-1703. https://
doi.org/10.1111/gcb.15539.

Bezemer, J., and G. Kress. 2015. Multimodality, Learning and
Communication: A Social Semiotic Frame. London: Routledge.

Biddle, S. 2007. Speed kills? Reassessing the role of speed, precision,
and situation awareness in the Fall of Saddam. Journal of
Strategic Studies 30: 3—46. https://doi.org/10.1080/0140239070
1210749.

Bogert, J. M., J. Ellers, S. Lewandowsky, M. M. Balgopal, and J.
A. Harvey. 2022. Reviewing the relationship between neoliberal
societies and nature: Implications of the industrialized dominant
social paradigm for a sustainable future. Ecology and Society 27:
7. https://doi.org/10.5751/ES-13134-270207.

Bovarnick, A. and T. Legrand. 2022. Beyond sustainability: Evolving
to conscious food systems: How the conscious food systems
alliance can help us to reframe our thinking. (UNDP blog)
https://www.undp.org/foodsystems/blog/beyond-sustainability

Brambilla, E., E. Petersen, K. Stendal, V. Sundling, T. E. Maclntyre,
and G. Calogiuri. 2024. Effects of immersive virtual nature on
nature connectedness: A systematic review and meta-analysis.
Digital Health. https://doi.org/10.1177/20552076241234639.

Branham, L. 2024. Embodied earth kinship: Interoceptive awareness
and relational attachment personal factors predict nature con-
nectedness in a structural model of nature connection. Frontiers
in Psychology 15: 1400655. https://doi.org/10.3389/fpsyg.2024.
1400655.

Brewster, P. W., R. J. Melrose, M. J. Marquine, J. K. Johnson, A.
Napoles, A. MacKay-Brandt, S. Farias, B. Reed, et al. 2014. Life
experience and demographic influences on cognitive function in
older adults. Neuropsychology 28: 846-858. https://doi.org/10.
1037/mneu0000098.

Bristow, J., R. Bell, C. Wamsler. 2022. Reconnection: Meeting the
Climate Crisis Inside Out. Research and policy report. The
Mindfulness  Initiative ~—and LUCSUS.  www.themindful
nessinitiative.org/reconnectionYuval.

Bristow, J., R. Bell, C. Wamsler, T. Bjorkman, P. Tickell, J. Kim, and
O. Scharmer. 2024. The system within: Addressing the inner
dimensions of sustainability and systems change. The Club of
Rome. Earth4All: deep-dive paper 17 (https://www.clubofrome.
org/wp-content/uploads/2024/05/Earth4All_Deep_Dive_Jamie_
Bristow.pdf).

Browning, M. H. E. M., K. J. Mimnaugh, C. J. van Riper, H.
K. Laurent, and S. M. LaValle. 2020. Can simulated nature
support mental health? Comparing short, single-doses of
360-degree nature videos in virtual reality with the outdoors.
Frontiers in Psychology 10: 2667. https://doi.org/10.3389/fpsyg.
2019.02667.

Brozovic, D. 2023. Societal collapse: A literature review. Futures:
THe Journal of Policy, Planning and Futures Studies 145:
103075. https://doi.org/10.1016/j.futures.2022.103075.

Buma, B. 2015. Disturbance interactions: Characterization, predic-
tion, and the potential for cascading effects. Ecosphere 6: 1-15.
https://doi.org/10.1890/ES15-00058.1.

www.kva.se/en


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1080/1364436X.2019.1646220
https://doi.org/10.1080/1364436X.2019.1646220
https://doi.org/10.1080/02791072.2024.2312980
https://doi.org/10.1080/02791072.2024.2312980
https://doi.org/10.1177/0033294116685867
https://doi.org/10.1080/13504622.2019.1608425
https://doi.org/10.3390/su15021199
https://doi.org/10.3390/su15021199
https://doi.org/10.1016/j.jenvp.2021.101642
https://doi.org/10.1016/j.landusepol.2019.104232
https://doi.org/10.1016/j.landusepol.2019.104232
https://doi.org/10.1111/conl.12852
https://doi.org/10.1016/j.futures.2020.102673
https://doi.org/10.1016/j.futures.2020.102673
https://doi.org/10.1111/gcb.15539
https://doi.org/10.1111/gcb.15539
https://doi.org/10.1080/01402390701210749
https://doi.org/10.1080/01402390701210749
https://doi.org/10.5751/ES-13134-270207
https://www.undp.org/foodsystems/blog/beyond-sustainability
https://doi.org/10.1177/20552076241234639
https://doi.org/10.3389/fpsyg.2024.1400655
https://doi.org/10.3389/fpsyg.2024.1400655
https://doi.org/10.1037/neu0000098
https://doi.org/10.1037/neu0000098
http://www.themindfulnessinitiative.org/reconnectionYuval
http://www.themindfulnessinitiative.org/reconnectionYuval
https://www.clubofrome.org/wp-content/uploads/2024/05/Earth4All_Deep_Dive_Jamie_Bristow.pdf
https://www.clubofrome.org/wp-content/uploads/2024/05/Earth4All_Deep_Dive_Jamie_Bristow.pdf
https://www.clubofrome.org/wp-content/uploads/2024/05/Earth4All_Deep_Dive_Jamie_Bristow.pdf
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.1016/j.futures.2022.103075
https://doi.org/10.1890/ES15-00058.1

Ambio

Butzer, K. W. 2012. Collapse, environment, and society. Proceedings
of the National Academy of Sciences 109: 3632-3639. https://
doi.org/10.1073/pnas.1114845109.

Capaldi, C. A., R. L. Dopko, and J. M. Zelenski. 2014. The
relationship between nature connectedness and happiness: A
meta-analysis. Frontiers in Psychology 5: 976. https://doi.org/10.
3389/fpsyg.2014.00976.

Carhart-Harris, R. L., M. Bolstridge, C. M. J. Day, J. Rucker, R.
Watts, D. E. Erritzoe, M. Kaelen, B. Giribaldi, et al. 2018.
Psilocybin with psychological support for treatment-resistant
depression: Six-month follow-up. Psychopharmacology (Berl)
235: 399-408. https://doi.org/10.1007/s00213-017-4771-x.

Carvalho, A., and M. Riquito. 2022. Listening with the Subaltern:
Anthropocene, pluriverse and more-than-human agency. Nordia
Geographical Publications 51: 37-56. https://doi.org/10.30671/
nordia.107404.

Cazalis, V., M. Loreau, and G. Barragan-Jason. 2023. A global
synthesis of trends in human experience of nature. Frontiers in
Ecology and the Environment 21: 85-93. https://doi.org/10.1002/
fee.2540.

Choe, E. Y., A. Jorgensen, and D. Sheffield. 2020. Does a natural
environment enhance the effectiveness of Mindfulness-Based
Stress Reduction (MBSR)? Examining the mental health and
wellbeing, and nature connectedness benefits. Landscape and
Urban  Planning 202: 103886. https://doi.org/10.1016/].
landurbplan.2020.103886.

Cioffi-Revilla, C. 2016. Socio-ECOLOGICAL SYStems. In Bainbridge,
W. S., and Roco, M. C. (eds.) (2016). Handbook of Science and
Technology Convergence. Springer Publishing Company, Incorpo-
rated. https://doi.org/10.1007/978-3-319-04033-2_76-1

Cooper, G. S., S. Willcock, and J. A. Dearing. 2020. Regime shifts occur
disproportionately faster in larger ecosystems. Nature Communi-
cations 11: 1175. https://doi.org/10.1038/s41467-020-15029-x.

Corballis, M. C. 2014. Left brain, right brain: Facts and fantasies.
PLoS Biology 12: e1001767. https://doi.org/10.1371/journal.
pbio.1001767.

Cumming, G. S., and G. D. Peterson. 2017. Unifying research on
social-ecological resilience and collapse. Trends in Ecology and
Evolution (Amsterdam) 32: 695-713. https://doi.org/10.1016/].
tree.2017.06.014.

Denzau, A. T., and D. C. North. 1994. Shared mental models:
Ideologies and institutions. Kyklos 47: 3-31. https://doi.org/10.
1111/5.1467-6435.1994.tb02246.x.

Diamond, J. 1994. Ecological collapses of past civilizations.
Proceedings of the American Philosophical Society 138:
363-370.

Diamond, J. M., A. Hallam, and W. G. Chaloner. 1989. The present,
past and future of human-caused extinctions. Philosophical
Transactions of the Royal Society of London Series b, Biological
Sciences 325: 469-477. https://doi.org/10.1098/rstb.1989.0100.

Diaz, S., J. Settele, E. S. Brondizio, H. T. Ngo, J. Agard, A. Arneth, P.
Balvanera, and K. A. Brauman et al. 2019. Pervasive human-driven
decline of life on earth points to the need for transformative change.
Science. https://doi.org/10.1126/science.aax3100.

Djernis, D., I. Lerstrup, D. Poulsen, U. Stigsdotter, J. Dahlgaard, and
M. O’Toole. 2019. A systematic review and meta-analysis of
nature-based mindfulness: Effects of moving mindfulness train-
ing into an outdoor natural setting. International Journal of
Environmental Research and Public Health 16: 3202. https://doi.
org/10.3390/ijerph16173202.

Doblin, R. 1991. Pahnke’s “Good Friday experiment”: A long-term
follow-up and methodological critique. The Journal of Transper-
sonal Psychology, 23.

Dorninger, C., D. J. Abson, C. I. Apetrei, P. Derwort, C. D. Ives, K.
Klaniecki, D. P. M. Lam, M. Langsenlehner, et al. 2020.
Leverage points for sustainability transformation: A review on

www.kva.se/en

interventions in food and energy systems. Ecological Economics
171: 106570. https://doi.org/10.1016/j.ecolecon.2019.106570.

Eastwood, A., A. Juarez-Bourke, S. Herrett, and A. Hague. 2023.
Connecting young people with greenspaces: The case for
participatory video. People and Nature 5: 357-367. https://doi.
org/10.1002/pan3.10236.

Eisenstein, C. 2013. The Ascent of Humanity: Civilization and the
Human Sense of Self. Berkeley, CA: North Atlantic Books.
Engel, Y., A. Ramesh, and N. Steiner. 2020. Powered by compassion:
The effect of loving-kindness meditation on entrepreneurs’
sustainable decision-making. Journal of Business Venturing 35:

105986. https://doi.org/10.1016/j.jbusvent.2019.105986.

Fagerholm, A. 2016. Ideology: A proposal for a conceptual typology.
Social Science Information 55: 137-160. https://doi.org/10.1177/
0539018416629229.

Falcone, P. M., G. D’Alisa, A. R. Germani, and P. Morone. 2020. When
all seemed lost: A social network analysis of the waste-related
environmental movement in Campania Italy. Political Geography
77: 102114. https://doi.org/10.1016/j.polge0.2019.102114.

Farkié, J., S. Filep, and S. Taylor. 2020. Shaping tourists’ wellbeing
through guided slow adventures. Journal of Sustainable Tourism
28: 2064-2080. https://doi.org/10.1080/09669582.2020.1789156.

Fischer, J., and M. Riechers. 2019. A leverage points perspective on
sustainability. People and Nature 1: 115-120. https://doi.org/10.
1002/pan3.13.

Flynn, R., P. Bellaby, and M. Ricci. 2009. The “value-action gap” in
public attitudes towards sustainable energy: The case of
hydrogen energy. The Sociological Review (Keele) 57:
159-180. https://doi.org/10.1111/j.1467-954X.2010.01891 .x.

Forstmann, M., and C. Sagioglou. 2017. Lifetime experience with
(classic) psychedelics predicts pro-environmental behavior
through an increase in nature relatedness. Journal of Psy-
chopharmacology (Oxford) 31: 975-988. https://doi.org/10.
1177/0269881117714049.

Forstmann, M., H. S. Kettner, C. Sagioglou, A. Irvine, S. Gandy, R.
L. Carhart-Harris, and D. Luke. 2023. Among psychedelic-
experienced users, only past use of psilocybin reliably predicts
nature relatedness. Journal of Psychopharmacology 37: 93—106.
https://doi.org/10.1177/02698811221146356.

Frers, L. 2007. Perception, aesthetics, and envelopment: Encountering
space and materiality. In Encountering urban places. Frers L.,
and L. Meier (eds.). Aldershot: Ashgate.

Gagnon Thompson, S. C., and M. A. Barton. 1994. Ecocentric and
anthropocentric attitudes toward the environment. Journal of
Environmental Psychology 14: 149-157. https://doi.org/10.1016/
S0272-4944(05)80168-9.

Gandy, S., M. Forstmann, R. L. Carhart-Harris, C. Timmermann, D.
Luke, and R. Watts. 2020. The potential synergistic effects between
psychedelic administration and nature contact for the improvement
of mental health. Health Psychology Open 7:2055102920978123.
https://doi.org/10.1177/2055102920978123.

Ghalmane, Z., C. Cherifi, H. Cherifi, and M. E. Hassouni. 2019.
Centrality in complex networks with overlapping community
structure. Scientific Reports 9: 10133. https://doi.org/10.1038/
541598-019-46507-y.

Gilbertson, E. 2012. When Nature Speaks: Evoking Connectedness with
Nature in Children through Role-Play in Outdoor Programming.
ProQuest Dissertations and Theses. http://hdl.handle.net/10170/535

Girod, S. J. G., and R. Whittington. 2015. Change escalation
processes and complex adaptive systems: From incremental
reconfigurations to discontinuous restructuring. Organization
Science 26: 1520-1535. https://doi.org/10.1287/orsc.2015.0993.

Giusti, M., U. Svane, C. M. Raymond, and T. H. Beery. 2018. A
framework to assess where and how children connect to nature.
Frontiers in Psychology 8: 2283-2283. https://doi.org/10.3389/
fpsyg.2017.02283.

@ Springer


https://doi.org/10.1073/pnas.1114845109
https://doi.org/10.1073/pnas.1114845109
https://doi.org/10.3389/fpsyg.2014.00976
https://doi.org/10.3389/fpsyg.2014.00976
https://doi.org/10.1007/s00213-017-4771-x
https://doi.org/10.30671/nordia.107404
https://doi.org/10.30671/nordia.107404
https://doi.org/10.1002/fee.2540
https://doi.org/10.1002/fee.2540
https://doi.org/10.1016/j.landurbplan.2020.103886
https://doi.org/10.1016/j.landurbplan.2020.103886
https://doi.org/10.1007/978-3-319-04033-2_76-1
https://doi.org/10.1038/s41467-020-15029-x
https://doi.org/10.1371/journal.pbio.1001767
https://doi.org/10.1371/journal.pbio.1001767
https://doi.org/10.1016/j.tree.2017.06.014
https://doi.org/10.1016/j.tree.2017.06.014
https://doi.org/10.1111/j.1467-6435.1994.tb02246.x
https://doi.org/10.1111/j.1467-6435.1994.tb02246.x
https://doi.org/10.1098/rstb.1989.0100
https://doi.org/10.1126/science.aax3100
https://doi.org/10.3390/ijerph16173202
https://doi.org/10.3390/ijerph16173202
https://doi.org/10.1016/j.ecolecon.2019.106570
https://doi.org/10.1002/pan3.10236
https://doi.org/10.1002/pan3.10236
https://doi.org/10.1016/j.jbusvent.2019.105986
https://doi.org/10.1177/0539018416629229
https://doi.org/10.1177/0539018416629229
https://doi.org/10.1016/j.polgeo.2019.102114
https://doi.org/10.1080/09669582.2020.1789156
https://doi.org/10.1002/pan3.13
https://doi.org/10.1002/pan3.13
https://doi.org/10.1111/j.1467-954X.2010.01891.x
https://doi.org/10.1177/0269881117714049
https://doi.org/10.1177/0269881117714049
https://doi.org/10.1177/02698811221146356
https://doi.org/10.1016/S0272-4944(05)80168-9
https://doi.org/10.1016/S0272-4944(05)80168-9
https://doi.org/10.1177/2055102920978123
https://doi.org/10.1038/s41598-019-46507-y
https://doi.org/10.1038/s41598-019-46507-y
http://hdl.handle.net/10170/535
https://doi.org/10.1287/orsc.2015.0993
https://doi.org/10.3389/fpsyg.2017.02283
https://doi.org/10.3389/fpsyg.2017.02283

Ambio

Golanska, D. 2022. Slow urbicide: Accounting for the shifting
temporalities of political violence in the West Bank. Geoforum
132: 125-134. https://doi.org/10.1016/j.geoforum.2022.04.012.

Gongalves, F. R., and R. Penha. 2021. DIS_turbation—an artistic
approach to foster nature-connectedness. Journal of Science and
Technology of the Arts 13: 45-70. https://doi.org/10.34632/jsta.
2021.9631.

Goulart, H. M., I. Benito Lazaro, L. Van Garderen, K. Van Der Wiel,
D. Le Bars, E. Koks, and B. Van Den Hurk. 2024. Compound
flood impacts from Hurricane Sandy on New York City in
climate-driven storylines. Natural Hazards and Earth System
Sciences 24: 29-45. https://doi.org/10.5194/nhess-24-29-2024.

Grabowska-Chenczke, O., S. Wajchman-switalska, and M. Wozniak.
2022. Psychological well-being and nature relatedness. Forests
13: 1048. https://doi.org/10.3390/£13071048.

Gray, T., and C. Birrell. 2015. “Touched by the Earth”: A place-
based outdoor learning programme incorporating the Arts.
Journal of Adventure Education and Outdoor Learning 15:
330-349. https://doi.org/10.1080/14729679.2015.1035293.

Gray, T., and C. Thomson. 2016. Transforming environmental
awareness of students through the arts and place-based pedago-
gies. Learning Landscapes 9: 239-260. https://doi.org/10.36510/
learnland.v9i2.774.

Gunderson, L. H., and C. S. Holling, eds. 2002. Panarchy:
Understanding Transformations in Human and Natural Systems.
Washington, DC: Island Press.

Gutberlet, M. 2022. Geopolitical imaginaries and cultural ecosystem
services (CES) in the desert. Tourism Geographies 24: 549-577.
https://doi.org/10.1080/14616688.2018.1545250.

Halford, S., and D. Southerton. 2024. Sociodigital futures? An agenda
for sociological research and practice. Sociologia Italiana.
https://doi.org/10.1485/2281-2652-202426-4.

Hamlin, 1., and M. Richardson. 2022. Visible garden biodiversity is
associated with noticing nature and nature connectedness. Ecopsy-
chology 14: 111-117. https://doi.org/10.1089/ec0.2021.0064.

Hanacek, K., D. Tran, A. Landau, T. Sanz, M. A. Thiri, G. Navas, D. del
Bene, J. Liu, et al. 2024. “We are protectors, not protestors”:
Global impacts of extractivism on human-nature bonds. Sustain-
ability Science 19: 1789-1808. https://doi.org/10.1007/s11625-024-
01526-1.

Hartmann, P., A. Marcos, J. Castro, and V. Apaolaza. 2023. Perspec-
tives: Advertising and climate change: Part of the problem or part
of the solution? International Journal of Advertising 42: 430-457.
https://doi.org/10.1080/02650487.2022.2140963.

Hartogsohn, 1. 2017. Constructing drug effects: A history of set and
setting (review). Drug Science, Policy and Law,. https://doi.org/
10.1177/2050324516683325.

Hatty, M., D. Goodwin, L. Smith, and F. Mavondo. 2022. Speaking of
nature: relationships between how people think about, connect
with, and act to protect nature. Ecology and Society 27: 17.
https://doi.org/10.5751/ES-13369-270317.

Hoffman, F. G. 2009. Hybrid vs. compound war. Armed Forces
Journal, 1, 15.

Howell, A. J., R. L. Dopko, H.-A. Passmore, and K. Buro. 2011.
Nature connectedness: Associations with well-being and mind-
fulness. Personality and Individual Differences 51: 166—171.
https://doi.org/10.1016/j.paid.2011.03.037.

Hu, H., Z. Sun, F. Wang, L. Zhang, and G. Wang. 2022. Exploring
influential nodes using global and local information. Scientific
Reports 12: 22506. https://doi.org/10.1016/j.physa.2019.123262.

Huber, T. M. (ed.) (2002). Compound Warfare: That Fatal Knot. Fort
Leavenworth, KA: U.S. Army Command and General Staff
College Press.

Hudson, M. 2000. The mathematical economics of compound
interest: A 4,000-year overview. Journal of Economic Studies
27: 344. https://doi.org/10.1108/01443580010341853.

@ Springer

IPBES. 2019. Global assessment report on biodiversity and ecosystem
services of the intergovernmental science-policy platform on
biodiversity and ecosystem services. E. S. Brondizio, J. Settele,
S. Diaz, and H. T. Ngo (eds). IPBES secretariat, Bonn, Germany.
1148 pages. https://doi.org/10.5281/zenodo.3831673

IPBES. 2022. Methodological Assessment Report on the Diverse
Values and Valuation of Nature of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Ser-
vices. Balvanera, P., Pascual, U., Christie, M., Baptiste, B., and
Gonzalez-Jiménez, D. (eds.). IPBES secretariat, Bonn, Germany.
https://doi.org/10.5281/zenodo.6522522

IPBES. 2024. Summary for policymakers of the thematic assessment
report on the underlying causes of biodiversity loss and the
determinants of transformative change and options for achieving
the 2050 vision for biodiversity of the intergovernmental
science-policy platform on biodiversity and ecosystem services.
O’Brien, K., Garibaldi, L., Agrawal, A., Bennett, E., Biggs, O.,
Calderén Contreras, R., Carr, E., Frantzeskaki, N., et al. (eds.).
IPBES secretariat, Bonn, Germany. https://doi.org/10.5281/
zenodo.11382215

IPCC. 2023. Climate Change 2023: Synthesis Report. Contribution of
Working Groups I, II and III to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change H. Lee and J.
Romero (eds.). IPCC, Geneva, Switzerland, pp. 35-115. https://
doi.org/10.59327/IPCC/AR6-9789291691647

Ives, C. D., D. J. Abson, H. von Wehrden, C. Dorninger, K. Klaniecki,
and J. Fischer. 2018. Reconnecting with nature for sustainability.
Sustainability Science 13: 1389-1397. https://doi.org/10.1007/
s11625-018-0542-9.

Janss, J., C. Wamsler, A. Smith, and L. Stephan. 2023. The Human
dimension of the green deal: how to overcome polarisation and
facilitate culture and system change. The Inner Green Deal
gGmbH, Cologne, Germany, and Lund University Centre for
Sustainability Studies (LUCSUS), Lund, Sweden.

Jones, R., and C. Johnstone. 2024. ‘The Work That Reconnects’: A
groupwork methodology for enhancing adaptive responses to the
climate and ecological crisis. The Cognitive Behaviour Therapist
17: €30. https://doi.org/10.1017/S1754470X24000011.

Kabat-Zinn, J. 1996. Full Catastrophe Living: How to Cope with
Stress, Pain and Illness using Mindfulness Meditation. London:
Piatkus.

Kellert, S. R., and E. O. Wilson, eds. 1993. The Biophilia Hypothesis.
Washington: Island Press.

Kettner, H., S. Gandy, E. C. H. M. Haijen, and R. L. Carhart-Harris.
2019. From egoism to ecoism: Psychedelics increase nature
relatedness in a state-mediated and context-dependent manner.
International Journal of Environmental Research and Public
Health 16: 5147. https://doi.org/10.3390/ijerph16245147.

King, N., and A. Jones. 2021. An analysis of the potential for the
formation of ‘nodes of persisting complexity. Sustainability 13:
8161. https://doi.org/10.3390/sul3158161.

Klasa, K., B. D. Trump, S. Dulin, M. Smith, H. Jarman, and I. Linkov.
2025. A resilience-augmented approach to compound threats and
risk governance: A systems perspective on navigating complex
crises. Environments (Basel, Switzerland) 12: 64. https://doi.org/
10.3390/environments12020064.

Klein, S. A., and B. E. Hilbig. 2018. How virtual nature experiences
can promote pro-environmental behavior. Journal of Environ-
mental Psychology 60: 41-47. https://doi.org/10.1016/j.jenvp.
2018.10.001.

Kleinman, J. S., J. D. Goode, A. C. Fries, and J. L. Hart. 2019.
Ecological consequences of compound disturbances in forest
ecosystems: a systematic review. Ecosphere. https://doi.org/10.
1002/ecs2.2962.

Kopp, C. 2005. The analysis of compound information warfare
strategies. In Proceedings of the 6th Australian Information

www.kva.se/en


https://doi.org/10.1016/j.geoforum.2022.04.012
https://doi.org/10.34632/jsta.2021.9631
https://doi.org/10.34632/jsta.2021.9631
https://doi.org/10.5194/nhess-24-29-2024
https://doi.org/10.3390/f13071048
https://doi.org/10.1080/14729679.2015.1035293
https://doi.org/10.36510/learnland.v9i2.774
https://doi.org/10.36510/learnland.v9i2.774
https://doi.org/10.1080/14616688.2018.1545250
https://doi.org/10.1485/2281-2652-202426-4
https://doi.org/10.1089/eco.2021.0064
https://doi.org/10.1007/s11625-024-01526-1
https://doi.org/10.1007/s11625-024-01526-1
https://doi.org/10.1080/02650487.2022.2140963
https://doi.org/10.1177/2050324516683325
https://doi.org/10.1177/2050324516683325
https://doi.org/10.5751/ES-13369-270317
https://doi.org/10.1016/j.paid.2011.03.037
https://doi.org/10.1016/j.physa.2019.123262
https://doi.org/10.1108/01443580010341853
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.5281/zenodo.6522522
https://doi.org/10.5281/zenodo.11382215
https://doi.org/10.5281/zenodo.11382215
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1007/s11625-018-0542-9
https://doi.org/10.1007/s11625-018-0542-9
https://doi.org/10.1017/S1754470X24000011
https://doi.org/10.3390/ijerph16245147
https://doi.org/10.3390/su13158161
https://doi.org/10.3390/environments12020064
https://doi.org/10.3390/environments12020064
https://doi.org/10.1016/j.jenvp.2018.10.001
https://doi.org/10.1016/j.jenvp.2018.10.001
https://doi.org/10.1002/ecs2.2962
https://doi.org/10.1002/ecs2.2962

Ambio

Warfare and Security Conference, 90-97. https://www.
ausairpower.net/PDF-A/Method-IWC6-05-Slides.pdf

Kowarik, I, W. Busmann, and I. Stopka. 2025. Unconventional
programmes to promote experiences with urban nature in Berlin.
People and Nature 7: 900-918. https://doi.org/10.1002/pan3.70013.

Kurth, A. M., D. Narvaez, R. Kohn, and A. Bae. 2020. Indigenous
nature connection: A 3-week intervention increased ecological
attachment. Ecopsychology 12: 101-117. https://doi.org/10.
1089/ec0.2019.0038.

Laursen, B., and S. Faur. 2022. What does it mean to be susceptible to
influence? A brief primer on peer conformity and developmental
changes that affect it. International Journal of Behavioral Devel-
opment 46: 222-237. https://doi.org/10.1177/01650254221084103.

Lee, T. M., E. M. Markowitz, P. D. Howe, C. Y. Ko, and A.
A. Leiserowitz. 2015. Predictors of public climate change
awareness and risk perception around the world. Nature Climate
Change 5: 1014-1020. https://doi.org/10.1038/nclimate2728.

Lengieza, M. L., and R. Aviste. 2025. Relationships between people
and nature: Nature connectedness and relational environmental
values. Current Opinion in Psychology 62: 101984. https://doi.
org/10.1016/j.copsyc.2024.101984.

Lengieza, M. L., and J. K. Swim. 2021. The paths to connectedness:
A review of the antecedents of connectedness to nature.
Frontiers in Psychology 12: 763231. https://doi.org/10.3389/
fpsyg.2021.763231.

Lengieza, M. L., M. Richardson, and R. Aviste. 2024. Situation
networks: The emotions and activities that are central to nature-
connectedness experiences. Journal of Environmental Psychol-
ogy. https://doi.org/10.1016/j.jenvp.2024.102491.

Lengieza, M. L., M. Richardson, and J. P. Hughes. 2025. Feature
networks: The environmental features that are central to nature-
connectedness experiences. Landscape and Urban Planning 259:
105362. https://doi.org/10.1016/j.landurbplan.2025.105362.

Lerner, M., and M. Lyvers. 2006. Values and beliefs of psychedelic drug
users: A cross-cultural study. Journal of Psychoactive Drugs 38:
143-147. https://doi.org/10.1080/02791072.2006.10399838.

Leung, G. Y. S., H. Hazan, and C. S. Chan. 2022. Exposure to nature
in immersive virtual reality increases connectedness to nature
among people with low nature affinity. Journal of Environmental
Psychology 83: 101863. https://doi.org/10.1016/j.jenvp.2022.
101863.

Li, Y., Z. Li, L. Zeng, S. Long, F. Huang, and K. Ren. 2022.
Compound adversarial examples in deep neural networks.
Information Sciences 613: 50-68. https://doi.org/10.1016/j.ins.
2022.08.031.

Linkov, I., S. E. Galaitsi, B. D. Trump, E. Pinigina, K. Rand, E.
H. Cline, and M. Kitsak. 2024. Are civilizations destined to
collapse? lessons from the Mediterranean Bronze Age. Global
Environmental Change 84: 102792. https://doi.org/10.1016/j.
gloenvcha.2023.102792.

Lockhart, A., S. Marvin, and A. While. 2023. Towards new ecologies
of automation: Robotics and the re-engineering of nature.
Geoforum 145: 103825. https://doi.org/10.1016/j.geoforum.
2023.103825.

Loy, L. S., K. Steppler, 1. Kliachko, J. Kuhlmann, C. Menzel, O.
Schick, and G. Reese. 2024. A virtually-induced overview
effect? how seeing the world from above through a simulated
space tour is related to awe, global identity and pro-environ-
mental behaviour. Journal of Environmental Psychology 99:
102428. https://doi.org/10.1016/j.jenvp.2024.102428.

Luke, D. 2019. Otherworlds: Psychedelics and Exceptional Human
Experience. London: Aeon Books Ltd.

Lumber, R., M. Richardson, and D. Sheffield. 2017. Beyond knowing
nature: Contact, emotion, compassion, meaning, and beauty are
pathways to nature connection. PLoS ONE 12: e0177186. https://
doi.org/10.1371/journal.pone.0177186.

www.kva.se/en

Lyons, T., and R. Carhart-Harris. 2018. Increased nature relatedness
and decreased authoritarian political views after psilocybin for
treatment-resistant depression. Journal of Psychopharmacology
32: 811-819. https://doi.org/10.1177/0269881117748902.

Macias-Zambrano, L., E. Cuadrado, and A. J. Carpio. 2024. Factors
that determine the connectedness with nature in rural and urban
contexts. PLoS ONE 19: e0309812. https://doi.org/10.1371/
journal.pone.0309812.

Mackay, C. M. L., and M. T. Schmitt. 2019. Do people who feel
connected to nature do more to protect it? A meta-analysis.
Journal of Environmental Psychology 65: 101323. https://doi.
org/10.1016/j.jenvp.2019.101323.

Macy, J. and M. Y. Brown. 2014. Coming Back to Life: The Updated
Guide to the Work That Reconnects. Gabriola Island, British
Columbia: New Society Publishers.

Majid, N., L. Taylor, and J. Dees. 2023. Nature Connectedness
through the Arts: Co-creating a Curriculum to Support Pupil
Wellbeing in Primary Schools. BERA. https://www.bera.ac.uk/
publication/nature-connectedness-through-the-arts.

Markwell, N., and T. E. Gladwin. 2020. Shinrin-yoku (forest bathing)
reduces stress and increases people’s positive affect and well-
being in comparison with its digital counterpart. Ecopsychology
12: 247-256. https://doi.org/10.1089/ec0.2019.0071.

Martin, P. 2004. Outdoor adventure in promoting relationships with
nature. Australian Journal of Outdoor Education 8: 20-28.
https://doi.org/10.1007/BF03400792.

Mathews, F. 2008. Thinking from within the calyx of nature.
Environmental Values 17: 41-65. https://doi.org/10.3197/
096327108X271941.

Mattijssen, T. J., W. Ganzevoort, R. J. van den Born, B. J. Arts, B.
C. Breman, A. E. Buijs, R. van Dam, B. Elands, et al. 2020.
Relational values of nature: Leverage points for nature policy in
Europe. Ecosystems and People 16: 402—410. https://doi.org/10.
1080/26395916.2020.1848926.

McGilchrist, 1. 2009. The master and his emissary: The divided brain
and the making of the western world. New Haven and London:
Yale University Press.

McKeever, N., A. Nezami, and D. Kourtis. 2024. The overview effect
and nature-relatedness. Frontiers in Virtual Reality. https://doi.
org/10.3389/frvir.2024.1196312.

McKibben, B. 2022. The End of Nature (revised and updated edition).
London: Penguin.

McLaren, D., and O. Corry. 2023. “Our way of life is not up for
negotiation!”: Climate interventions in the shadow of ‘societal
security. Global Studies Quarterly. https://doi.org/10.1093/
isagsq/ksad037.

Meadows, D. 1999. Leverage points: places to intervene in the
system. Sustainability Institute. 1-19.

Meadows, D. H. 2008. Thinking in Systems: A Primer. White River
Junction, VT: Chelsea Green.

Milkoreit, M., J. Hodbod, J. Baggio, K. Benessaiah, R. Calderdn-
Contreras, J. F. Donges, J.-D. Mathias, J. C. Rocha, et al. 2018.
Defining tipping points for social-ecological systems scholar-
ship: An interdisciplinary literature review. Environmental
Research Letters 13: 33005. https://doi.org/10.1088/1748-9326/
aaaa’s.

Moodie, G., and L. Wheelahan. 2025. Colleges as anchors of their
communities: Emergence and agglomeration. Journal of Voca-
tional Education and Training 77: 58-80. https://doi.org/10.
1080/13636820.2024.2427772.

Moula, Z., K. Palmer, and N. Walshe. 2022. A systematic review of
arts-based interventions delivered to children and young people
in nature or outdoor spaces: Impact on nature connectedness,
health and wellbeing. Frontiers in Psychology 13: 858781.
https://doi.org/10.3389/fpsyg.2022.858781.

@ Springer


https://www.ausairpower.net/PDF-A/Method-IWC6-05-Slides.pdf
https://www.ausairpower.net/PDF-A/Method-IWC6-05-Slides.pdf
https://doi.org/10.1002/pan3.70013
https://doi.org/10.1089/eco.2019.0038
https://doi.org/10.1089/eco.2019.0038
https://doi.org/10.1177/01650254221084103
https://doi.org/10.1038/nclimate2728
https://doi.org/10.1016/j.copsyc.2024.101984
https://doi.org/10.1016/j.copsyc.2024.101984
https://doi.org/10.3389/fpsyg.2021.763231
https://doi.org/10.3389/fpsyg.2021.763231
https://doi.org/10.1016/j.jenvp.2024.102491
https://doi.org/10.1016/j.landurbplan.2025.105362
https://doi.org/10.1080/02791072.2006.10399838
https://doi.org/10.1016/j.jenvp.2022.101863
https://doi.org/10.1016/j.jenvp.2022.101863
https://doi.org/10.1016/j.ins.2022.08.031
https://doi.org/10.1016/j.ins.2022.08.031
https://doi.org/10.1016/j.gloenvcha.2023.102792
https://doi.org/10.1016/j.gloenvcha.2023.102792
https://doi.org/10.1016/j.geoforum.2023.103825
https://doi.org/10.1016/j.geoforum.2023.103825
https://doi.org/10.1016/j.jenvp.2024.102428
https://doi.org/10.1371/journal.pone.0177186
https://doi.org/10.1371/journal.pone.0177186
https://doi.org/10.1177/0269881117748902
https://doi.org/10.1371/journal.pone.0309812
https://doi.org/10.1371/journal.pone.0309812
https://doi.org/10.1016/j.jenvp.2019.101323
https://doi.org/10.1016/j.jenvp.2019.101323
https://www.bera.ac.uk/publication/nature-connectedness-through-the-arts
https://www.bera.ac.uk/publication/nature-connectedness-through-the-arts
https://doi.org/10.1089/eco.2019.0071
https://doi.org/10.1007/BF03400792
https://doi.org/10.3197/096327108X271941
https://doi.org/10.3197/096327108X271941
https://doi.org/10.1080/26395916.2020.1848926
https://doi.org/10.1080/26395916.2020.1848926
https://doi.org/10.3389/frvir.2024.1196312
https://doi.org/10.3389/frvir.2024.1196312
https://doi.org/10.1093/isagsq/ksad037
https://doi.org/10.1093/isagsq/ksad037
https://doi.org/10.1088/1748-9326/aaaa75
https://doi.org/10.1088/1748-9326/aaaa75
https://doi.org/10.1080/13636820.2024.2427772
https://doi.org/10.1080/13636820.2024.2427772
https://doi.org/10.3389/fpsyg.2022.858781

Ambio

Moula, Z., N. Walshe, and E. Lee. 2023. “It was like I was not a
person, it was like I was the nature”: The impact of arts-in-
nature experiences on the wellbeing of children living in areas of
high deprivation. Journal of Environmental Psychology 90:
102072. https://doi.org/10.1016/j.jenvp.2023.102072.

Muhr, M. M. 2020. Beyond words: The potential of arts-based research
on human-nature connectedness. Ecosystems and People 16:
249-257. https://doi.org/10.1080/26395916.2020.1811379.

Niemeld, R., A. M. Laulumaa, A. K. Tupala, and K. J. Raatikainen.
2023. A detour in research through the gorge: Approaching
human-nature connections with site-specific performance.
Applied Theatre Research 11: 71-92. https://doi.org/10.1386/
atr_00077_1.

Nisbet, E., and J. Zelenski. 2013. The NR-6: a new brief measure of
nature relatedness. Frontiers in Psychology. https://doi.org/10.
3389/fpsyg.2013.00813.

Nisbet, E. K., J. M. Zelenski, and S. A. Murphy. 2009. The nature
relatedness scale: Linking individuals’ connection with nature to
environmental concern and behavior. Environment and Behavior
41: 715-740. https://doi.org/10.1177/0013916508318748.

Nisbet, E. K., J. M. Zelenski, and Z. Grandpierre. 2019. Mindfulness
in nature enhances connectedness and mood. Ecopsychology 11:
81-91. https://doi.org/10.1089/ec0.2018.0061.

Nour, M., L. Evans, D. Nutt, and R. Carhart-Harris. 2016. Ego-
dissolution and psychedelics: Validation of the ego-dissolution
inventory (EDI). Frontiers in Human Neuroscience. https://doi.
org/10.3389/fnhum.2016.00269.

Oliver, T. H. 2020. The Self Delusion: The Surprising Science of our
Connection to Each Other and the Natural World. London:
Weidenfeld and Nicolson.

Oliver, T. H., B. Doherty, A. Dornelles, N. Gilbert, M. P. Greenwell,
L. J. Harrison, I. M. Jones, Lewis, et al. 2022. A safe and just
operating space for human identity: A systems perspective. The
Lancet. Planetary Health 6: €919—927. https://doi.org/10.1016/
S$2542-5196(22)00217-0.

O’Neill, R. V. 1998. Recovery in complex ecosystems. Journal of
Agquatic Ecosystem Stress and Recovery 6: 181-187. https://doi.
org/10.1023/A:1009996332614.

Ortowski, P., J. Hobot, A. Ruban, J. Szczypinski, and M. Bola. 2024.
Naturalistic use of psychedelics does not modulate processing of
self-related stimuli (but it might modulate attentional mecha-
nisms): An event-related potentials study. Psychophysiology 61:
e14583. https://doi.org/10.1111/psyp.14583.

Pahnke, W. N. 1963. Drugs and Mysticism: An Analysis of the
Relationship between Psychedelic Drugs and the Mystical
Consciousness. Master’s Thesis, Harvard University, Cam-
bridge, MA.

Passmore, H. A., L. Martin, M. Richardson, M. White, A. Hunt, and
S. Pahl. 2021. Parental/guardians’ connection to nature better
predicts children’s nature connectedness than visits or area-level
characteristics. Ecopsychology 13: 103-113. https://doi.org/10.
1089/ec0.2020.0033.

Pearce, M. 2024. Embodied ecological awareness and the pedagogy
of Jacques Lecoq. Theatre, Dance and Performance Training 15:
375-394. https://doi.org/10.1080/19443927.2024.2376601.

Peirson, L. J., K. M. Boydell, H. B. Ferguson, and L. E. Ferris. 2011.
An ecological process model of systems change. American
Journal of Community Psychology 47: 307-321. https://doi.org/
10.1007/s10464-010-9405-y.

Picanco Rodrigues, V., M. Lawrence, and S. Janzwood. 2025. The
polycrisis is here, and system dynamics can help: a call to action.
System Dynamics Review. https://doi.org/10.1002/sdr.1796.

Pocock, M. J. O., I. Hamlin, J. Christelow, H. Passmore, and M.
Richardson. 2023. The benefits of citizen science and nature-
noticing activities for well-being, nature connectedness and pro-

@ Springer

nature conservation behaviours. People and Nature 5: 591-606.
https://doi.org/10.1002/pan3.10432.

Pritchard, A., M. Richardson, D. Sheffield, and K. McEwan. 2020.
The relationship between nature connectedness and eudaimonic
well-being: A meta-analysis. Journal of Happiness Studies 21:
1145-1167. https://doi.org/10.1007/s10902-019-00118-6.

Pyle, R. M. 2011. The Thunder Tree: Lessons from an Urban
Wildland. Oregon State University Press.

Raatikainen, K. J., K. Juhola, M. Huhmarniemi, and H. Pefia-Lagos.
2020. “Face the cow”: Reconnecting to nature and increasing
capacities for pro-environmental agency. Ecosystems and People
16: 273-289. https://doi.org/10.1080/26395916.2020.1817151.

Ramstetter, L., S. Rupprecht, L. Mundaca, W. Osika, C. U. Stenfors,
J. Klackl, and C. Wamsler. 2023. Fostering collective climate
action and leadership: insights from a pilot experiment involving
mindfulness and compassion. iScience. https://doi.org/10.1016/j.
is¢i.2023.106191.

Ramutsindela, M., S. Guyot, S. Boillat, F. Giraut, and P. Bottazzi.
2020. The geopolitics of protected areas. Geopolitics 25:
240-266. https://doi.org/10.1080/14650045.2019.1690413.

Reese, G., J. Stahlberg, and C. Menzel. 2022. Digital shinrin-yoku:
Do nature experiences in virtual reality reduce stress and
increase well-being as strongly as similar experiences in a
physical forest? Virtual Reality: THe Journal of the Virtual
Reality Society 26: 1245-1255. https://doi.org/10.1007/s10055-
022-00631-9.

Renowden, C., T. Beer, and L. Mata. 2022. Exploring integrated
ArtScience experiences to foster nature connectedness through
head, heart and hand. People and Nature 4: 519-533. https://doi.
org/10.1002/pan3.10301.

Restall, B., and E. Conrad. 2015. A literature review of connectedness
to nature and its potential for environmental management.
Journal of Environmental Management 159: 264-278. https://
doi.org/10.1016/j.jenvman.2015.05.022.

Richardson, M. 2023. Reconnection: Fixing Our Broken Relationship
with Nature. London: Pelagic Publishing.

Richardson, M. 2025. Modelling nature connectedness within envi-
ronmental systems: Human-nature relationships from 1800 to
2020 and beyond. Earth 6: 82. https://doi.org/10.3390/
earth6030082.

Richardson, M., and C. W. Butler. 2022. The Nature Connection
Handbook: A Guide for Increasing People’s Connection with
Nature. University of Derby. https:/findingnature.org.uk/wp-
content/uploads/2022/04/the-nature-connection-handbook.pdf

Richardson, M., and D. Sheffield. 2015. Reflective self-attention: A
more stable predictor of connection to nature than mindful
attention. Ecopsychology 7: 166-175. https://doi.org/10.1089/
€c0.2015.0010.

Richardson, M., J. Dobson, D. J. Abson, R. Lumber, A. Hunt, R.
Young, and B. Moorhouse. 2020a. Applying the pathways to
nature connectedness at a societal scale: A leverage points
perspective. Ecosystems and People 16: 387-401. https://doi.org/
10.1080/26395916.2020.1844296.

Richardson, M., H. A. Passmore, L. Barbett, R. Lumber, R. Thomas,
and A. Hunt. 2020b. The green care code: How nature
connectedness and simple activities help explain pro-nature
conservation behaviours. People and Nature 2: 821-839. https://
doi.org/10.1002/pan3.10117.

Richardson, M., I. Hamlin, L. R. Elliott, and M. P. White. 2022.
Country-level factors in a failing relationship with nature: Nature
connectedness as a key metric for a sustainable future. Ambio 51:
2201-2213. https://doi.org/10.1007/s13280-022-01744-w.

Riechers, M., W. Henkel, M. Engbers, and J. Fischer. 2019. Stories of
favourite places in public spaces: Emotional responses to
landscape change. Sustainability 11: 3851. https://doi.org/10.
3390/sul1143851.

www.kva.se/en


https://doi.org/10.1016/j.jenvp.2023.102072
https://doi.org/10.1080/26395916.2020.1811379
https://doi.org/10.1386/atr_00077_1
https://doi.org/10.1386/atr_00077_1
https://doi.org/10.3389/fpsyg.2013.00813
https://doi.org/10.3389/fpsyg.2013.00813
https://doi.org/10.1177/0013916508318748
https://doi.org/10.1089/eco.2018.0061
https://doi.org/10.3389/fnhum.2016.00269
https://doi.org/10.3389/fnhum.2016.00269
https://doi.org/10.1016/S2542-5196(22)00217-0
https://doi.org/10.1016/S2542-5196(22)00217-0
https://doi.org/10.1023/A:1009996332614
https://doi.org/10.1023/A:1009996332614
https://doi.org/10.1111/psyp.14583
https://doi.org/10.1089/eco.2020.0033
https://doi.org/10.1089/eco.2020.0033
https://doi.org/10.1080/19443927.2024.2376601
https://doi.org/10.1007/s10464-010-9405-y
https://doi.org/10.1007/s10464-010-9405-y
https://doi.org/10.1002/sdr.1796
https://doi.org/10.1002/pan3.10432
https://doi.org/10.1007/s10902-019-00118-6
https://doi.org/10.1080/26395916.2020.1817151
https://doi.org/10.1016/j.isci.2023.106191
https://doi.org/10.1016/j.isci.2023.106191
https://doi.org/10.1080/14650045.2019.1690413
https://doi.org/10.1007/s10055-022-00631-9
https://doi.org/10.1007/s10055-022-00631-9
https://doi.org/10.1002/pan3.10301
https://doi.org/10.1002/pan3.10301
https://doi.org/10.1016/j.jenvman.2015.05.022
https://doi.org/10.1016/j.jenvman.2015.05.022
https://doi.org/10.3390/earth6030082
https://doi.org/10.3390/earth6030082
https://findingnature.org.uk/wp-content/uploads/2022/04/the-nature-connection-handbook.pdf
https://findingnature.org.uk/wp-content/uploads/2022/04/the-nature-connection-handbook.pdf
https://doi.org/10.1089/eco.2015.0010
https://doi.org/10.1089/eco.2015.0010
https://doi.org/10.1080/26395916.2020.1844296
https://doi.org/10.1080/26395916.2020.1844296
https://doi.org/10.1002/pan3.10117
https://doi.org/10.1002/pan3.10117
https://doi.org/10.1007/s13280-022-01744-w
https://doi.org/10.3390/su11143851
https://doi.org/10.3390/su11143851

Ambio

Riechers, M., A. Balazsi, L. Betz, T. S. Jiren, and J. Fischer. 2020.
The erosion of relational values resulting from landscape
simplification. Landscape Ecology 35: 2601-2612. https://doi.
org/10.1007/s10980-020-01012-w.

Riechers, M., J. Loos, A. Balazsi, M. Garcia-Llorente, C. Bieling, A.
Burgos-Ayala, L. Chakroun, T. J. M. Mattijssen, et al. 2021a.
Key advantages of the leverage points perspective to shape
human-nature relations. Ecosystems and People 17: 205-214.
https://doi.org/10.1080/26395916.2021.1912829.

Riechers, M., A. Baldzsi, M. Garcia-Llorente, and J. Loos. 2021b.
Human-nature connectedness as leverage point. Ecosystems and
People 17: 215-221. https://doi.org/10.1080/26395916.2021.
1912830.

Rogerson, M., J. Barton, R. Bragg, and J. Pretty. 2017. The health and
wellbeing impacts of volunteering with the wildlife trusts.
Newark: The Wildlife Trusts. https://www.wildlifetrusts.org/
sites/default/files/2018-05/r3_the_health_and_wellbeing_
impacts_of_volunteering_with_the_wildlife_trusts_-_
university_of_essex_report_3_0.pdf

Rubifios, C., and J. M. Anderies. 2020. Integrating collapse theories to
understand socio-ecological systems resilience. Environmental
Research Letters 15: 75008. https://doi.org/10.1088/1748-9326/
ab7b9c.

Rudolph, J. W., and N. P. Repenning. 2002. Disaster dynamics:
Understanding the role of quantity in organizational collapse.
Administrative Science Quarterly 47: 1-30. https://doi.org/10.
2307/3094889.

Schlosser, C. A., C. Frankenfeld, S. Eastham, X. Gao, A. Gurgel, A.
McCluskey, J. Morris, S. Orzach, et al. 2023. Assessing
compounding risks across multiple systems and sectors: a
socio-environmental systems risk-triage approach. Frontiers in
Climate. https://doi.org/10.3389/fclim.2023.1100600.

Schultz, W. P. 2002. Inclusion with nature: the psychology of human-
nature relations. In Psychology of Sustainable Development, ed.
P. Schmuck and W. P. Schultz, 61-78. Boston: Springer. https://
doi.org/10.1007/978-1-4615-0995-0_4.

Schutte, N. S., and J. M. Malouff. 2018. Mindfulness and connect-
edness to nature: A meta-analytic investigation. Personality and
Individual Differences 127: 10-14. https://doi.org/10.1016/].
paid.2018.01.034.

Seed, J., J. Macy, P. Fleming, and A. Ness. 1988. Thinking Like a
Mountain: Towards a Council of All Beings. London: Heretic.

Selinske, M. J., L. Harrison, and B. A. Simmons. 2023. Examining
connection to nature at multiple scales provides insights for
urban conservation. Biological Conservation 280: 109984.
https://doi.org/10.1016/j.biocon.2023.109984.

Shanahan, D. F., T. Astell-Burt, E. A. Barber, E. Brymer, D. T. Cox,
J. Dean, M. Depledge, R. A. Fuller, et al. 2019. Nature—based
interventions for improving health and wellbeing: The purpose,
the people and the outcomes. Sports 7: 141. https://doi.org/10.
3390/sports7060141.

Sheffield, D., C. W. Butler, and M. Richardson. 2022. Improving
nature connectedness in adults: A meta-analysis, review and
agenda. Sustainability 14: 12494. https://doi.org/10.3390/
sul41912494.

Silva, A., M. Matos, and M. Gongalves. 2024. Nature and human
well-being: A systematic review of empirical evidence from
nature-based interventions. Journal of Environmental Planning
and Management 67: 3397-3454. https://doi.org/10.1080/
09640568.2023.2227761.

Simonsson, O., P. S. Hendricks, R. Chambers, W. Osika, and S.
B. Goldberg. 2023. Prevalence and associations of challenging,
difficult or distressing experiences using classic psychedelics.
Journal of Affective Disorders 326: 105-110. https://doi.org/10.
1016/j.jad.2023.01.073.

www.kva.se/en

Simonsson, O., S. Goldberg, R. Chambers, et al. 2025. Psychedelic
use and psychiatric risks. Psychopharmacology (Berl) 242:
1577-1583. https://doi.org/10.1007/s00213-023-06478-5.

Smits, P., and S. Finnegan. 2019. How predictable is extinction?
Forecasting species survival at million-year timescales. Philo-
sophical Transactions of the Royal Society of London Series B
Biological Sciences 374: 20190392. https://doi.org/10.1098/rstb.
2019.0392.

Soga, M., and K. J. Gaston. 2023. Global synthesis reveals
heterogeneous changes in connection of humans to nature. One
Earth. 6: 131-138. https://doi.org/10.1016/j.oneear.2023.01.007.

Soga, M., and K. J. Gaston. 2024. Do people who experience more
nature act more to protect it? A meta-analysis. Biological
Conservation 289: 110417. https://doi.org/10.1016/j.biocon.
2023.110417.

Soga, M., and K. J. Gaston. 2025. Cross-country variation in people’s
connection to nature. One Earth 8: 1-9. https://doi.org/10.1016/j.
oneear.2025.101194.

Spaling, H. 1994. Cumulative effects assessment: Concepts and
principles. Impact Assessment Bulletin 12: 231-251. https://doi.
org/10.1080/07349165.1994.9725865.

Spano, G., E. Ricciardi, A. Theodorou, V. Giannico, A. O. Caffo, A.
Bosco, G. Sanesi, and A. Panno. 2023. Objective greenness,
connectedness to nature and sunlight levels towards perceived
restorativeness in urban nature. Scientific Reports 13: 18192.
https://doi.org/10.1038/s41598-023-45604-3.

Speller, G. M., and C. L. Twigger-Ross. 2009. Cultural and social
disconnection in the context of a changed physical environment.
Geografiska Annaler: Series B, Human Geography 91: 355-369.
https://doi.org/10.1111/j.1468-0467.2009.00327 .x.

Spiller, M. 2024. Designing for human-nature connectedness: A case
study of the Barefoot Path Spalt, Germany. Journal of Outdoor
Recreation and Tourism 48: 100827. https://doi.org/10.1016/j.
jort.2024.100827.

Spors, V., S. Laato, O. O. Buruk, and J. Hamari. 2023. Longing to be
the mountain: A scoping review about nature-centric, health-
minded technologies. Proceedings of the 2023 CHI Conference
on Human Factors in Computing Systems, 1-16. https://doi.org/
10.1145/3544548.3581479

Stinus, C., R. Shankland, and S. Berjot. 2024. Connectedness to
humanity and connectedness to nature as a leverage point for eco
and socio-responsible consumption. Current Psychology 43:
30429-30445. https://doi.org/10.1007/s12144-024-06621-1.

Strand, R., Z. Kovacic, S. Funtowicz, L. Benini, and A. Jesus. 2022.
Exiting the anthropocene? Exploring fundamental change in our
relationship with nature. European Environment Agency Brief-
ing. https://doi.org/10.2800/266535.

Studerus, E., M. Kometer, F. Hasler, and F. X. Vollenweider. 2011.
Acute, subacute and long-term subjective effects of psilocybin in
healthy humans: A pooled analysis of experimental studies.
Journal of Psychopharmacology 25: 1434—1452. https://doi.org/
10.1177/0269881110382466.

Taylor, H. 2024. Field recordings as invitation and transportation.
Continuum 38: 24-36. https://doi.org/10.1080/10304312.2023.
2234112.

Tran, D., and K. Hanacek. 2023. A global analysis of violence against
women defenders in environmental conflicts. Nature Sustain-
ability 6:  1045-1053. https://doi.org/10.1038/s41893-023-
01126-4.

Tribot, A.-S., D. Faget, T. Richard, and T. Changeux. 2022. The role
of pre-19th century art in conservation biology: An untapped
potential for connecting with nature. Biological Conservation
276: 109791. https://doi.org/10.1016/j.biocon.2022.109791.

Twohig-Bennett, C., and A. Jones. 2018. The health benefits of the
great outdoors: A systematic review and meta-analysis of
greenspace exposure and health outcomes. Environmental

@ Springer


https://doi.org/10.1007/s10980-020-01012-w
https://doi.org/10.1007/s10980-020-01012-w
https://doi.org/10.1080/26395916.2021.1912829
https://doi.org/10.1080/26395916.2021.1912830
https://doi.org/10.1080/26395916.2021.1912830
https://www.wildlifetrusts.org/sites/default/files/2018-05/r3_the_health_and_wellbeing_impacts_of_volunteering_with_the_wildlife_trusts_-_university_of_essex_report_3_0.pdf
https://www.wildlifetrusts.org/sites/default/files/2018-05/r3_the_health_and_wellbeing_impacts_of_volunteering_with_the_wildlife_trusts_-_university_of_essex_report_3_0.pdf
https://www.wildlifetrusts.org/sites/default/files/2018-05/r3_the_health_and_wellbeing_impacts_of_volunteering_with_the_wildlife_trusts_-_university_of_essex_report_3_0.pdf
https://www.wildlifetrusts.org/sites/default/files/2018-05/r3_the_health_and_wellbeing_impacts_of_volunteering_with_the_wildlife_trusts_-_university_of_essex_report_3_0.pdf
https://doi.org/10.1088/1748-9326/ab7b9c
https://doi.org/10.1088/1748-9326/ab7b9c
https://doi.org/10.2307/3094889
https://doi.org/10.2307/3094889
https://doi.org/10.3389/fclim.2023.1100600
https://doi.org/10.1007/978-1-4615-0995-0_4
https://doi.org/10.1007/978-1-4615-0995-0_4
https://doi.org/10.1016/j.paid.2018.01.034
https://doi.org/10.1016/j.paid.2018.01.034
https://doi.org/10.1016/j.biocon.2023.109984
https://doi.org/10.3390/sports7060141
https://doi.org/10.3390/sports7060141
https://doi.org/10.3390/su141912494
https://doi.org/10.3390/su141912494
https://doi.org/10.1080/09640568.2023.2227761
https://doi.org/10.1080/09640568.2023.2227761
https://doi.org/10.1016/j.jad.2023.01.073
https://doi.org/10.1016/j.jad.2023.01.073
https://doi.org/10.1007/s00213-023-06478-5
https://doi.org/10.1098/rstb.2019.0392
https://doi.org/10.1098/rstb.2019.0392
https://doi.org/10.1016/j.oneear.2023.01.007
https://doi.org/10.1016/j.biocon.2023.110417
https://doi.org/10.1016/j.biocon.2023.110417
https://doi.org/10.1016/j.oneear.2025.101194
https://doi.org/10.1016/j.oneear.2025.101194
https://doi.org/10.1080/07349165.1994.9725865
https://doi.org/10.1080/07349165.1994.9725865
https://doi.org/10.1038/s41598-023-45604-3
https://doi.org/10.1111/j.1468-0467.2009.00327.x
https://doi.org/10.1016/j.jort.2024.100827
https://doi.org/10.1016/j.jort.2024.100827
https://doi.org/10.1145/3544548.3581479
https://doi.org/10.1145/3544548.3581479
https://doi.org/10.1007/s12144-024-06621-1
https://doi.org/10.2800/266535
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1080/10304312.2023.2234112
https://doi.org/10.1080/10304312.2023.2234112
https://doi.org/10.1038/s41893-023-01126-4
https://doi.org/10.1038/s41893-023-01126-4
https://doi.org/10.1016/j.biocon.2022.109791

Ambio

Research 166: 628-637. https://doi.org/10.1016/j.envres.2018.
06.030.

UNDP. 2020. Human Development Report 2020: The Next Frontier -
Human Development and the Anthropocene. https://doi.org/10.
1080/00139157.2021.1898908.

van Elk, M., and E. 1. Fried. 2023. History repeating: guidelines to
address common problems in psychedelic science. Therapeutic
Advances in Psychopharmacology. https://doi.org/10.1177/
20451253231198466.

van Ginkel, K. C., M. Haasnoot, and W. W. Botzen. 2022. A stepwise
approach for identifying climate change induced socio-economic
tipping points. Climate Risk Management 37: 100445. https://
doi.org/10.1016/j.crm.2022.100445.

van Rompay, T. J., S. Oran, M. Galetzka, and A. E. van den Berg.
2023. Lose yourself: Spacious nature and the connected self.
Journal of Environmental Psychology 91: 102108. https://doi.
org/10.1016/j.jenvp.2023.102108.

van Zomeren, M., T. Postmes, and R. Spears. 2008. Toward an
integrative social identity model of collective action: A quan-
titative research synthesis of three socio-psychological perspec-
tives. Psychological Bulletin 134: 504. https://doi.org/10.1037/
0033-2909.134.4.504.

Vici¢, J., and R. Harknett. 2024. Identification-imitation-amplifica-
tion: Understanding divisive influence campaigns through
cyberspace. Intelligence and National Security 39: 8§97-914.
https://doi.org/10.1080/02684527.2023.2300933.

Wamsler, C., and E. Brink. 2018. Mindsets for sustainability:
Exploring the link between mindfulness and sustainable climate
adaptation. Ecological Economics 151: 55-61. https://doi.org/10.
1016/j.ecolecon.2018.04.029.

Wang, Z., N. Cui, C. Hung, S. Li, and F. Dong. 2025. A 150-year
avian extinction debt forewarns a global species crisis and
highlights conservation opportunities. Conservation Letters.
https://doi.org/10.1111/conl.13078.

Watts, R., C. Day, J. Krzanowski, D. Nutt, and R. Carhart-Harris.
2017. Patients’ accounts of increased “connectedness” and
“acceptance” after psilocybin for treatment-resistant depression.
The Journal of Humanistic Psychology 57: 520-564. https://doi.
org/10.1177/0022167817709585.

White, L. 1967. The historical roots of our ecologic crisis. Science
155: 1203-1207. https://doi.org/10.1126/science.155.3767.1203.

Wiens, J. J., and J. Zelinka. 2024. How many species will Earth lose
to climate change? Global Change Biology 30: el17125. https://
doi.org/10.1111/geb.17125.

Willcock, S., G. S. Cooper, J. Addy, and J. A. Dearing. 2023. Earlier
collapse of Anthropocene ecosystems driven by multiple faster
and noisier drivers. Nature Sustainability 6: 1331-1342. https://
doi.org/10.1038/s41893-023-01157-x.

Withagen, R., J. van der Kamp, and C. T. Woods. 2025. Conceptu-
alizing the environment in a time of ecological collapse.
Ecological Psychology 37: 83-92. https://doi.org/10.1080/
10407413.2024.2397764.

Wolsko, C., and K. Lindberg. 2013. Experiencing connection with
nature: The matrix of psychological well-being, mindfulness,
and outdoor recreation. Ecopsychology 5: 80-91. https://doi.org/
10.1089/ec0.2013.0008.

WWE. 2024. Living Planet Report 2024: A system in peril. WWF,
Gland, Switzerland. https://wwflpr.awsassets.panda.org/
downloads/2024-living-planet-report-a-system-in-peril.pdf.

Yaman, D., and S. Polat. 2009. A fuzzy cognitive map approach for
effect-based operations: An illustrative case. Information
Sciences 179: 382-403. https://doi.org/10.1016/j.ins.2008.10.
013.

@ Springer

Zscheischler, J. 2024. Compound events in the coupled climate and
socio-ecological system. iScience 27: 1-3. https://doi.org/10.
1016/j.is¢i.2024.110805.

Zscheischler, J., S. Westra, B. J. van den Hurk, S. I. Seneviratne, P.
J. Ward, A. Pitman, A. Aghakouchak, D. N. Bresch, et al. 2018.
Future climate risk from compound events. Nature Climate
Change 8: 469-477. https://doi.org/10.1038/s41558-018-0156-3.

Zurell, D., S. A. Fritz, A. Ronnfeldt, and M. J. Steinbauer. 2023.
Predicting extinctions with species distribution models. Cam-
bridge Prisms: Extinction 1: e8. https://doi.org/10.1017/ext.
2023.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

AUTHOR BIOGRAPHIES

Matt Pritchard (D<) is a Senior Research Associate at the
University of Reading and a Policy Fellow at the University of
Cambridge. His research interests include nature connectedness,
nature-centric governance and multispecies collective intelligence.
Address: School of Biological Sciences, Health and Life Sciences
Building, University of Reading, Whiteknights Campus, Reading
RG6 6AS, UK.

e-mail: m.c.pritchard @reading.ac.uk

Philip Tovey is a Visiting Research Fellow at the University of
Reading and the Director of Nature-Centric Approaches at the
Accelerator for Systemic Risk Assessments (ASRA). His research
interests include nature connectedness, compounding psychological
effects and eco-phenomenology.

Address: School of Biological Sciences, Health and Life Sciences
Building, University of Reading, Whiteknights Campus, Reading
RG6 6AS, UK.

Address: Director of Nature-Centric Approaches, Accelerator for
Systemic Risk Assessments (ASRA), London, UK.

e-mail: p.tovey @reading.ac.uk

Phoebe Tickell is a Visiting Research Fellow at the University of
Reading and the Founder and Executive Director of Moral Imagina-
tions. Her research interests include nature connectedness, nature-
centric governance and imagination activism.

Address: School of Biological Sciences, Health and Life Sciences
Building, University of Reading, Whiteknights Campus, Reading
RG6 6AS, UK.

Address: Founder and Executive Director, Moral Imaginations,
London, UK.

e-mail: p.tickell@reading.ac.uk

Tom H. Oliver is Professor of Applied Ecology and Associate Pro-
Vice-Chancellor for Research (Environment) at the University of
Reading. His research interests include nature connectedness, nature-
centric governance, quantifying impacts of land use and climate
change on wildlife, biodiversity change and the resilience of
ecosystem functions, and socioecological systems and environmental
risk.

Address: School of Biological Sciences, Health and Life Sciences
Building, University of Reading, Whiteknights Campus, Reading
RG6 6AS, UK.

e-mail: t.oliver@reading.ac.uk

www.kva.se/en


https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1080/00139157.2021.1898908
https://doi.org/10.1080/00139157.2021.1898908
https://doi.org/10.1177/20451253231198466
https://doi.org/10.1177/20451253231198466
https://doi.org/10.1016/j.crm.2022.100445
https://doi.org/10.1016/j.crm.2022.100445
https://doi.org/10.1016/j.jenvp.2023.102108
https://doi.org/10.1016/j.jenvp.2023.102108
https://doi.org/10.1037/0033-2909.134.4.504
https://doi.org/10.1037/0033-2909.134.4.504
https://doi.org/10.1080/02684527.2023.2300933
https://doi.org/10.1016/j.ecolecon.2018.04.029
https://doi.org/10.1016/j.ecolecon.2018.04.029
https://doi.org/10.1111/conl.13078
https://doi.org/10.1177/0022167817709585
https://doi.org/10.1177/0022167817709585
https://doi.org/10.1126/science.155.3767.1203
https://doi.org/10.1111/gcb.17125
https://doi.org/10.1111/gcb.17125
https://doi.org/10.1038/s41893-023-01157-x
https://doi.org/10.1038/s41893-023-01157-x
https://doi.org/10.1080/10407413.2024.2397764
https://doi.org/10.1080/10407413.2024.2397764
https://doi.org/10.1089/eco.2013.0008
https://doi.org/10.1089/eco.2013.0008
https://wwflpr.awsassets.panda.org/downloads/2024-living-planet-report-a-system-in-peril.pdf
https://wwflpr.awsassets.panda.org/downloads/2024-living-planet-report-a-system-in-peril.pdf
https://doi.org/10.1016/j.ins.2008.10.013
https://doi.org/10.1016/j.ins.2008.10.013
https://doi.org/10.1016/j.isci.2024.110805
https://doi.org/10.1016/j.isci.2024.110805
https://doi.org/10.1038/s41558-018-0156-3
https://doi.org/10.1017/ext.2023
https://doi.org/10.1017/ext.2023

	Catalysing transformational change through compound nature connectedness interventions
	Abstract
	Introduction: Nature connectedness in an era of polycrisis
	An attentional framework for nature connectedness interventions
	Potential for compound nature connectedness effects
	Evidence on effectiveness of interventions
	Nature experiences
	Augmented and virtual reality
	Mindfulness
	Meditation
	Psychedelics
	The arts
	Media

	Understanding compound effects
	Achieving compound effects in nature connectedness
	Step 1: Target susceptible nodes
	Step 2: Assess and prevent counter-response
	Step 3. Deliver successive and diverse interventions at speed and scale

	Conclusion
	Funding
	Open Access
	References


