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Landslides are important components of global geoheritage, but awareness of their
significance and value in such terms seems scanty in the scientific community.
Landslides are normally identified among various features of geological and
geomorphological interest, and often considered a source of hazard. However, they
are seldom identified as geosites and as part of geoheritage. This paper aims at filling these
gaps by highlighting the importance of landslides in the global geoheritage. After a short
introduction on the values and criteria to define landforms as geosites, based on literature
review, we show to what extent landslides have been defined as geomorphosites and as
part of geoheritage around the world. We then outline three aspects that should be
specifically considered in the identification of landslides as geomorphosites, namely 1) past
and present climate changes, 2) anthropic signature, and 3) risk perception. Finally, we
describe four cases of spectacular landslides that serve as significant examples worldwide.

Keywords: landslide, geomorphosite, geosite, geoheritage, climate change, anthropic signature, risk perception

INTRODUCTION

Landslides are mass movements of primarily rock and/or soil on the land surface (Cruden, 1991;
Cruden and Varnes, 1996; Hungr et al.,, 2014) and are an important landscape-shaping process,
contributing significantly to sediment erosion, release, transport and deposition on hillslopes.
Landslides are a great example of landforms with a broad (geo)diversity (Gray, 2004; Gray et al.,
2013)—due to their variety of origin, composition, forms, processes, environment, and spatio-
temporal distribution—and can result in spectacular landforms (e.g. Soldati et al, 2019). The
succession and/or combination of different mass-movement processes with different rates on a
variety of time scale drive the diversity and complexity of landslides, leading to an increased
geodiversity of a territory (e.g., Fepuleai and Németh, 2019), and making it part of its geoheritage
(Brocx and Semeniuk, 2007).

Valuing and promoting geoheritage, and particularly those elements of exceptional value (i.e.
geosites) is a crucial step in the geoconservation process (Brilha, 2016). Numerous local examples of
landslides around the world have been recognized as geosites (cf. Table 2). However, the role of
landslides as a key landform in the promotion and enhancement of global geoheritage has so far been
neglected. Geoheritage sites serve the public interest (Coratza et al., 2018), and their valorisation and
conservation is a key instrument to communicate geoscience and Earth systems processes and to
make them accessible to society. Scientists can transfer their knowledge on the geological changes
that affect the Earth at different time and spatial scales through landscapes, landforms, and outcrops.
The growing interest in geoheritage and geoconservation in the last decades has caused the rise of a
number of local (e.g., Burlando et al., 2011; Migon et al., 2018; Venturini and Pasquaré Mariotto,
2019), regional (e.g., Fuertes-Gutiérrez and Ferndndez-Martinez, 2010; Vasiljevi¢ et al., 2011; Ferrero

Frontiers in Earth Science | www.frontiersin.org 1

March 2022 | Volume 10 | Article 864760


http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2022.864760&domain=pdf&date_stamp=2022-03-25
https://www.frontiersin.org/articles/10.3389/feart.2022.864760/full
https://www.frontiersin.org/articles/10.3389/feart.2022.864760/full
http://creativecommons.org/licenses/by/4.0/
mailto:paola.coratza@unimore.it
https://doi.org/10.3389/feart.2022.864760
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2022.864760

Morino et al.

et al., 2012; Migon and Pijet-Migon, 2016; Moufti and Németh,
20165 Szepesi et al., 2017), national (e.g., De Wever et al., 2015;
Chlachula, 2020), and international (Wimbledon and Smith-
Meyer, 2012; Larwood et al., 2013; Reynard and Coratza, 2013;
Woo, 2017; Finney and Hilario, 2018) initiatives up to UNESCO
Geoparks and to UNESCO World Heritage sites (De Vries et al.,
2018; Reynard and Brilha, 2018), and advances in the cooperation
between scientific researchers, public-policy makers and
environmental conservationists (Brocx and Semeniuk, 2007;
Henriques et al., 2011; Brilha, 2018).

Despite landslides being an ubiquitous phenomenon on Earth
and having their environmental and hazardous impact been
vastly documented (e.g., Petley 2012), residents of local
communities generally tend to neglect or underestimate their
risk (e.g., Nathan 2008). The urge of a better communication of
landslides nature and impacts to society derives not only from the
evidence of their disastrous consequences for human lives and
infrastructures, but also for their scientific, educational, socio-
economic, cultural and, perhaps paradoxically, aesthetic values
(Giordan et al.,, 2015; Alcantara-Ayala and Moreno, 2016).

As for any other geoscience area (De Vries et al., 2018; van
Wk de Vries et al., 2018; Guilbaud et al., 2020; Vereb et al., 2020;
Fepuleai et al., 2021; Geopoderes, 2022), the public should be
exposed to the latest scientific discoveries and most accurate
knowledge on landslides. This particularly applies when
significant scientific understanding on landslides brings
advances at national and international level, and when this
progress is achieved studying a meaningful site.

Education and public outreach allow great progress in any
geoconservation field (Németh et al., 2021) and contribute to
disseminate the importance of geoheritage (Reynard and Coratza,
2016). Therefore, raising awareness of students, politicians,
stakeholders, and the public on the scientific importance of
landslides, on their causes - including those directly and
indirectly induced by anthropic actions - on their impact in
shaping the landscape, and on their hazardous and economic
effects on society, can provide them with important knowledge
about how landslides can affect the environment and,
consequently, human life (e.g., Giordan et al, 2015). This
ultimately raises awareness on the long-standing issue of
landslide hazard management and benefits the development of
new sustainable preventing and mitigation actions.

Landslides can have a significant socio-economic impact: over
the past decades, socio-economic losses due to landslide events
have been rising (e.g., Highland et al., 1998; Guzzetti, 2000; Petley
et al., 2005; Peduzzi et al., 2009; Alimohammadlou et al., 2013)—
for example, the ratio of deaths per 10° people per year is
100 times higher in Central America than in North America
(Petley et al., 2005), and in the United States, landslides cause
between one and 3.6 billion dollars each year (Highland et al.,
1998), and have been classified and widely described (Winter and
Bromhead, 2012). These include fatalities and injuries, disruption
to infrastructure, and alteration to the access and use of transport
for trading, employment, health, educational and social activities
(Winter and Bromhead, 2012). Informing the population on the
vulnerability of local communities and infrastructures via
recreational and educational initiatives is one of the most

Landslides in the Geological Heritage

effective tools to convey to people knowledge on the hazard
and socio-economic impacts of landslides, and to involve them in
preventing and mitigation actions. A valuable example of this is
MurGame (murgame.ch), a free application that has been
recently released by the Swiss Federal Institute for Forest,
Snow and Landscape Research (WSL) that emphasises the
risks associated with debris flows and allows the player to
experience the effectiveness and economic impacts of different
mitigation measures.

Landslides are commonly associated to damage and disaster,
particularly immediately after their occurrence, when their
destructive effects on land are evident. However, they do have
cultural and aesthetic values that can be exploited by the
recognition of geosites and by the creation of geoitineraries,
combining leisure and education purposes. The scenic beauty
and historical and environmental value of landslides and the
landscapes in which they are present can aid to the development
of sustainable tourism. Showing how landslides form, their
different types, their age and the consequences of their
emplacement can promote the understanding of the close
interconnection between landslides-environment-society. There
are stunning cases where landslide and culture meet
harmoniously, such as in Bomarzo (Italy), where landslide
accumulation material was used to create a historic garden
with allegoric sculptures (Margottini, 2013).

This paper aims at promoting landslides as key landform in
the global geological heritage. We perform a systematic literature
review of how landslides are defined as geo(morpho)sites and/or
as part of geoheritage around the world. We then identify three
aspects that can be considered in the recognition and
identification of a landslide as a geo(morpho)site. These
aspects are 1) past and present climate changes, 2) anthropic
signature, and 3) risk perception. We emphasise the importance
of such aspects by exploring four cases of famous and spectacular
landslides: the Frank Slide (Canada), the Vajont landslide (Italy),
the Aoraki/Mount Cook landslide (New Zealand) and the
diffused landslides of north-central Iceland, and the Island of
Malta.

IDENTIFICATION OF LANDSLIDES AS
GEOMORPHOSITES

Values and Criteria to Define Landforms as

Geomorphosites

The concept of geoheritage, in its current form in terms of scope
and objectives, is relatively new and in the late 20th century has
received an increasing interest, both in conservation and tourism
sectors. In particular, geomorphological heritage embraces
landforms and processes that are worthy of being protected
and transmitted to the future generations, as they play a key
role in the understanding of Earth history, and are linked to the
biological and the cultural heritage (Reynard, 2016).

The definition of geomorphosites (Panizza, 2009) and their
values have been much debated in the geomorphological
community (e.g., Coratza and Hobléa, 2018 and references
therein) and more in general in the geological community
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TABLE 1 | The criteria and image.png indicators to assess the definition of the main values for the identification of a landform as geomorphosite.

Value

Scientific value

Criteria

Representativeness (or Model of geomorphological evolution) (exemplarity in a given area)

Integrity (state of conservation of a landform)

Rareness (rarity of a site with respect to a References space)

Scientific knowledge (existence of published scientific studies about the geosite)
Palaeogeographical value (importance of a site for Earth or climate history)

Additional value Ecological value

Aesthetical value

Cultural value

Potential for use

(Brilha 2016, 2018 and references therein). According to Panizza
and Piacente (2003), a geomorphosite is defined as “a landform
with particular and significant geomorphological attributions,
which qualify it as a component of a territory’s cultural
heritage (in a broad sense)”. The attributes that may confer
value to a landform are many, they are interrelated and
interdependent, and may sometimes overlap and conflict. The
terminology of values and attributes used in geomorphosite
inventories and the assessment methodologies differ by
authors and are not standardised. According to Reynard
(2009) and Coratza and Hobléa (2018), two main groups of
values for geomorphosites’ selection and assessment can be
distinguished: 1) Scientific value: this is directly related to the
scientific aspects of the sites from a geomorphological point of
view; generally, the scientific value is the key or central value; 2)
Additional values: these can be aesthetic, ecological and cultural,
and highlight the links between geomorphology and other aspects
of culture and nature. Among these, the ecological value is
particularly important, as it can greatly contribute to increase
the scientific meaning of a geosite (Pelfini and Gobbi, 2005;
Garavaglia et al, 2010; Pelfini et al, 2010). Some authors
(Reynard et al., 2007; Zouros, 2007; Bollati et al., 2012, 2013;
Fassoulas et al., 2012) also consider the economic value, partially
overlapping with its potential for use in educational (formal and
informal) and geotourism-recreational contexts. Some studies
(Mocior and Kruse, 2016; Gordon et al., 2021) also report on
the functional value of landforms in providing the essential
substrates, habitats, abiotic processes and cultural services that
maintain physical and ecological systems at the Earth’s surface
(Gray, 2004). Gray (2011) and Gray et al. (2013) refer to them as
geosystem services. Despite many methods reported in literature
about the evaluation of sites, the scientific literature reveals that
there is still a great debate concerning values and the different

Nature 2000 site designation
Presence of interesting flora and fauna
Geomorphological features determine the ecosystems
Panoramic quality

Colour diversity

Vertical development

Naturalness

View points

Artistic and/or literature importance
Geohistorical importance

Historical importance

Religious importance

Accessibility

Services

Visibility

Educational potential

QOutreach potential

criteria and indicators to be used in geosite identification and
assessment. Different values are usually assessed, qualitatively or
quantitatively, based on the criteria and indicators summarized in
Table 1.

Landslides as Geomorphosites and as Part
of the Geoheritage Worldwide

To survey how previous research approached the subject of
landslides as geomorphosites and as part of the geoheritage,
we performed a systematic literature research. Google Scholar,
Scopus and Web of Science were searched from inception until
15" December 2020 using the keywords “landslide”, “mass
movement”, “slope instability”, “rock avalanche”, “rock fall”,
“debris flow” in combination respectively with “geosite”,
“geoheritage”, “geodiversity”, “geomorphosite”, “geopark”,
“national park”, “geotourism”, “geoitinerary” (Figure 1).

We then selected the publications according to their relevance
to the topic. We considered publications in English. In addition,
we performed a manual search of the reference lists of the
publications found. We then classified the publications into
the categories “Direct link” and “Indirect link”. In the category
“Direct link” fall studies that consider landslides as geosites or
that find landslides being important for the geological heritage
and/or from a geological perspective. This category has been
subdivided into three sub-categories, depending on whether the
publication 1) clearly identifies a landslide or different examples
of “landslides as geosites/geomorphosites”, or 2) recognises the
value of a landslide or different examples of “landslides in the
geoheritage”, or 3) lists a landslide or different examples of
“landslides among the features of interest” that aid to define a
site of geological interest for the scientific community and the
public (Table 2). In the category “Indirect link” fall studies where
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|STEP 1 - Literature survey |

Landform and process keywords
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Geodiversity
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|STEP 2 - Literature classification|

Categories

Sub-categories
|Landslides as geosites|

_—

|Landslides in the geoheritage]

T~ |Landslides among the features of interest|

FIGURE 1 | Workflow for literature survey and classification.

landslides are considered and discussed because of the hazardous
impact that they can have on geosites, geomorphosites,
geoitineraries, parks and locations that are of public interest
for their geological and geomorphological aspects (Figure 1;
Table 2). We are aware that our survey might have
overlooked some references where landslides are marginally
cited for their relevance in the geoheritage (e.g., Pérez-Umana
etal,, 2019, 2020; Migon and Pijet-Migon, 2020; Quesada-Romdn
et al., 2020), but because excluded by the web search engines for
scholarly literature that we have adopted—probably because
“landslide” in either the abstracts nor in the
keywords, we have not integrated them in our study.

We mapped the geographic position of the study sites of the
publications that record a Direct or an Indirect link between
landslides and the geological heritage on the world map
(Figure 2A). The predominance of studies addressing the
topic of landslides in the geoheritage is in Europe (Figures
2B,C), with 47 sites with a Direct link between landslides and
the geoheritage and 5 with an Indirect link. In the Asian continent
there are 5 sites with a Direct link and 9 with an Indirect link. In
the Americas we found 3 studies with a Direct link between
landslides and the geoheritage and 1 study with an Indirect link.
Finally, Africa and Oceania are the areas with the least number of
studies dealing with the topic of landslides in the geoheritage,
with 1 study that we classified as with Direct link and 1 with
Indirect link each.

was not

Despite the highest concentration of studies on landslides as
geosites and as part of geoheritage concerns mass movements in
Europe, the numbers of studies addressing this topic worldwide
do not reflect the scientific, educational, socio-economic, cultural
and aesthetic importance and impacts that slope mass
movements have globally. The reasons why Europe is the
continent with the highest number of studies addressing the
topic of landslides as geosites and as part of geoheritage are
various. Europe has a long tradition in the study and
dissemination of geoheritage (Burek and Prosser, 2008;
Erikstad, 2008; Wimbledon and Smith-Meyer, 2012). Over the
last sixty years the interests in geoheritage and geoconservation
has increasingly grown in European countries (Prosser, 2013). In
the United Kingdom, the first systematic approach to
geoconservation endorsed by legislation was instituted in 1949
(Thomas and Cleal, 2004). Geoparks have been promoted in
Germany since the beginning of the 1990s (Frey et al., 2006).
Special laws for the conservation of geoheritage were enacted in
Romania since 1930s’ (Wimbledon and Smith-Meyer, 2012) and
in Italy, from 2000s’, the Italian Geological Service has produced a
national register of geosites. The continuous and synergistic work
of specialists from universities, research institutions and non-
governmental organizations in Europe allowed the identification
and formal recognition of protected areas for their geological and
geomorphological significance, culminating in 1993 with the
establishment of ProGEO as European association for the
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TABLE 2 | Studies reporting on sites that show Direct or Indirect link between landslides and the geological heritage.

Authors Number of sites Classification criteria Continent  Link to geoheritage
Amrikazemi and Mehrpooya (2006) 1 Landslides among features of interest Asia Direct Link
Barmuta (2011) 1 Landslides among features of interest Europe Direct Link
Binal and Ercanoglu (2010) 1 Landslides as hazard Asia Indirect Link
Borgatti and Tosatti (2010) 1 Landslides as hazard Europe Indirect Link
Bouzekraoui et al. (2018) 1 Landslides as geosites Africa Direct Link
Calaforra and Fernandez-Cortés (2006) 3 Landslides among features of interest Europe Direct Link
Calcaterra et al. (2014) 1 Landslides as geosites Europe Direct Link
Cappadonia et al. (2018) 2 Landslides among features of interest Europe Direct Link
Chrobak and Cebulski (2014) 1 Landslides as geosites Europe Direct Link
Chrobak (2016) 1 Landslides as geosites Europe Direct Link
Citiroglu et al. (2017) 1 Landslides among features of interest Asia Direct Link
Cocean et al. (2019) 13 Landslides as geosites Europe Direct Link
Coratza and De Waele (2012) 3 Landslides as geosites/geoheritage elements Europe Direct Link
Coratza and Hobléa (2018) 1 Landslides among features of interest Europe Direct Link
Del Monte et al. (2016) 1 Landslides among features of interest Europe Direct Link
Faccini et al. (2018) 1 Landslides among features of interest Europe Indirect Link
Fepuleai and Németh (2019) 1 Landslides as hazard/geoheritage elements Oceania Direct Link
Frodella et al. (2020) 1 Landslides as hazard Asia Indirect Link
Fukuoka et al. (2005) 1 Landslides as hazard Asia Indirect Link
Fukuoka (2014) 2 Landslides as hazard Asia Indirect Link
Gatas et al. (2018) 1 Landslides as geosites/among features of interest Americas Direct Link
Garcia et al. (2019) 1 Landslide as geosites Americas Direct Link
Ghislain et al. (2014) 1 Landslides as hazard Africa Indirect Link
Ivchenko and Gerasimenko (1999) 1 Landslides as geosites Europe Direct Link
Jianjun et al. (2006) 1 Landslides as geoheritage elements/among features of interest Asia Direct Link
Kubalikova and Kirchner (2016) 1 Landslides as geosites/among features of interest Europe Direct Link
Margielewski and Alexandrowicz (2004) 2 Landslide as geosites/geoheritage elements Europe Direct Link
Margottini and Vilimek (2014) 2 Landslides as hazard Asia Indirect Link
Migon and Pijet-Migon (2019) 1 Landslide as geosites/geoheritage elements Americas Direct Link
Niculita and Méargarint, (2018) 10 Landslide as geosites/geoheritage elements Europe Direct Link
Nix and Marinoni (2006) 1 Landslides as hazard Europe Indirect Link
Panizza (2009) 1 Landslides as geoheritage elements Europe Direct Link
Purdie et al. (2015) 1 Landslides as hazard Oceania Indirect Link
Ravanel et al. (2014) 3 Landslides as geosites Europe Direct Link
Sassa et al. (2009) 1 Landslides as hazard Americas Indirect Link
Sassa (2015) 1 Landslides as hazard Asia Indirect Link
Serrano et al. (2011) 1 Landslides among features of interest Europe Direct Link
Smith et al. (2011) 1 Landslides as hazard Europe Indirect Link
Tognaccini (2019) 1 Landslides as geosites Europe Direct Link
Tosatti (2008) 1 Landslides as hazard Europe Indirect Link
Wang and Tian (2014) 1 Landslide as geosites/geoheritage elements Asia Direct Link
Wang et al. (2019) 1 Landslides as hazard Asia Indirect Link
Wang (2015) 1 Landslide as geosites/geoheritage elements Asia Direct Link

Landslides in the Geological Heritage

geoconservation and with the creation of the European Network
of Global Geoparks (Henriques et al., 2011; Wimbledon and
Smith-Meyer, 2012). Landslides are a severe problem for society
and infrastructures in many parts of Europe (Leshchinsky et al.,
2017; Herrera et al., 2018; Schlogl and Matulla, 2018). There are
certain areas of the continent that are most exposed to landslide
hazard. Different studies (Van Den Eeckhaut and Hervds, 2012;
Jaedicke et al., 2014) show that landslide hazard in Europe is not
ubiquitous, and some countries are much more seriously affected
than others, as landslide occurrence depends on different factors
related to topography, geology, climate, land cover, and human
and environmental assets. For example, Italy has the 20% of the
total amount of people in Europe exposed to landslide hazard
(Jaedicke et al, 2014), but it has established risk mitigation
strategies in place. In Romania, landslide events are less
common, and even if the hazard is low-medium, consequences

of landslide events are most severe (Balteanu et al., 2020).
Furthermore, Europe has a long historical record of landslide
events, having the ancient European populations produced a
legacy that can record natural disasters (Migon and Pijet-
Migon, 2019).

Even though we included the keyword “national park”, our
survey led us to find only 1 study with a Direct link in North
America, which could seem curious, given the highly developed
network of National Parks in the US (National Park, 2022) and in
Canada (National Parks of Canada, 2022), their known published
landslide case histories, and the entire variety of landslide types
affecting their vast territories. Furthermore, this could apply to
the other continents. However, despite North America having
numerous striking examples of landslides, and despite them being
present in National Parks’ territories, these landslides are not
considered geosites sensu stricto. Our survey indicates that further
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FIGURE 2 | (A) World Map of the study sites in publications that record a Direct or an Indirect link between landslides and the geological heritage. Base map from
World Imagery provides satellite and aerial imagery worldwide, and features imagery from Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User Community. (B) Map of the study sites in publications that record a Direct or an Indirect link between landslides and the geological
heritage in Europe. (C) Column chart of the number of study sites by continent in publications having a Direct or an Indirect link between landslides and the

efforts should be put to appraise, develop, and protect landslides
as officially recognized geo(morpho)sites worldwide.

IDENTIFICATION OF LANDSLIDES AS PART
OF THE GEOHERITAGE

Landslides: Neglected Landforms in the
Geoheritage

Landslides are landforms already considered in the global
geoheritage, but they have received scarce attention from the
international landslide scientific and geoheritage community so
far. Only four sites with landslides are found in the UNESCO
World Heritage List (i.e., Swiss Tectonic Arena Sardona;
Dolomites; Tajik National Park; Pitons, cirques and ramparts
of Reunion Island); they all comprise landslides among various
landforms that contribute to represent the cultural and natural
diversity of the sites. There are other cases of UNESCO World
Heritage Sites, such as the Dorset and East Devon Coast in the
United Kingdom, that have been recognised for their outstanding
combination of geological and geomorphological features,
including landslides, and that meet the criteria to be globally
important landslide-geosites. The Dorset and East Devon Coast
site has a long history of research (Brunsden and Edmonds, 2009;
May 2015; Mortimore, 2019), evident scenic value, is well-known
to the public, has inspired artists’ production (Gallois, 2010;
Jurassiccoast, 2022), and yet landslides of this site (Allison,
2020) are not highlighted in the description of the World
Heritage properties. This dearth is not due to a lack of
scientific interest. The reasons are multiple, and firstly are
probably to be found in the supposed lack of aesthetic appeal
of landslides, as their beauty and significance are probably more

difficult to be perceived by untrained eyes (visitors and tourists).
Undoubtedly, there are many landforms on Earth that are more
attractive to the human eye. However, seemingly unattractive
objects may appear very interesting when examined in detail and
become very useful for popularising geology and geomorphology,
and for raising awareness on this kind of potentially hazardous
processes and the natural and human-induced causes that
determined them. Also, landslides might have been overlooked
because of the absence of clear guidelines on the criteria to define
a landform for its outstanding universal value.

Landslides are of high geomorphological significance and are
among the few landforms that tell stories about landscape evolution
and environmental changes both at human and geological timescale.
Furthermore, there are numerous examples of spectacular landslides
around the globe and/or that are located in scenic settings, as we show
in Examples of Landslide Geomorphosites Worldwide Section. It is also
worth to point out that the educational aspects that can derive from
the visit to a landslide do not necessarily need a breath-taking site to
be fully perceived. Besides, landslides can be better appreciated from
view-points, as they can be seen in their whole or their majority, they
can be contextualised in the setting in which they developed, and, if
still active, distance can prevent hazardous situations for the site users.

In this section, we examine three aspects that can be crucial in
defining landslides as geomorphosites, namely 1) present and
past climate changes, 2) anthropic signature, and 3) risk
perception. These three aspects are mutually dependent and
extremely topical, as seen in the very recent extreme events of
Chamoli (India) and Elliot Creek (Canada) landslide-flood
cascades (Geertsema et al., 2020; Kropacek et al., 2021; Shugar
et al,, 2021; Van Wyk de Vries et al., 2021). Landslide formation
strictly depends on climate variations, which in present and past
times are one of the major controlling factors in landscape
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modelling. In the Sixth Assessment Report of the United Nations
Intergovernmental Panel on Climate Change (UN IPCC), it is
highlighted that warming temperatures may cause an increase in
the frequency and intensity of heavy rainfall and the degradation
of the cryosphere, consequently intensifying the risk of landslides
in many mass-movements prone areas. Landslides threaten
human settlements and infrastructure in various environments,
but risk implications are often underestimated by local
communities, who are not sufficiently involved in the
processes of risk management and mitigation, not being
adequately informed on the landslide nature, consequences
and causes. Among the latter, anthropic activity is one of the
most impactful triggers for landslide initiation and development,
with disastrous consequences on the environment and human
beings and infrastructures. Therefore, climate changes in present
and past times, anthropic signature, and risk perception are
aspects that need to be considered to define a landslide as a
geomorphosite.

Past and Present Climate Changes

Climate changes condition Earth surface processes and landforms
in space and time. Landscapes and environments are not only
altered by contemporary changes, but they were also affected by
changes in the past (e.g., Thomas, 2008; Wobus et al., 2010;
Brown et al., 2017). Landslides are one of the geomorphological
responses to varying climatic conditions over decades and longer
timescales (e.g., Borgatti and Soldati, 2010a; Borgatti and Soldati,
2010b; Crozier, 2010; Gariano and Guzzetti, 2016; Panek, 2019;
Patton et al., 2019). Paleolandslides due to the consequences of
past climate changes still impact the landscape today (e.g., Kuhn
et al,, 2020), and they are important in understanding how
climate, physical processes, and landscapes have changed in
the past. Paleolandslides are also crucial in allowing the
evaluation of future changing scenarios over different temporal
and spatial scales, particularly because they have a nonlinear
response to environmental changes. Many studies have tried to
identify the different causes of paleolandslides over past-changing
climates. During the Late Glacial-Holocene, paraglacial
landsliding occurred as indirect consequence of deglaciation
(Cossart et al., 2008; Borgatti and Soldati, 2010a; McColl,
2012; Ballantyne et al., 2014; Mercier et al,, 2017; Hermanns
et al, 2017). Different studies highlight the role of precipitation
and temperature variability throughout various timescales in
affecting frequency and magnitude of mass movements in the
past (e.g., Bookhagen et al., 2005; Borgatti and Soldati, 2010a;
Stoffel and Huggel, 2012; Stoffel et al., 2014). Therefore,
awareness of the temporal dimension of landslide effects is
essential to understand past changes and to predict future
landscape trajectories through a “learning from the past”
approach (e.g., Dearing et al., 2006, 2010; Brown et al., 2012).
As documented in paleoenvironmental records, changes in
dynamic systems as those affected by mass movements may be
inevitable, so an understanding of the geomorphological effects of
such landslides under changing climatic conditions is key from a
geoheritage perspective (Thomas, 2001; Burt et al., 2002; Prosser
et al., 2010; Micu et al., 2021).

Landslides in the Geological Heritage

Unanswered questions exist regarding the link between
landslides and the ongoing climate change (Crozier, 2010;
Korup et al., 2012; Gariano and Guzzetti, 2016). The Sixth
Assessment Report of the UN IPCC states that projected
increased extreme precipitation may potentially lead to
cascading consequences, including landslides. The potential for
landslides may be exacerbated with total precipitation rates,
precipitation intensity, mountain permafrost thaw rates, glacier
retreat and air temperature (Crozier, 2010; Huggel et al., 2013;
Gariano and Guzzetti, 2016; Masson-Delmotte et al., 2021). Many
studies focus on rainfall as the trigger for landslides (Caine, 1980;
Larsen and Simon, 1993; Wieczorek and Glade, 2005; Guzzetti
etal,, 2008). Varying frequency or magnitude of precipitation can
affect infiltration rates and pore-water pressures, impacting on
slope stability. According to Haque et al.,, 2019, extreme rainfall
linked to climate change is contributing to a higher number of
deadly landslides worldwide. Current climate change might also
impact slope stability by altering rates of physical and chemical
weathering (Davies et al., 2001; Arenson and Springman, 2005;
Harris et al., 2009; Gramiger et al., 2018). Cryospheric terrain in
mountainous regions are the most susceptible to slope stability
issues (e.g., Seemundsson et al., 2021), as warming temperature
cause permafrost and/or glacial ice to degrade (Paul et al., 2004;
Harris, 2005; Deline et al., 2015; Huss and Hock, 2015; Pastick
etal., 2015; Kos et al., 2016; Seemundsson et al., 2021, 2018; Zemp
et al,, 2019; Magnin et al., 2019; Morino et al., 2019, 2021) These
changes, if maintained or worsen, can have significant
implications for the prevention, mitigation and adaptation
strategies, sustainable development and geoheritage conservation.

In the last two decades, the literature on landslides as part
of geoheritage has considered the link to climate change only
for its negative impact on geomorphosites conservation (cf.
references in Table 2 classified with “Indirect Link” in “Link
to geoheritage” column). Undoubtably, addressing the
potential impacts of climate change on geoheritage features
is a priority. However, here we highlight the importance of
adding climate-change aspects within the scientific value
parameters (cf. Table 1) to be used in the identification of
landslides as geomorphosites. Emphasising this aspect may
aid in increasing awareness of the public with respect to the
influence of past, present and future climate changes on slope
instability and related risk implications. The knowledge on
when, where and how ancient, historical and recent landslides
develop consequently to variations in climate can be
disseminated to the general public and decision makers
with multiple scopes: 1) to show that landslides formed
after past climate changes are still observable in the present
landscape where humans and other forms of life live; 2) to
convey the concept that the current climate crisis has a
tangible and often hazardous impact, and therefore it is not
a distant and abstract threat; 3) to enhance adaptive capacity.

Anthropic Signature

Landslides can be often induced by human activities, which can
be modifications of the topography, hydrogeological
perturbation, surface water-flow modifications, land-use
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change and degradation, inappropriate and degraded
infrastructures, blasting and vibrations (Bazin, 2011;
Jaboyedoff et al, 2018). Landslide hazard and vulnerability
levels have increased in areas prone to landsliding (Lazzari
et al., 2006; Nicolet et al., 2013) due to the expansion of
economic, technological and population development (e.g.,
Remondo et al., 2005). Dataset on fatal non-seismic landslides
worldwide in the period 2004-2016 shows that landslide
occurrence triggered by human activity is increasing, therefore
human disturbance may affect more future landslide incidence
than climate (Froude and Petley, 2018). This is evident also at
local scale. For example, in the Urseren Valley in the Central
Swiss Alps, landslide area has increased by 92% in 45 years
because of human-induced changes in climate and land use
(Meusburger and Alewell, 2008). Optical remote sensing data
analyses have revealed an increased landslide hazard after
deforestation and road construction in densely populated
tropical mountain regions (Guns and Vanacker, 2013;
Vanacker et al.,, 2013).

The traumatic consequences of natural disasters on
psychological ~responses and mental health are well
documented (e.g., Pennebaker and Harber, 1993; Norris, 2005;
Benedek et al., 2007), but intergenerational transmission of the
memory of disasters directly linked to human actions has been
less studied. Creating landslide geomorphosites that collect the
lessons learned from mass movements induced by anthropic
activities can raise among inhabitants and
stakeholders of the potential harmful effects of human actions,
and of the importance of land-planning and management for
prevention and reduction of landslide risk. The anthropic
signature is part of the scientific value (cf. Table 1) to define a
landslide as a geomorphosite. It is an aspect that can emphasise
the role of human activities in landslide onset, as well as the social
and economic impacts that human activities themselves can
suffer from landslide occurrence.

Conversely, anthropic signature can be interpreted as human
actions impacting a landslide site by making it accessible and safe.
This characteristic and the human activities among the causes of
landslides make the anthropic signature a unique aspect for the
definition of landslides as geo(morpho)sites: the role of humans
come before the landslide event by being one of the triggers and
after the event by ensuring the safe use of the landslide site.
Therefore, the anthropic signature can be a fundamental aspect in
various moments of the history of the landslide and emphasise its
scientific value in a two-way manner.

awareness

Risk Perception

Landslide risk—as the anticipated degree of damage, loss and/or
costs associated to a specific landslide event—is of major concern at
national and international levels, because of the threat to life and
livelihood that landslides pose (Glade and Crozier, 2010; Salvati et al.,
2010, 2012). It is crucial that those who might be affected are
provided with knowledge, made aware of the risk, and are involved
in decisions about risk management, as these actions can aid to
increase the resilience of a community. In this perspective, risk
perception plays a decisive role in the way dwellers coexist with the
risk of potential landslide events (Tulloch and Lupton, 2003).

Landslides in the Geological Heritage

In general, perception of risk depends on the judgement of an
individual of a particular risk (Renn, 1992; Rohrmann and Renn,
2000), which in the case of landslides can be influenced and varied
by factors such as experience of previous landslide events,
psychological, social and cultural values (Fischhoff et al., 1983;
Morgan et al., 2001; Garrick and Gekler, 2013). These cause a
discrepancy between reality and risk perception and variations
of risk perception among different persons. Alarmingly,
perception of risk related to geo-hydrogeological events
(i.e., landslides and floods) does not match the real risk
posed to the population by these phenomena (Salvati et al.,
2014; Calvello et al., 2016). This gap between risk perception
and the real risk posed to local communities by landslides
should be reduced via incisive actions of education and
communication. This need has been reiterated by many
studies on landslide risk perception (Ardaya et al, 2017;
Gravina et al,, 2017), as informing, educating, exchanging
experience, and involving the civil society in the decision
processes are crucial to build awareness, with the ultimate
aim for institutions and stakeholders to protect their local
communities in areas susceptible to landslides.

In particular, to improve the perception of risk and to motivate
locals to participate in the process of risk prevention and
mitigation, the nature and potential consequences, the
different aspects of local interests that could be directly
and indirectly affected (Ardaya et al., 2017), but also the

possibility, efficacy and cost of preventive actions
(Grothmann and Reusswig, 2006; Galve et al., 2016) should
landslide events occur must be clearly listed and
communicated.

Introducing risk perception as a value for defining landslides
as geomorphosites could be a win-win strategy for landslide-
risk reduction and management purposes. Having experienced
landslide events or another natural hazard event, knowledge of
the local geology and geomorphology, and spending time
outdoors are factors that significantly increase risk
perception (Damm et al, 2013). These can almost all be
experienced by accessing a landslide geomorphosite, which
can also compensate the lack of the non-desirable experience
of a landslide event in a positive way. A landslide
geomorphosite can convey information into a form
comprehensible to nontechnical users (Giordan et al., 2015),
such as the expected likelihood of a landslide event of a certain
magnitude at a certain location under certain conditions, and
the estimated effects of a landslide event on people, structures,
socio-economic activity, and surrounding environment.
Communicating  these  elements via a landslide
geomorphosite can make people aware of the risk, more
prepared to this type of threat, and willing to participating
and supporting policymaker decisions. This is because it has
been seen that dissemination campaigns can build more
resilient communities (Landeros-Mugica et al., 2016; Righi
et al, 2021), promote an inclusive and sustainable
collaboration among stakeholders and citizens, who are
more likely to integrate with their acquired knowledges
those of stakeholders and decision-makers, participate in
decisions on land development planning, and positively
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located at the edge of the slide deposits. Images are from Google Earth.

FIGURE 3 | Aerial (A) and oblique (B) view of the Frank slide, which detached from Turtle Mountain on 29th April 1903; today the Frank Slide Interpretive Centre is

Frank Slide..-

Interpfetive"Cenire-

accept regulation introduced to mitigate natural risks (e.g.,
Hernandez-Moreno and Alcdntara-Ayala, 2017).

EXAMPLES OF LANDSLIDE
GEOMORPHOSITES WORLDWIDE

In this Section, we list four different cases of landslides around the
world that embody the aspects presented in Identification of
Landslides as Part of the Geoheritage Section, namely past and
present climate changes, anthropic signature, and risk perception.
We have chosen these examples because of their great scientific
value, testified by the vast number of publications regarding them,
for their iconicity among the landslide scientific community, and
because of their spectacular scenic beauty.

The Frank Slide, Canada

The Frank Slide is located on the east slope of Turtle Mountain in
southwest Alberta, Canada (Figure 3). The landslide occurred on
29th April 1903 at 4:10 am local time, and destroyed part of the
mining town of Frank, killing more than 90 residents (McConnell
and Brock, 1902; Cruden and Krahn, 1973; Cruden and Hungr,
1986). It deposited a debris sheet of ~37 x 106 m? (Nicoletti and
Sorriso-Valvo, 1991) over an area of ~2.7 km? (McConnell and
Brock, 1902), with an average thickness of 14 m (Cruden and
Hungr, 1986). It consists mainly of limestone of Paleozoic age
(Pedrazzini et al., 2011). The Turtle Mountain unstable geological
structure was the main preparatory factor for the failure (Cruden,
2004). Fluvial erosion, water action in summit cracks, and
unusual weather conditions contributed to the disaster (Beaty,
1987; Cruden, 2004), while underground coal mining remains to
be precisely evaluated as a triggering factor (Cruden et al., 2009).

Turtle Mountain has been subject to tens of studies (Charriere
et al, 2016 and references therein), many of which are recent
(Theune et al., 2006; Jaboyedoff et al., 2009; Humair et al., 2013;
Froese and Moreno, 2014), which demonstrates the still alive
scientific interest around this site.

The slide is now a Provincial Heritage Site, and along the
northwest edge of the fan sits the Frank Slide Interpretive Centre
(Government of Alberta, 2022; Figure 3), where tourists are
welcomed and can view the slide from several telescope
stations along a walking path running around the centre. To
monitor further potential movements, the Turtle Mountain
Monitoring Project put in place a long-term deformation,
microseismic, hydrological and climatic monitoring systems
(Read et al., 2005).

Despite the Interpretative Centre prolifically diffusing a
culture of hazard prevention (Read et al., 2005; Cruden et al,
2009; Vallee, 2019) and successfully receiving visitors, the site has
never been subject of scientific articles considering the slide as a
geomorphosite. The Frank Slide is a site highly valuable in terms
of geomorphology, history, natural hazard, scientific research and
local tourism. Additionally, in view of the new values to define a
landslide geomorphosite that we have listed and described in
Identification of Landslides as Part of the Geoheritage Section, we
consider this site an exceptional example of landslide
geomorphosite with a high “Risk perception” value (Table 3).
Visitors to an already well-established heritage site can know not
just about the geology, geomorphology, scientific importance and
history of this unique landslide, but also be informed about the
risk that such phenomena pose to inhabited regions, so that their
risk perception can be therefore enhanced. Such a geomorphosite
can convey the idea of the danger posed by these phenomena
because of the sadly well-known dramatic toll on lives taken by
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TABLE 3 | The chosen landslide examples showcasing the new values for the identification of a landslide geomorphosite.

Past and present climate changes

The Frank Slide (Canada)
The Vajont landslide (ltaly)

Aoraki/Mount Cook (New Zealand) v
Diffused landslides in Tréllaskagi (Iceland) v
Diffused landslides in the Island of Malta v

this slide—the Frank Slide is known as the deadliest landslide in
Canada—and because visitors become aware that there is an
active interest in monitoring and preventing landslide risk in the
area via the Turtle Mountain Monitoring Project.

The Vajont Landslide, ltaly

On 9th October 1963 at 10:39 pm local time, a mass of
approximately 270-300 million m® of rock and debris
detached from Mount Toc, Dolomites, northeast Italy, and
collapsed into the artificial lake created by the 262m high
double curved arch dam built across the Vajont valley. The
wave overtopped the dam, destroying seven villages in the
Piave River Valley and killing almost 2000 people (Giudici
and Semenza, 1960; Ciabatti, 1964; Semenza and Ghirotti,
2000; Genevois and Ghirotti, 2005; Semenza, 2011; Delle Rose,
2012; Superchi, 2012). It is the deadliest landslide event in Europe
in recorded history. The Vajont event was a human-induced
disaster, as it was caused by failures of experts, who provided
inadequate assessment of the possible consequences of damming
the valley (UNESCO, 2008).

The Vajont dam is now easily accessible to visitors, who can
also visit in Longarone, the first village to be destroyed by the
wave, the Museo Longarone Vajont—Attimi di Storia (Museo,
2022). The Vajont landslide (Figure 4) is an outstanding case for
a landslide geomorphosite. It has a unique scientific importance,
as the complex geology and geomechanics of the landslide have
been debated since the occurrence of the event (Hendron and
Patton, 1985; Massironi et al., 2013; Paronuzzi et al., 2013; Wolter
et al,, 2016; Dykes and Bromhead, 2018), which was a turning
point in the technical-scientific knowledge of landslides
(Genevois and Prestininzi, 2013). The Vajont landslide fulfils
two of the values that we have identified for landslide
geomorphosites, namely risk perception and anthropic
signature (Table 3). On the risk perception side, the Vajont
landslide can aid in transmitting knowledge about the risks
deriving from such cascading events to visitors. Moreover, it
can convey that strengthening the collaboration between local
communities, technicians and stakeholders is essential during
territorial planning and management, as the opposing voice of
inhabitants—who knew about the instability of Mount Toc—to
the dam project remained unheard (Bianchizza and Frigerio,
2013). Since it has been demonstrated that the collective memory
of the Vajont disaster seems to diminish for people not directly
exposed and between generations (Raccanello et al., 2019a),
promoting the landslide as a geomorphosite could improve
and extend in time the risk perception of such catastrophic

Risk perception Anthropic signature

v
v

phenomena at local and wider levels. The anthropic signature
is another tool to amplify the concept of awareness and memory
of past disastrous landslides: the extensive scar visible from
distance, the huge landslide body, and the dam of the Vajont
valley stands as reminder of how frequency, intensity, and
especially impact of landslides can be heavily conditioned by
anthropic actions. The Vajont landslide has received a permanent
attention from the scientific community for nearly 60 years, so we
propose as the final outcome of all the knowledge gathered during
this time a better perceived landslide risk and awareness of the
anthropic signature on the environment by promoting the Vajont
as a landslide geomorphosite.

Aoraki/Mount Cook Landslide,

New Zealand

On 14th December 1991, a mass of 12 x 106 m® of rock and ice
detached from the east face of Aoraki/Mount Cook, New Zealand
(Figure 5). The landslide fell onto the Tasman Glacier, travelled
7.5km and passed less than 300 m from a mountain hut
(McSaveney, 2002; Huggel et al., 2010). The failure lowered
the summit of Mount Cook of ~30 m (McSaveney, 2002) and
has significantly affected the flow of Tasman Glacier (Quincey
and Glasser, 2009). In this area, large slope instability phenomena
are likely linked to active tectonic and climate change
(McSaveney, 2002; Allen et al., 2011; Allen and Huggel, 2013).
Rapid twentieth-century glacial debuttressing and permafrost
warming are thought to have a role in the recent slope
movements affecting the Southern Alps of New Zealand
(McSaveney, 2002; Allen et al, 2009). It has been observed
that unusually warm temperatures occurred days before the
Mount Cook event, followed by a sudden drop in
temperatures (Huggel et al, 2010). Mount Cook is a
spectacular example of how warming temperatures may affect
slope stability. The event from 1991 is not the only one in the area,
as numerous and frequent rock avalanches have recently affected
the Aoraki/Mount Cook area, with the last two occurring in 2013
and 2014 (Cox et al,, 2015; Dunning et al., 2015). The frequency
of these failures has been already indicated as concerning (Deline
et al,, 2022), and the management implications of the area in
terms of risks associated to rapid glacial recession have already
been identified (Purdie et al., 2020).

The area of the landslide hosts the Aoraki Mount Cook
National Park, which has a great natural, cultural and tourist
value, as it is home to New Zealand’s tallest mountain - Mount
Cook is an easily accessible mecca for outdoor lovers, and holds
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FIGURE 4 | Perspective view of the extensive scarp of the Vajont landslide (photo by C. Morino).

FIGURE 5 | Perspective view of the 1991 Mount Cook landslide (photo
by Lloyd Homer, GNS Science).

spiritual significance for the indigenous. The Aoraki/Mount Cook
is a perfect example of landslide geomorphosite showcasing the
climate change value at present time (Table 3). As extreme weather
events increase in frequency and magnitude due to global warming,
temperature-sensitive high-mountain areas might be increasingly
affected by large slope failures (e.g., Huggel et al., 2010, 2012; Stoffel
and Huggel, 2012; Stoffel et al., 2014). Therefore, it is crucial to
convey to visitors the message that among the cascading

consequence of the human-induced present climate change there
might catastrophic phenomena such as those in the Aoraki/Mount
Cook area, which can affect spectacular landscapes and pose at risk
lives and infrastructures. The opportunity for educating visitors on
the tangible consequences (glacial retreat) of climate change in the
Aoraki Mount Cook National Park (Department of Conservation/
Te Papa Atawhai, 2022) has already been successfully explored
(Purdie et al., 2020): visitors are aware of glacial recession and
climate change, and acknowledge the contribution of human activity
to global warming. Using the value of climate change to determine a
landslide geomorphosite such as Aoraki/Mount Cook would
strengthen an already well-established geosite and is a great
opportunity to bring to the attention of the scientific community
the importance of landslides in the geoheritage through a striking
example.

Diffused Landslides: Trollaskagi (Iceland)
and Malta

Not only single landslides can be identified as geomorphosites,
but also areas and regions widely affected by slope movements
have a high geoheritage importance, as they can convey the
concept that a certain landscape might be or have been in the
past prone to the development of frequent and/or numerous mass
wasting phenomena. In this subsection, we firstly recount on the
case of mass-wasting phenomena in the Trollaskagi peninsula,
northern-central Iceland, and then on the slope failures along the
northern coasts of Malta. Although these two case studies might
seem different for their geography, climate, geomorphology,
geological setting and history, they both show how the
consequences of past climate changes have caused large mass
movements that have shaped large regions.

Rock avalanches from the early Holocene are widespread in
north central Trollaskagi peninsula of Iceland (Figure 6),
particularly on slopes characterised by the weathered Tertiary
basalt formation (e.g., Einarsson, 1973; Whalley, et al., 1983). The
abundance of slope failures in these areas of Iceland has been
linked to post-glacial rebound (Cossart et al., 2014; Feuillet et al.,
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FIGURE 6 | Perspective view of one of the rock avalanches shaping the landscape of the Tréllaskagi peninsula. In the background, the slope is affected by several
slope failures, while in the foreground the depositional area extending to the plane is characterised by a hummocky morphology (photo by C. Morino).

FIGURE 7 | Perspective view of landslides along the coast of northern Malta (photo by M. Soldati).

2014; Coquin et al., 2015, 2016; Decaulne et al., 2016) in response
to fast deglaciation during the Late Weichselian, between 18 and
14 ka (Mercier et al., 2012; Mercier et al., 2017). Slope failures take
the form of Deep-seated Gravitational Slope Deformations
(DGSD) or rock avalanches, and it has been demonstrated
that the latter are initiated because gravitational spreading
acted as precursor for failures in paraglacial settings (Coquin
et al., 2016; Mercier et al., 2017).

The spectacular landslides in the Tréllaskagi peninsula have
deeply reshaped the local topographic slopes. These large-scale
gravitational phenomena are of unique kind because they testify
the consequences of past climate change (Table 3), being these
slope readjustments driven by debuttressing induced by Late
Weichselian deglaciation. This area of Iceland can be therefore
indicated as a landslide geomorphosite, allowing visitors to
admire the dramatic changes in the topography generated by
landslides. Geomorphologists and landslide experts should be

aware that also landslides that originated in the past must be
included in the geoheritage because they exemplify how
variations  of  climatic = conditions  generate  drastic
geomorphological changes in vast areas.

The northern coasts of the Island of Malta are affected by
several widespread landslides (Figure 7), mainly consisting of
rock spreads evolving into spectacular block slides that
characterise the geomorphological landscape, particularly
along its north-western coast (Devoto et al., 2012; Soldati
et al,, 2019). The occurrence of these landslides is mainly
controlled by tectonics, lithology and hydrogeology (Magri
et al., 2008; Mantovani et al., 2022), and failures have
developed through different stages related to post-glacial
marine transgression, with the oldest occurring at 21ka
(Soldati et al., 2018).

The area has been included in the UNESCO World Heritage
Tentative List and is located in the II-Majjistral Nature and History
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Park (Majjistral, 2022), a protected area with natural, cultural and
tourist interests. The Park has already been studied for its rich
geomorphological heritage (Coratza et al., 2011; Cappadonia et al,,
2018), and landslides have already been recognised as geosites as well
as features that enhance landscape geodiversity and geotourism
(Selmi et al, 2019). This area of Malta is an excellent example of
diffused landslide geomorphosite, showing a variety of landslides at
different stages of evolution. Furthermore, as for the case of
Trollaskagi, these diffused landslides are the result of the
sensitiveness of this coastal territory to changing climate
conditions and related sea-level rise, showing that the climate
change value is an important one to consider when indicating a
landslide geomorphosite (Table 3).

CONCLUSION

Landslides have been included in the global geoheritage, but
so far they have received only marginal attention compared to
much more popular and spectacular landforms. We have
surveyed the literature to understand to what extent
landslides have been considered as part of geoheritage and
consequently identified as geosites/geomorphosites. We
found that there are few cases of landslides defined as
geomorphosites, and that the majority of them are located
in Europe. In order to bring the attention of the international
landslide community to the importance of landslides in the
geoheritage, in addition to the commonly recognised value to
define a geosite, we have defined three new values that should
be considered when identifying a landslide as a
geomorphosite. They include past and present climate
changes, anthropic signature and risk perception. These
values are strictly linked to each other and of extraordinary
relevance today, given the impact that the anthropic activities
and human-induced climate change are having on the
environments and human communities all over the world.
We report on different examples of famous and dramatic
landslides around the world that exemplify and incorporate
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