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Abstract: Current climate and environmental changes have brought unprecedented rates of change to
mountain ecosystems. These changes are impacting the provisioning of ecosystem services. Despite the
increase in academic publications on ecosystem services, research on cultural ecosystem services (CES)
and their availability in mountain regions has largely been neglected. Here we analyse how important
different CES are for inhabitants and visitors in the Lower Engadine region (Switzerland). We use
questionnaires and maps to identify the most important CES for individual and collective wellbeing
as well as their geographical location in the region. We had 48 participants in this study of which
28 grew up in the Lower Engadine. Our results show that the most important (i.e., ‘Highly important’)
CES are: ‘The view of mountains, rivers or glaciers’; the presence of plants typical for the region, for
example Fire Lily and Edelweiss (i.e., Lilium bulbiliferum subsp. croceum, Edelweiss-Leontopodium alpinum);
‘Hiking’; ‘Local customs’; ‘Watching large mammals’; and the importance of ‘Terraces for traditional
Agriculture activities’. Results from the spatial analysis show that identical geographical locations in the
Lower Engadine provide multiple CES and bring health benefits to the users.

Keywords: mountain regions; climate change; environmental change; cultural ecosystem services;
human wellbeing

1. Introduction

Recent human activities and their impact on the environment and climate have brought
us out of the Holocene into the Anthropocene Epoch [1,2]. Rapid changes in our climate
and environment cause ecosystems in mountain regions to change at an unprecedented rate,
with direct drivers such as land use change, species exploitation, climate change, pollution,
and alien species invasions [3–5]. Recent climate change is placing high mountain regions
and their ecosystems at particular risk due to reductions in the temperature vertical gradient
and a potentially decreased cooling effect of aerosols [6]. Local communities in mountain
areas are closely connected to nature and have a lower adaptive capacity, and they are
particularly vulnerable to climate change [7]. Nonetheless, indirect drivers of environmental
change, such as demographic, economic, and institutional change, armed conflicts, and
epidemics, are also impacting mountain areas by underpinning changes of cultural and
societal values [3,5]. Furthermore, these indirect drivers, such as political conflicts and other
societal limitations can intensify distance to (food) markets, inaccessibility to town facilities
and infrastructure or clean water, and healthcare [8–10]. In the past 50 years, mountain regions
have experienced significant land use change and land intensification increase (i.e., intensified
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agriculture) [11,12]. This has altered the loss of biodiversity and played a key role in ecosystem
change, which has, in turn, affected the delivery of ecosystem services [13].

Ecosystem services (ES) can be defined as compounds of nature that are directly
enjoyed, consumed, or used to maintain or enhance a good quality of life and human
wellbeing [14–16]. ES can be divided into four categories: (a) provisioning (e.g., timber,
fuelwood, freshwater, agriculture, and mountain pastoralism); (b) regulating (e.g., the
local climate and microclimate, carbon sequestration and storage, and protection from and
moderation of extreme events—landslides, erosion and other geomorphological processes);
(c) supporting (e.g., providing a habitat for many species, serving as climate change refugia,
and preserving the world’s genetic diversity); and (d) cultural (e.g., aesthetic, spiritual or
recreational benefits, and stewardship of nature) (MEA 2005). It is known that, historically,
the livelihoods of local populations in the mountains highly depended on provisioning ser-
vices visible through pastoralism, traditional agriculture or hunting [5,17,18]; hence, some
ecosystem services, such as provisioning and regulating were more often assessed [19,20].

Mountain landscapes across the globe also offer attractive ecosystems and landscapes
bringing us closer to a sense of place and peace, local community and individual identity,
spiritual values, processes of healing and connectedness with nature [21], and, therefore,
attention has recently shifted towards cultural ecosystem services (CES) [17].

It has been known that non-material services (i.e., CES) contribute to our physical and
mental wellbeing [22,23] through their aesthetic, recreational, educational, cultural, and spiri-
tual aspects of human experience. Still, there is a lack of scientific research on CES in mountain
regions in terms of their spatial and temporal distribution [12,17,24]. Since approximately
20% of the world’s population lives in mountain regions and many tourists visit them, it
is essential to understand the availability and demands for CES and their relationship to
our wellbeing [17,24]. For example, Tugjamba et al. [25] investigated the importance of CES
for Mongolian nomadic herders in the Khentii mountain range and found out that heritage,
cultural sites, and aesthetic values of the mountains were associated with spirituality, in partic-
ular, Shamanic and Buddhist practices important for wellbeing. Recently, Schirpke et al. [21]
mapped an essential symbolic species in the European Alps that is an essential part of the
cultural identity of several nations living in this mountain range. Another study investigated
the importance of CES for Utawallu indigenous people in the Andes and how their biocultural
heritage could be used for conservation purposes [26]. It is known that the loss of cultural
identity in relation to the impacts of environmental and climate change can pose significant
challenges for our wellbeing (both physical and mental), and this has been related to a concept
known as ‘Ecological grief’ [27–29]. Furthermore, Schirpke et al. [30] have investigated the
importance of CES linked to mountain lakes in the Alps and their relation to our wellbe-
ing, and found out that aesthetic and spiritual values and education are the most important.
Another study, from the Mt. Kilimanjaro region, has shown hiking (i.e., a recreational CES)
to be important in recovery processes for cancer patients, giving them a sense of personal
strength, closure, and control [31]. Similarly, veterans who participated in the same endeavour
experienced self-determination and inner strength and more active coping with stress and
social support [32]. The evaluation of CES in mountain regions could also help us to better
understand complex relationships between humans and nature [14,17,23,33]. Still, very little
emphasis has so far been placed on how CES impact human wellbeing. There have been
only a few studies looking at both physical and mental wellbeing, which is surprising as CES
contribute to both [14,34].

Therefore, we hope that this study contributes towards a better understanding of which
CES are in the highest demand, and what is their availability in the Lower Engadine, and how
these services are important for wellbeing. The novelty of this research is that, to the best of our
knowledge, this is the first study that has investigated the demand for CES and their spatial
distribution in the Lower Engadine. This can lead towards accurate and just conservation
policies that will aim to preserve local knowledge and enhance stewardship of nature in order
to safeguard the wellbeing of inhabitants and visitors in this region [35,36]. Although, this study
does not aim to show a direct causal link between wellbeing and CES in the Lower Engadine
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region, we do aim to show different pathways of those connections. As empirical research on
CES in the Lower Engadine is still lacking, we are aiming to answer the following questions:
(1) What is the demand for, and the importance of, different CES in the Lower Engadine and
their relation to human wellbeing? (2) What are the hotspots of different CES in the region?

2. Study Area

Our research area was the Lower Engadine, the easternmost part of Switzerland
in the canton of Grisons. It is the largest canton in Switzerland, covering an area of
7105.2 square kilometres (Figure 1). The canton has international borders with Italy, Aus-
tria, and Liechtenstein. Its southern part is formed by the upper reaches of the Inn River,
after which the Engadine is named. The Lower Engadine is climatically classified as an
inner-Alpine dry valley. Considering recent climate change, mountain ecosystems are
prone to glacier melting, avalanches, changes in hydrological systems, soil erosion, land-
slides, and the rapid loss of habitat and genetic diversity [37]. Switzerland’s only official
National Park is situated in the southwestern part of the Lower Engadine. The Lower
Engadine has approximately 7000 inhabitants. The main economic sectors of Grisons
are the primary sector, including agriculture, forestry and Alpine transhumance pastoral-
ism, and the tertiary sector, specifically tourism. The Lower Engadine has a long history
of pastoralism and agriculture that goes back into prehistoric times [38–42]. Over time,
a highly sophisticated vertical system of seasonal resource use developed, which com-
bined agriculture in the valleys with the use of mountain pastures [39]. Visible traces
are features such as irrigation channels, ancient tracks and paths, hay hauls, and—most
strikingly—agricultural terraces (now used as meadows) on the northern slope of the Inn
valley, which are much better preserved than in other inner-Alpine valleys [42]. Local in-
habitants often say that the Lower Engadine is a best-kept secret with a distinctive Romansh
culture that is deeply imbedded in the cultural identity of its inhabitants.
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3. Methods

This research is based on an evaluation of different CES in the Lower Engadine
using Millennium Ecosystem Assessment CES categories as a baseline [15]. Here we
use a mixed-methods research approach; both qualitative and quantitative. Firstly, prior
to the start of our research and fieldwork, in 2017 we gave a presentation in Ramosch
explaining this project to the local community. We used this communal gathering to design
the questionnaire together with members of the local community in order to assess the
importance of CES in terms of individual and community wellbeing. In the questionnaire,
we used both closed and open questions. Closed questions were designed based on the
selection of pre-determined response options (i.e., Likert scale questions) being classified
as “Unimportant”, assigned as 1, to “Very important”, assigned as 5. Originally, the
questionnaire was designed in German (i.e., the Lower Engadine region is a German
and Romansch speaking area), and afterwards translated into English. To obtain data on
geographical locations that are linked to CES, we asked participants to mark on the map or
to name the geographical location of places where they find a given service most enjoyable.
This survey included both local inhabitants and visitors.

Data were collected by circulation of both an online and a paper version of the ques-
tionnaire, plus printed maps of the region. Paper questionnaires were distributed in Scuol,
Ramosch, Tschlin, Tarasp, and Vnà in August 2017. Snowball sampling was used in order
to reach a higher number of participants. In addition to paper-based questionnaires, we
also distributed online questionnaires with sub-questions where participants could refer
each particular CES to geographical locations. Online questionnaires were sent out in
2018 and remained open until the end of that year. Secondly, after gathering the results,
we conducted descriptive statistics. Furthermore, we used machine learning, specifically
k-means clustering, to explore the spatial distribution. K-means clustering was selected due
to its effectiveness in identifying inherent patterns and simplifying complexity within our
dataset. This method is particularly adept at revealing natural groupings among the studied
variables, providing clear insights into the underlying structure of the data [43]. K-means
clustering was preferred for its computational efficiency and ease of interpretation [44].
To understand whether there is any correlation between different CES, we applied the
Spearman correlation test, which is known to be a robust method for ordinal data [34,45,46].
To undertake exploratory spatial analysis, geographical locations of different CES were
georeferenced in ArcGIS (released version 10.8.2).

4. Results

In total we obtained 48 responses, including both paper and online questionnaires.
In terms of social and cultural variables, we had 23 females and 25 males, and therefore
gender representation was quite homogeneous (Figure 2). In terms of age groups, the
highest representations were of people aged between 17–36 (31%) and 37–52 (29%). The
lowest representation was of the youngest generation, aged 1–16 (4%), followed by the
oldest age group 72–90 (9%) (Figure 2). Participants in the oldest group were all males. In
terms of the respondents’ residency status, 41 had lived in the Lower Engadine for more
than six months. Out of the 48 participants in this survey, 28 had grown up in the region.

Respondents in this study answered questions regarding different CES, valuing them
on a scale from unimportant to highly important (Unimportant = 1; Less important = 2;
Draw = 3; Important = 4; Highly important = 5).

The CES with the highest frequency (F = 32) of ‘Highly important’ service was ‘The
view of mountains, rivers or glaciers’. The second highest important CES was the presence
of plants typical for the region, for example Fire Lily and Edelweiss (i.e., Lilium bulbiliferum
subsp. croceum, Edelweiss-Leontopodium alpinum) (F = 30). ‘Highly important = 5’ services that
follow are related to ‘Hiking’ (F = 24); ‘Local customs’ (F = 23); ‘Watching large mammals’
(F = 21) and the importance of ‘Terraces for traditional Agriculture activities’ (F = 20). The
less important or unimportant services were ‘Fishing’ (F = 28) and ‘Hunting’ (28); followed
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by ‘Kayaking/rafting’ (F = 27); ‘Designing sculptures’ (F = 26); ‘Composing music’ (F = 25);
‘Writing poems’ (F = 23); and ‘Camping’ (F = 22).
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If we split these results by demographics, for the oldest generation the ‘Highly impor-
tant service = 5’ was ‘Looking for flowers’, which received a 100% response rate. Another
‘Highly important = 5’ service for the elderly generation was ‘Refreshes my mind’, an-
swered with a 75% rate. Equally important was ‘Learning about archaeology and/or
history’, ‘Climate change and recent landscape changes’ (e.g., decline in glaciers, debris
flow, rockfalls, etc.). Furthermore, ‘Terraces’ and ‘Talking to neighbours’ were highly im-
portant for 50% of the respondents in this group. The service ‘Visiting museums’ was
rated as ‘important = 4’ for 75% of the elderly group. In the least important category
(i.e., Unimportant = 1), the elderly group responded with 100% for ‘Fishing’, ‘Kayak-
ing/rafting’ and ‘Hunting’. This was followed by a 75% response rate for ‘Biking’, ‘Collect-
ing mushrooms/berries’, and ‘Composing music’.

For the middle-aged group ‘Highly important = 5’ CES were ‘Local customs’ and ‘Typi-
cal plants (e.g., Fire Lily = Lilium bulbiliferum subsp. croceum and Edelweiss = Leontopodium
alpinum) with both accounting for 64% of respondents in this age group. For CES that are
‘Important = 4’, the highest response rate was received for ‘Talking to neighbours’ (73%),
’Cooking’ (64%), ‘Hiking’, ‘Refreshes my mind’, ‘Let me distance myself from modern
comfort’, ‘Traditional clothing/costume’, ‘To live and enjoy on campsites or in huts’, and
‘Biking’ (all with 55% of respondents).
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The youngest generation found the ‘Highly important service = 5’ to be ‘Watching big
mammals’, ‘Determining plants’, ‘Bird watching’, ‘Watching the night sky’, ‘Cooking’,
‘Fishing’, ‘Hunting’, and ‘Skiing’, all with a 50% response rate. For the same age group,
‘Important services = 4’ replied with a 100% rate were: ‘Visiting restaurants/enjoying local
food in the region’, ‘Swimming’, and ‘To live and enjoy on campsites or in huts’. ‘Important
= 4’ services assigned by 50% of the youngest generation were ‘Biking’, ‘Kayaking and
rafting’, ‘Ski touring/cross-country skiing’, and ‘Free climbing‘. Interestingly, ‘Talking to
neighbours’ is equally important for the youngest and the oldest generations of participants
in this study. Furthermore, 50% of the participants in the youngest age group answered
that it is highly important for them how the Lower Engadine helps to ‘Understand my
family’s culture and history’, whereas participants in other age groups did not attribute a
high importance to this question.

Regarding gender, the most important service (i.e., ‘Highly important = 5’) for both
women and men was ‘The view of mountains, rivers or glaciers’ with 61% and 75% response
rates. An interesting result was that for men, the service ‘Climate change and recent
landscape changes (e.g., decline in glaciers, debris flow, rockfalls, etc.)’, had a response
rate of 64% that was much higher than for women (35%). The second service in the rank
of importance (i.e., ‘Important = 4’) was ‘Talking to neighbours’ for women and men with
70% and 60% response rates, respectively. The most unimportant CES for the two gender
groups was ‘Hunting’ and ‘Fishing’, with similar response rates of 61% for women and
56% for men. The frequency distribution figure by gender to different CES is provided in
the Supplementary Materials.

The Spearman’s Rho correlation test between age and CES shows the highest positive,
statistically significant correlation (p < 0.405) to a 0.01 significance level, for the service
‘Looking for flowers’ (Table 1). Although correlation tests cannot tell us what specific
age group was statistically significant to a particular CES, we know from the correlation
matrix that the oldest age group (72–90) in this survey consider ‘Looking for flowers’ the
most important service, responding with a 100% rate. The K-means clustering enabled
us to draw more nuanced conclusions about the relationships between different CES and
demographic variables. The highest negative correlation was for ‘Taking part in guided
hikes’ (e.g., National Park) (p < −0.476; Table 1 and Figure 3).

Table 1. Spearman’s Rho correlation between CES and age.

CES Spearman’s Rho ‘Age’ Correlation Coefficient

Looking for flowers 0.405 **

Reading and/or writing 0.397 **

Skiing −0.379 **

Swimming −0.434 **

Kayaking/Rafting −0.381 **

Biking −0.469 **

Sun bathing −0.295 *

Fishing −0.327 *

Taking part in guided hikes (e.g., national park) −0.476 **

** Correlation is significant at 0.01 level (two-tailed). * Correlation is significant at 0.05 level (two-tailed).
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Figure 3. Spearman’s Rho correlation matrix.

Spearman’s Rho correlation between different CES and the participants who grew up
in the Lower Engadine (or were just visitors) showed the highest positive correlation for the
service ‘Let me distance myself from modern comfort’ (p < 0.307). The highest statistically
negative correlation was calculated for the service ‘Specialties and old recipes remind me
of my childhood’ (p < −0.629), both on a 0.01 significance level (Table 2 and Figure 3). The
second highest statistically negative correlation was for ‘The region helps me understand
my family’s culture and history’.

Table 2. Spearman’s Rho correlation between CES and ‘growing up location’.

CES Spearman’s Rho ‘Did You Grow up in the Region?’
Correlation Coefficient

Fishing −0.306 *

Hunting −0.439 **

Let me distance myself from modern comfort 0.307 *

The Lower Engadine landscape awakens childhood memories −0.472 **

The region helps me understand my family’s culture and history −0.603 **

Specialties and old recipes remind me of my childhood −0.629 **

Singing in a choir is part of the culture of the Lower Engadine −0.419 **

To live and enjoy on campsites or in huts −0.286 *

** Correlation is significant at 0.01 level (two-tailed). * Correlation is significant at 0.05 level (two-tailed).
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5. Spatial Analysis

To answer our second question (what are the hotspots of different CES in the region?),
we georeferenced the location of several special services. Unfortunately, not all participants
answered the questions assessing the geographical location for each service. Therefore,
here we show CES that received the highest number of responses (i.e., exact geographical
locations) in our survey. We used ArcGIS 10.8.2 to geo-reference the locations of individual
CES. Services that were attributed the most to exact geographical locations in our question-
naires were ‘Enjoying the view of mountains, rivers or glaciers’ (24 geographical locations),
‘Hiking’ (21 geographical locations), and ‘Looking at flowers’ (19 geographical locations).
Our results show that many of the services are available at the same locations, such as
Ardez, Valsot, Sent, Val Sinestra, Tarasp, and Ftan (Figure 4—for place names compare
Figure 1), making those places more desirable to visit for Lower Engadine inhabitants
and visitors.
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6. Discussion

Culture ecosystem services are important non-material benefits of nature that have
been receiving recognition in research in recent decades. However, their contribution to
wellbeing in the face of rapidly changing climate, ecosystems, and landscapes is still not
well enough explored or understood across different spatial and temporal scales [14,33].

In mountain regions, traditional and more isolated communities are very much de-
pendent on cultural ecosystem services, as they are essential not only for their survival,
but an important part of community and individual identity [47]. Yet, very little emphasis
has so far been placed on how the demand for particular CES impacts human wellbeing
locally and regionally [14,30,48]. It has been known that physical activity and recreation
have various benefits for human physical wellbeing, such as lower mortality, improved
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cardiovascular health, for example Japanese ‘forest bathing’, helping to control diabetes
and securing better cognitive performance [49–51].

The benefits of hiking and trekking in mountain landscapes have been known for
years [52,53] and they have become very popular over recent years. Our results confirm
that hiking is one of the most important services in the Lower Engadine and it is equally
important for all age groups, except for the elderly. Furthermore, hiking could offer par-
ticipants meaningful experiences in nature that can distract us from a technology-centred
lifestyle and encourage environmentally conscious behaviour [54,55]. Our results for the
service ‘Let me distance myself from modern comfort’ are in line with those previous
findings showing that being in the mountains and nature reduces stress and improves
our wellbeing [56]. The highest and the second highest statistically negative correlations
between people who did not grow up in the region were calculated for the services ‘Special-
ties and old recipes remind me of my childhood’ and ‘The region helps me understand my
family’s culture and history’, showing how the Lower Engadine’s landscape and heritage
is imbedded in personal and community identity that is a common theme for the local
population in mountain regions [25]. Hopefully, environmentally conscious behaviour
can be further altered as many recreational activities were highly valued by the younger
generation such as skiing and swimming, fishing, biking, free climbing, kayaking, and
rafting. Correlation analysis showed statistically significant negative correlations between
age and skiing, swimming, kayaking/rafting, and biking, respectively. Our results are
in contrast to previous findings, where for example Alpine skiing was important for the
older population and showed higher levels of physical health, and contributed to bet-
ter self-valuation, healthy aging, and a better quality of life (e.g., social interactions and
cardiovascular health) [57]. Hence, our results confirm spatial heterogeneity of CES and
present a venue for new research on how to make nature and activities in nature more
accessible and appealing for the elderly and people with disabilities [14,58,59]. From the
point of view of environmental justice, we must strive to make nature accessible to elderly
or people with disabilities and different genders who have not been in the mountains or
forest for a very long time, and are no longer able to engage in activities they used to enjoy
or were beginning to enjoy [14,60]. These groups are very often deprived of nature and are
not able to enjoy specific aspects of nature or activities due to a lack of accessibility [58].
Furthermore, as we live in the Anthropocene, we are aware that CES in mountain regions
will be affected by climate change seasonally [7,61]. The impact of climate change on winter
recreational activities, such as skiing, will be predominantly negative due to the loss of
snow [29,62]. On the other hand, other recreational activities such as hiking and swimming
will be very popular in the summer season [30,59] and they will offer the opportunity to
escape urban heat islands. Still, these increased visits to mountainous regions could add
to the already existing stress on vulnerable mountain ecosystems and potentially create a
positive climate change feedback.

Physical activity can contribute to holistic wellbeing, contributing to emotional re-
newal in nature, showing mental health benefits noticeable through various psychological
pathways such as improved self-concept, improved self-perception/identity, and improved
confidence [63–66]. It is therefore essential not only to understand which recreational
activities across different sociodemographic groups are important, but also what is the
value of nature for different stakeholders and how this differs locally and regionally.

Nature and its benefits contribute positively to our mental wellbeing in many
ways [63,67,68], through activities in nature that have been referred to as “wilderness
therapy, .... wilderness adventure therapy, or also outdoor recreation therapy” [58,69–71].
Hence, our research shows that beside physical benefits of recreational activities in moun-
tains, other CES such as aesthetic values, sense of place, inspiration, and local and tradi-
tional knowledge (i.e., traditional clothing and local costumes) contribute to wellbeing by
reducing stress, through emotional and cognitive renewal, and by strengthening social
relationships [54,69,71].
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Most respondents from this research assigned a high importance to CES related to
‘Terraces for traditional Agriculture activities’ and ‘Local costumes’ such as to ‘Cooking’
or community identity related to biodiversity, and the identification of plant species that
are particularly important for the Alps (e.g., Fire Lily, Edelweiss). Our results show
the importance of a connection to nature of the local communities in order to preserve
the cultural heritage, community identity, and landscape and traditional agricultural
practices (i.e., ‘Talking to neighbours’, ‘Learning about archaeology and/or history’) in the
Lower Engadine [72,73]. Previous studies have also shown that traditional agricultural
practises (e.g., transhumance pastoralism) are essential for cultural identity and biodiversity
preservation and restoration [74,75].

Our results from the spatial analysis are in line with previous studies showing that,
in many cases, the same location or the same natural area can provide multiple CES and
provide numerous health benefits [66,68,76,77].

An improved connectedness to nature can improve the interaction between humans
and nature and strengthen our bond with nature, which promotes a better attitude towards
environmental protection and leads to pro-environmental conservation strategies [67,78–80].
The results of this study point in this direction, as the younger generation from this region
shows a clear interest in the landscape, mountain biodiversity, as well as in community
and individual heritage (i.e., Traditional clothing/costume, Local customs, Terraces, The
Lower Engadine landscape (terraces, pastures, etc.)). Hence, our findings show that there
is great potential for future research to focus on the study of emotional dimensions of
human connection to nature in order to create more understanding of the specific emotional
connection between the younger generation and the landscape, as this will play a key
role in creating equitable and just, sustainable management strategies, and nature-based
solutions in climate change adaptation [80,81]. Another potential focus of future research
could be on relational values within different stakeholder groups, including marginalised
groups (i.e., people with disabilities) in the Lower Engadine [82–84].

7. Limitations

Our study has been limited by several factors. After the initial ‘in person’ survey,
due to time constraints to organize another fieldwork to the Lower Engadine, we decided
to use an online questionnaire. Possibly this decision limited elderly participants to join
as they were not familiar with online surveys. Furthermore, the online survey showed a
down side in participants’ engagement in providing the correct geographical location for
individual CES.

8. Conclusions

Our work shows the importance of diverse CES in the Lower Engadine for both
residents and visitors. This study shows that it is an advantage to engage transdisciplinary
research teams to develop key questions about the availability and demand of CES in order
to understand the need for each service in mountain communities and across different
socio-economic and socio-cultural groups, which could be beneficial for local NGOs and
the Swiss National Park. Furthermore, this study contributes to a better understanding
of which actors we can involve in climate change adaptation strategies and how we can
connect local communities with local and national governments [85,86]. This can lead to
the most transformative forms of adaptation possible: (a) with a future focus on research
that involves different actors and an emotional connection to the landscape in mountain
regions, and (b) with further investigation of relational values, we can empower local
actors and marginalised groups (i.e., people with disabilities, women, people of different
genders, the elderly). Transdisciplinary research and more education on environmental
change for local communities will bring empowerment and different actors to the table,
allowing them to share their knowledge and lived experience. Only such an approach will
enable us to develop strategies for climate change adaptation and biodiversity conservation
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that are equitable and just, leading towards a sustainable future and a better quality of
life [34,87,88].

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/land12122156/s1.

Author Contributions: Conceptualization, A.K., K.L., K.K. and A.A.; Methodology, A.K., S.G.
and K.K.; Software, S.G.; Validation, A.K.; Formal analysis, A.K. and S.G.; Investigation, A.K.,
K.K. and A.A.; Data curation, A.K. and A.A.; Writing—original draft, A.K., K.L., K.K. and A.A.;
Writing—review & editing, A.K., K.L., S.G., K.K. and A.A.; Visualization, S.G. and A.A.; Supervision,
A.K. All authors have read and agreed to the published version of the manuscript.

Funding: S.K. and K.L. received funding from the Zukunftskolleg Alumni Cooperation Programme
of the University of Konstanz, Germany.

Data Availability Statement: Datasets are available from the authors upon request. The data are not
publicly available due to intellectual property/confidentiality issues.

Acknowledgments: We would like to thank Bigna Abderhalden and Sidonia Pazeller for their
valuable support in the elaboration and translation and the online survey. We would also like to
thank two reviewers for their valuable feedback and comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Richardson, K.; Steffen, W.; Lucht, W.; Bendtsen, J.; Cornell, S.E.; Donges, J.F.; Drüke, M.; Fetzer, I.; Bala, G.; von Bloh, W.; et al.

Earth beyond six of nine planetary boundaries. Sci. Adv. 2023, 9, eadh2458. [CrossRef] [PubMed]
2. Waters, C.N.; Zalasiewicz, J.; Summerhayes, C.; Barnosky, A.D.; Poirier, C.; Gałuszka, A.; Cearreta, A.; Edgeworth, M.; Ellis, E.C.;

Ellis, M.; et al. The Anthropocene is functionally and stratigraphically distinct from the Holocene. Science 2016, 351, aad2622.
[CrossRef] [PubMed]

3. IPBES; Díaz, S.; Brondízio, E.E.S.; Ngo, H.T.; Guèze, M.; Agard, J.; Arneth, A.; Balvanera, P.; Brauman, K.A.; Butchart, S.H.M.
(Eds.) IPBES: Summary for Policymakers of the Global Assessment Report on Biodiversity and Ecosystem Services of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services; IPBES secretariat: Bonn, Germany, 2019; pp. 1–56.

4. IPCC. Summary for Policymakers. In Global Warming of 1.5 ◦C. An IPCC Special Report on the Impacts of Global Warming of 1.5 ◦C
above Pre-Industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response
to the Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty; Masson-Delmotte, V., Zhai, P., Po, H.-O.,
Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia, W., Pe, C., Pidcock, R., et al., Eds.; IPCC: Geneva, Switzerland, 2018.

5. Díaz, S.; Settele, J.; Brondízio, E.S.; Ngo, H.T.; Agard, J.; Arneth, A.; Balvanera, P.; Brauman, K.A.; Butchart, S.H.M.; Chan,
K.M.A.; et al. Pervasive human-driven decline of life on Earth points to the need for transformative change. Science 2019,
366, eaax3100. [CrossRef] [PubMed]

6. Zeng, Z.; Chen, A.; Ciais, P.; Li, Y.; Li, L.Z.X.; Vautard, R.; Zhou, L.; Yang, H.; Huang, M.; Piao, S. Regional air pollution brightening
reverses the greenhouse gases induced warming-elevation relationship. Geophys. Res. Lett. 2015, 42, 4563–4572. [CrossRef]

7. Palomo, I. Climate Change Impacts on Ecosystem Services in High Mountain Areas: A Literature Review. Mount. Res. Dev. 2017,
37, 179–187. [CrossRef]

8. Romeo, R.; Grita, F.; Parisi, F.; Russo, L. Vulnerability of Mountain Peoples to Food Insecurity: Updated Data and Analysis of Drivers;
t.U.N. Food and Agriculture Organization of the United Nations (FAO) and C.t.C.D. (UNCCD): Rome, Italy, 2020.

9. IPBES; Karki, M.; Senaratna Sellamuttu, S.; Okayasu, S.; Suzuki, W.; Acosta, L.A.; Alhafedh, Y.; Anticamara, J.; Ausseil, A.G.;
Davies, K.; et al. Summary for Policymakers of the Regional Assessment Report on Biodiversity and Ecosystem Services for Asia and
the Pacific of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services; Secretariat, I., Ed.; IPBES: Boon,
Germany, 2018.

10. Beniston, M.; Stoffel, M. Assessing the impacts of climatic change on mountain water resources. Sci. Total Environ. 2014, 493,
1129–1137. [CrossRef]

11. Espinoza-Guzmán, M.A.; Aragonés Borrego, D.; Sahagún-Sánchez, F.J. Evaluation of recent land-use and land-cover change in a
mountain region. Trees For. People 2023, 11, 100370. [CrossRef]

12. Locatelli, B.; Lavorel, S.; Sloan, S.; Tappeiner, U.; Geneletti, D. Characteristic trajectories of ecosystem services in mountains. Front.
Ecol. Environ. 2017, 15, 150–159. [CrossRef]

13. Wang, Y.; Dai, E.; Yin, L.; Ma, L. Land use/land cover change and the effects on ecosystem services in the Hengduan Mountain
region, China. Ecosyst. Serv. 2018, 34, 55–67. [CrossRef]

14. Kosanic, A.; Petzold, J. A systematic review of cultural ecosystem services and human wellbeing. Ecosyst. Serv. 2020, 45, 101168.
[CrossRef]

https://www.mdpi.com/article/10.3390/land12122156/s1
https://doi.org/10.1126/sciadv.adh2458
https://www.ncbi.nlm.nih.gov/pubmed/37703365
https://doi.org/10.1126/science.aad2622
https://www.ncbi.nlm.nih.gov/pubmed/26744408
https://doi.org/10.1126/science.aax3100
https://www.ncbi.nlm.nih.gov/pubmed/31831642
https://doi.org/10.1002/2015GL064410
https://doi.org/10.1659/MRD-JOURNAL-D-16-00110.1
https://doi.org/10.1016/j.scitotenv.2013.11.122
https://doi.org/10.1016/j.tfp.2023.100370
https://doi.org/10.1002/fee.1470
https://doi.org/10.1016/j.ecoser.2018.09.008
https://doi.org/10.1016/j.ecoser.2020.101168


Land 2023, 12, 2156 12 of 14

15. MEA. Ecosystems and Human Wellbeing: Biodiversity Synthesis. In Millennium Ecosystem Assessment; W.R. Institute: Washington,
DC, USA, 2005.

16. Guerra, C.A.; Rosa, I.; Pereira, H.M. Change versus stability: Are protected areas particularly pressured by global land cover
change? Landsc. Ecol. 2019, 34, 2779–2790. [CrossRef]

17. Martín-López, B.; Leister, I.; Lorenzo Cruz, P.; Palomo, I.; Grêt-Regamey, A.; Harrison, P.A.; Lavorel, S.; Locatelli, B.; Luque, S.;
Walz, A. Nature’s contributions to people in mountains: A review. PLoS ONE 2019, 14, e0217847. [CrossRef] [PubMed]

18. Taylor, W.; Hart, I.; Pan, C.; Bayarsaikhan, J.; Murdoch, J.; Caspari, G.; Klinge, M.; Pearson, K.; Bikhumar, U.; Shnaider, S.; et al.
High altitude hunting, climate change, and pastoral resilience in eastern Eurasia. Sci. Rep. 2021, 11, 14287. [CrossRef]

19. Malek, Ž.; Zumpano, V.; Hussin, H. Forest management and future changes to ecosystem services in the Romanian Carpathians.
Environ. Dev. Sustain. 2018, 20, 1275–1291. [CrossRef]

20. Dame, J.; Nüsser, M. Food security in high mountain regions: Agricultural production and the impact of food subsidies in Ladakh,
Northern India. Food Secur. 2011, 3, 179–194. [CrossRef]

21. Schirpke, U.; Meisch, C.; Tappeiner, U. Symbolic species as a cultural ecosystem service in the European Alps: Insights and open
issues. Landsc. Ecol. 2018, 33, 711–730. [CrossRef]

22. Díaz, S.; Demissew, S.; Carabias, J.; Joly, C.; Lonsdale, M.; Ash, N.; Larigauderie, A.; Adhikari, J.R.; Arico, S.; Báldi, A.; et al. The
IPBES Conceptual Framework—Connecting nature and people. Curr. Opin. Environ. Sustain. 2015, 14, 1–16. [CrossRef]

23. Huynh, L.T.M.; Gasparatos, A.; Su, J.; Dam Lam, R.; Grant, E.I.; Fukushi, K. Linking the nonmaterial dimensions of human-nature
relations and human well-being through cultural ecosystem services. Sci. Adv. 2022, 8, eabn8042. [CrossRef]

24. Martín-López, B.; Gómez-Baggethun, E.; Lomas, P.L.; Montes, C. Effects of spatial and temporal scales on cultural services
valuation. J. Environ. Manag. 2009, 90, 1050–1059. [CrossRef]

25. Tugjamba, N.; Walkerden, G.; Miller, F. Under the guidance of the eternal blue sky: Cultural ecosystem services that support
well-being in Mongolian pastureland. Landsc. Res. 2021, 46, 713–727. [CrossRef]

26. Sarmiento, F.O.; Cotacachi, C. Framing cultural ecosystem services in the Andes: Utawallu as sentinels of values for biocultural
heritage conservation. In Satoyama Initiative Thematic Review: Understanding the Multiple Values Associated with Sustainable Use in
Socio-Ecological Production Landscapes (SEPLS); UNU-IAS and IGE: Tokyo, Japan, 2019; Volume 5.

27. Cunsolo, A.; Harper, S.L.; Minor, K.; Hayes, K.; Williams, K.G.; Howard, C. Ecological grief and anxiety: The start of a healthy
response to climate change? Lancet Planet. Health 2020, 4, e261–e263. [CrossRef]

28. Cunsolo, A.; Ellis, N.R. Ecological grief as a mental health response to climate change-related loss. Nat. Clim. Chang. 2018, 8,
275–281. [CrossRef]

29. Steiger, R.; Knowles, N.; Pöll, K.; Rutty, M. Impacts of climate change on mountain tourism: A review. J. Sustain. Tour. 2022, 1–34.
[CrossRef]

30. Schirpke, U.; Scolozzi, R.; Tappeiner, U. Not too small to benefit society: Insights into perceived cultural ecosystem services of
mountain lakes in the European Alps. Ecol. Soc. 2022, 27. [CrossRef]

31. Burke, S.M.; Sabiston, C.M. The meaning of the mountain: Exploring breast cancer survivors’ lived experiences of subjective
well-being during a climb on Mt. Kilimanjaro. Qual. Res. Sport Exerc. 2010, 2, 1–16. [CrossRef]

32. Burke, S.M.; Utley, A. Climbing towards recovery: Investigating physically injured combat veterans’ psychosocial response to
scaling Mt. Kilimanjaro. Disabil. Rehabil. 2013, 35, 732–739. [CrossRef]

33. Milcu, A.I.; Hanspach, J.; Abson, D.; Fischer, J. Cultural Ecosystem Services: A Literature Review and Prospects for Future
Research. Ecol. Soc. 2013, 18, 44. [CrossRef]

34. Bennett, E.M.; Cramer, W.; Begossi, A.; Cundill, G.; Díaz, S.; Egoh, B.N.; Geijzendorffer, I.R.; Krug, C.B.; Lavorel, S.; Lazos, E.; et al.
Linking biodiversity, ecosystem services, and human well-being: Three challenges for designing research for sustainability. Curr.
Opin. Environ. Sustain. 2015, 14, 76–85. [CrossRef]

35. Sheremata, M. Listening to relational values in the era of rapid environmental change in the Inuit Nunangat. Curr. Opin. Environ.
Sustain. 2018, 35, 75–81. [CrossRef]

36. West, S.; Haider, L.J.; Masterson, V.; Enqvist, J.P.; Svedin, U.; Tengö, M. Stewardship, care and relational values. Curr. Opin.
Environ. Sustain. 2018, 35, 30–38. [CrossRef]

37. Beniston, M. Mountain Weather and Climate: A General Overview and a Focus on Climatic Change in the Alps. Hydrobiologia
2006, 562, 3–16. [CrossRef]

38. Dietre, B.; Walser, C.; Kofler, W.; Kothieringer, K.; Hajdas, I.; Lambers, K.; Reitmaier, T.; Haas, J.N. Neolithic to Bronze Age
(4850–3450 cal. BP) fire management of the Alpine Lower Engadine landscape (Switzerland) to establish pastures and cereal
fields. Holocene 2017, 27, 181–196. [CrossRef]

39. Reitmaier, T.; Doppler, T.; Pike, A.W.G.; Deschler-Erb, S.; Hajdas, I.; Walser, C.; Gerling, C. Alpine cattle management during the
Bronze Age at Ramosch-Mottata, Switzerland. Quat. Int. 2018, 484, 19–31. [CrossRef]

40. Reitmaier, T. Letzte Jäger, erste Hirten. Hochalpine Archäologie in der Silvretta 2007–2012. In Letzte Jäger, Erste Hirten: Hochalpine
Archäologie in der Silvretta; Reitmaier, T., Ed.; Amt für Kultur, Archäologischer Dienst Graubünden: Chur, Switzerland, 2012;
pp. 9–65.

41. Zoller, H.; Erny-Rodmann, C.; Punchakunnel, P. The History of Vegetation and Land Use in the Lower Engadine (Switzerland): Pollen
Records of the Last 13000 Years; Schweiz, N.-F.i.d., Ed.; Nationalparkhaus: Zernez, Switzerland, 1996; Volume 86.

https://doi.org/10.1007/s10980-019-00918-4
https://doi.org/10.1371/journal.pone.0217847
https://www.ncbi.nlm.nih.gov/pubmed/31185055
https://doi.org/10.1038/s41598-021-93765-w
https://doi.org/10.1007/s10668-017-9938-4
https://doi.org/10.1007/s12571-011-0127-2
https://doi.org/10.1007/s10980-018-0628-x
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/sciadv.abn8042
https://doi.org/10.1016/j.jenvman.2008.03.013
https://doi.org/10.1080/01426397.2021.1885636
https://doi.org/10.1016/S2542-5196(20)30144-3
https://doi.org/10.1038/s41558-018-0092-2
https://doi.org/10.1080/09669582.2022.2112204
https://doi.org/10.5751/ES-12987-270106
https://doi.org/10.1080/19398440903510137
https://doi.org/10.3109/09638288.2012.707743
https://doi.org/10.5751/ES-05790-180344
https://doi.org/10.1016/j.cosust.2015.03.007
https://doi.org/10.1016/j.cosust.2018.10.017
https://doi.org/10.1016/j.cosust.2018.10.008
https://doi.org/10.1007/s10750-005-1802-0
https://doi.org/10.1177/0959683616658523
https://doi.org/10.1016/j.quaint.2017.02.007


Land 2023, 12, 2156 13 of 14

42. Raba, A. Historische und Landschaftsökologische Aspekte einer Inneralpinen Terrassenlandschaft am Beispiel von Ramosch; University of
Freiburg: Freiburg, Germany, 1996.

43. Celebi, M.E.; Kingravi, H.A.; Vela, P.A. A comparative study of efficient initialization methods for the k-means clustering
algorithm. Expert Syst. Appl. 2013, 40, 200–210. [CrossRef]

44. Jain, A.K.; Murty, M.N.; Flynn, P.J. Data clustering: A review. ACM Comput. Surv. 1999, 31, 264–323. [CrossRef]
45. Crossman, N.D.; Burkhard, B.; Nedkov, S.; Willemen, L.; Petz, K.; Palomo, I.; Drakou, E.G.; Martín-Lopez, B.; McPhearson, T.;

Boyanova, K.; et al. A blueprint for mapping and modelling ecosystem services. Ecosyst. Serv. 2013, 4, 4–14. [CrossRef]
46. Plieninger, T.; Dijks, S.; Oteros-Rozas, E.; Bieling, C. Assessing, mapping, and quantifying cultural ecosystem services at

community level. Land Use Policy 2013, 33, 118–129. [CrossRef]
47. Kaltenborn, B.P.; Linnell, J.D.C.; Baggethun, E.G.; Lindhjem, H.; Thomassen, J.; Chan, K.M. Ecosystem Services and Cultural

Values as Building Blocks for ‘The Good life’. A Case Study in the Community of Røst, Lofoten Islands, Norway. Ecol. Econ. 2017,
140, 166–176. [CrossRef]

48. Pröbstl-Haider, U. Cultural ecosystem services and their effects on human health and well-being—A cross-disciplinary method-
ological review. J. Outdoor Recreat. Tour. 2015, 10, 1–13. [CrossRef]

49. Shanahan, D.F.; Franco, L.; Lin, B.B.; Gaston, K.J.; Fuller, R.A. The Benefits of Natural Environments for Physical Activity. Sports
Med. 2016, 46, 989–995. [CrossRef]

50. Keniger, L.E.; Gaston, K.J.; Irvine, K.N.; Fuller, R.A. What are the Benefits of Interacting with Nature? Int. J. Environ. Res. Public
Health 2013, 10, 913–935. [CrossRef]

51. Lee, J.; Park, B.-J.; Tsunetsugu, Y.; Ohira, T.; Kagawa, T.; Miyazaki, Y. Effect of forest bathing on physiological and psychological
responses in young Japanese male subjects. Public Health 2011, 125, 93–100. [CrossRef]

52. Huonker, M.; Schmidt-Trucksäss, A.; Sorichter, S.; Irmer, M.; Dürr, H.; Lehmann, M.; Keul, J. Highland mountain hiking and
coronary artery disease: Exercise tolerance and effects on left ventricular function. Med. Sci. Sports Exerc. 1997, 29, 1554–1560.
[CrossRef]

53. Oteros-Rozas, E.; Martín-López, B.; Fagerholm, N.; Bieling, C.; Plieninger, T. Using social media photos to explore the relation
between cultural ecosystem services and landscape features across five European sites. Ecol. Indic. 2018, 94, 74–86. [CrossRef]

54. Puhakka, R. University students’ participation in outdoor recreation and the perceived well-being effects of nature. J. Outdoor
Recreat. Tour. 2021, 36, 100425. [CrossRef]

55. Høyem, J. Outdoor recreation and environmentally responsible behavior. J. Outdoor Recreat. Tour. 2020, 31, 100317. [CrossRef]
56. Schirpke, U.; Tasser, E.; Tappeiner, U. Predicting scenic beauty of mountain regions. Landsc. Urban Plan. 2013, 111, 1–12. [CrossRef]
57. Conde-Pipó, J.; Valenzuela-Barranco, I.; López-Moro, A.; Román-Alconchel, B.; Mariscal-Arcas, M.; Zurita-Ortega, F. Influence of

Alpine Skiing on Health-Related Quality of Life and Physical Self-Concept in Physically Active Adults over 55 Years of Age.
Sports 2022, 10, 153. [CrossRef]

58. Beringer, A.; Martin, P. On adventure therapy and the natural worlds: Respecting nature’s healing. J. Adventure Educ. Outdoor
Learn. 2003, 3, 29–39. [CrossRef]

59. Schirpke, U.; Scolozzi, R.; Dean, G.; Haller, A.; Jäger, H.; Kister, J.; Kovács, B.; Sarmiento, F.O.; Sattler, B.; Schleyer, C. Cultural
ecosystem services in mountain regions: Conceptualising conflicts among users and limitations of use. Ecosyst. Serv. 2020,
46, 101210. [CrossRef]

60. Kosanic, A.; Petzold, J.; Martín-López, B. Pathways towards sustainable and just futures with and for disabled populations: A
leverage points perspective. Ecosyst. People 2023, 19, 2274590. [CrossRef]

61. Pritchard, H.D. Asia’s glaciers are a regionally important buffer against drought. Nature 2017, 545, 169–174. [CrossRef]
62. Korner, C.; Spehn, E.M. Mountain Biodiversity: A Global Assessment; Routledge: London, UK, 2019; Volume 7.
63. White, M.P.; Pahl, S.; Wheeler, B.W.; Depledge, M.H.; Fleming, L.E. Natural environments and subjective wellbeing: Different

types of exposure are associated with different aspects of wellbeing. Health Place 2017, 45, 77–84. [CrossRef] [PubMed]
64. Suc, N.; Lesnik, B.; Erpic, S.C. Differences in Self-Concept Among Persons with Disabilities Due to Practicing Adaptive Alpine

Skiing/Razlike V Samopodbi Oseb Po Poskodbi Zaradi Ukvarjanja S Prilagojenim Alpskim Smucanjem. Kinesiol. Slov. 2015,
21, 34.

65. James, L.; Shing, J.; Mortenson, W.B.; Mattie, J.; Borisoff, J. Experiences with and perceptions of an adaptive hiking program.
Disabil. Rehabil. 2018, 40, 1584–1590. [CrossRef] [PubMed]

66. Dadvand, P.; Bartoll, X.; Basagaña, X.; Dalmau-Bueno, A.; Martinez, D.; Ambros, A.; Cirach, M.; Triguero-Mas, M.; Gascon, M.;
Borrell, C.; et al. Green spaces and General Health: Roles of mental health status, social support, and physical activity. Environ.
Int. 2016, 91, 161–167. [CrossRef]

67. Ives, C.D.; Giusti, M.; Fischer, J.; Abson, D.J.; Klaniecki, K.; Dorninger, C.; Laudan, J.; Barthel, S.; Abernethy, P.; Martín-López,
B.; et al. Human–nature connection: A multidisciplinary review. Curr. Opin. Environ. Sustain. 2017, 26–27, 106–113. [CrossRef]

68. Bratman, G.N.; Anderson, C.B.; Berman, M.G.; Cochran, B.; de Vries, S.; Flanders, J.; Folke, C.; Frumkin, H.; Gross, J.J.; Hartig,
T.; et al. Nature and mental health: An ecosystem service perspective. Sci. Adv. 2019, 5, eaax0903. [CrossRef]

69. Martens, D.; Gutscher, H.; Bauer, N. Walking in “wild” and “tended” urban forests: The impact on psychological well-being. J.
Environ. Psychol. 2011, 31, 36–44. [CrossRef]

70. Shanahan, D.F.; Bush, R.; Gaston, K.J.; Lin, B.B.; Dean, J.; Barber, E.; Fuller, R.A. Health Benefits from Nature Experiences Depend
on Dose. Sci. Rep. 2016, 6, 28551. [CrossRef]

https://doi.org/10.1016/j.eswa.2012.07.021
https://doi.org/10.1145/331499.331504
https://doi.org/10.1016/j.ecoser.2013.02.001
https://doi.org/10.1016/j.landusepol.2012.12.013
https://doi.org/10.1016/j.ecolecon.2017.05.003
https://doi.org/10.1016/j.jort.2015.07.004
https://doi.org/10.1007/s40279-016-0502-4
https://doi.org/10.3390/ijerph10030913
https://doi.org/10.1016/j.puhe.2010.09.005
https://doi.org/10.1097/00005768-199712000-00002
https://doi.org/10.1016/j.ecolind.2017.02.009
https://doi.org/10.1016/j.jort.2021.100425
https://doi.org/10.1016/j.jort.2020.100317
https://doi.org/10.1016/j.landurbplan.2012.11.010
https://doi.org/10.3390/sports10100153
https://doi.org/10.1080/14729670385200221
https://doi.org/10.1016/j.ecoser.2020.101210
https://doi.org/10.1080/26395916.2023.2274590
https://doi.org/10.1038/nature22062
https://doi.org/10.1016/j.healthplace.2017.03.008
https://www.ncbi.nlm.nih.gov/pubmed/28319857
https://doi.org/10.1080/09638288.2017.1302006
https://www.ncbi.nlm.nih.gov/pubmed/28325069
https://doi.org/10.1016/j.envint.2016.02.029
https://doi.org/10.1016/j.cosust.2017.05.005
https://doi.org/10.1126/sciadv.aax0903
https://doi.org/10.1016/j.jenvp.2010.11.001
https://doi.org/10.1038/srep28551


Land 2023, 12, 2156 14 of 14

71. Garrett, J.K.; White, M.P.; Elliott, L.R.; Grellier, J.; Bell, S.; Bratman, G.N.; Economou, T.; Gascon, M.; Lõhmus, M.; Nieuwenhuijsen,
M. Applying an ecosystem services framework on nature and mental health to recreational blue space visits across 18 countries.
Sci. Rep. 2023, 13, 2209. [CrossRef] [PubMed]

72. Serrano, E.; González-Amuchastegui, M.J. Cultural heritage, landforms, and integrated territorial heritage: The close relationship
between Tufas, cultural remains, and landscape in the Upper Ebro Basin (Cantabrian Mountains, Spain). Geoheritage 2020, 12, 86.
[CrossRef]

73. Affek, A.N.; Zachwatowicz, M.; Sosnowska, A.; Gerlée, A.; Kiszka, K. Impacts of modern mechanised skidding on the natural
and cultural heritage of the Polish Carpathian Mountains. For. Ecol. Manag. 2017, 405, 391–403. [CrossRef]

74. Liechti, K.; Biber, J. Pastoralism in Europe: Characteristics and challenges of highland–lowland transhumance. OIE Rev. Sci. Tech
2016, 35, 561–575. [CrossRef] [PubMed]

75. Oteros-Rozas, E.; Ontillera-Sánchez, R.; Sanosa, P.; Gómez-Baggethun, E.; Reyes-García, V.; González, J.A. Traditional ecological
knowledge among transhumant pastoralists in Mediterranean Spain. Ecol. Soc. 2013, 18, 33. [CrossRef]

76. Hartig, T.; Mitchell, R.; de Vries, S.; Frumkin, H. Nature and health. Annu. Rev. Public Health 2014, 35, 207–228. [CrossRef]
77. Tyrväinen, L.; Ojala, A.; Neuvonen, M.; Borodulin, K.; Lanki, T. Health and well-being from forests—Experience from Finnish

research. Sante Publique 2019, S1, 249–256. [CrossRef]
78. Soga, M.; Gaston, K.J. Extinction of experience: The loss of human–nature interactions. Front. Ecol. Environ. 2016, 14, 94–101.

[CrossRef]
79. Soga, M.; Gaston, K.J. Global synthesis reveals heterogeneous changes in connection of humans to nature. One Earth 2023, 6,

131–138. [CrossRef]
80. Otamendi-Urroz, I.; Quintas-Soriano, C.; Martín-López, B.; Expósito-Granados, M.; Alba-Patiño, D.; Rodríguez-Caballero, E.;

García-Llorente, M.; Castro, A.J. The role of emotions in human–nature connectedness within Mediterranean landscapes in Spain.
Sustain. Sci. 2023, 18, 2181–2197. [CrossRef]

81. Riechers, M.; Balázsi, Á.; Abson, D.J.; Fischer, J. The influence of landscape change on multiple dimensions of human-nature
connectedness. Ecol. Soc. 2020, 25, 33. [CrossRef]

82. Riechers, M.; Martín-López, B.; Fischer, J. Human–nature connectedness and other relational values are negatively affected by
landscape simplification: Insights from Lower Saxony, Germany. Sustain. Sci. 2021, 1–3. [CrossRef]

83. Chapman, M.; Deplazes-Zemp, A. ‘I owe it to the animals’: The bidirectionality of Swiss alpine farmers’ relational values. People
Nat. 2023, 5, 147–161. [CrossRef]

84. Martín-López, B. Plural Valuation of Nature Matters for Environmental Sustainability and Justice; The Royal Society: London,
UK, 2021.

85. Petzold, J.; Hawxwell, T.; Jantke, K.; Gonçalves Gresse, E.; Mirbach, C.; Ajibade, I.; Bhadwal, S.; Bowen, K.; Fischer, A.P.; Joe,
E.T.; et al. A global assessment of actors and their roles in climate change adaptation. Nat. Clim. Chang. 2023, 13, 1250–1257.
[CrossRef]

86. Bhatta, L.D.; van Oort, B.E.H.; Stork, N.E.; Baral, H. Ecosystem services and livelihoods in a changing climate: Understanding
local adaptations in the Upper Koshi, Nepal. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag. 2015, 11, 145–155. [CrossRef]

87. Molnár, Z.; Fernández-Llamazares, Á.; Schunko, C.; Teixidor-Toneu, I.; Jarić, I.; Díaz-Reviriego, I.; Ivascu, C.; Babai, D.; Sáfián,
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