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Abstract

Over the last 20 years, there has been an increasing interest in environmental issues — particularly those related to
sustainable use of natural resources — and the solutions adopted are often linked to performing analyses of
ecosystem services and finding indicators for biodiversity assessment. However, while the biotic aspect of nature
has been deeply explored and discussed by the scientific community, the abiotic side has not received the same
attention.

Only recently Geodiversity assessments have received scientific attention and specific ecosystem services have
been discussed in connection with abiotic nature; however, a specific assessment regarding abiotic indicators
hasn't been developed yet. Nevertheless, through their management strategies, UNESCO Global Geoparks can
play a very important role in this matter: they raise awareness and understanding on geodiversity, they add value
to geological heritage, thus representing potential strategies for holistic and sustainable development in rural areas
through proper assessment and use of abiotic ecosystem services. At present the Geopark’s managers are not
provided with specific classification methods which take into consideration abiotic nature and the services
provided to the society.

This PhD research focuses on the detection of common data systematizations and on developing provisional
indicators for abiotic nature in two UNESCO Global Geoparks: Magma Geopark in Norway and Sesia Val Grande
in Italy.

The methodology applied to this research stems from the collection of desk and field data, which compares
existing geosite classifications — with a focus on the method developed by the Department of Earth Science of the
University of Torino — and the system for geosite assessment in use at the Geological Survey of Norway. Eight
geosites have been selected following common characteristics and the final geosite classification schema has been
tested and compiled as a first research product.

The geosite registration database provides a tool for geopark managers, supporting them in choosing, monitoring,
and developing the geosite, before and after obtaining the designation within the UNESCO Global Geoparks
initiative.

The second part of the research stems from the analysis of the scientific baseline of biotic and abiotic ecosystem
services and their assessment. The methodology for the development of abiotic ecosystem indicators followed
and adapted the Biodiversity Indicators Development Framework.

Four geosites were selected for this research phase: the analysis of the geological processes influencing different
abiotic ecosystem services and their connection within the spatial dimension of the geosite and its buffer zone
supported the development of variables and provisional indicators for abiotic nature.

Through the attribution of specific values and a common scale, the four geosites were assessed for all the 25
abiotic ecosystem services proposed by Gray (2013).

The outcomes of this PhD research thesis offer contributions to the effective recognition of the value of
geodiversity within nature protection and sustainability and show the need for an abiotic ecosystem service
assessment methodology for developing accurate management strategies in UNESCO Global Geoparks.

Furthermore, the achievements of this Phd would contribute to the development of both 726 IGCP project, “
GEOfood for Sustainable Development in UNESCO Global Geoparks” and the project n. 731: “Geological
Heritage Sites project” thanks to the analysis of the geosite classification and the connections between abiotic
nature and human development.






Chapter 1 - Introduction

1.1 Foreword

In November 2015, the UNESCO General Assembly approved the new International Geoscience and Geoparks
Programme (IGCP) to be implemented by the International Geoscience Programme (IGP) and the UNESCO
Global Geoparks (UGGp); thus, the third and the only UNESCO Programme where sites and landscapes of
international geological significance are managed with a bottom- up approach, holistic concept of protection,
education and sustainable development, was established.

The IGCP consists of two pillars: the International Geoscience Programme and the UNESCO Global Geoparks
network initiative. The first one is based on a “network of geoscientists focusing on the environmental resource
extraction, natural hazard resilience and preparedness, and adaptability in the era of a changing climate”. The
second is based on the values of the UGGp seen as “laboratories for sustainable development by following a
bottom-up approach that promotes the recognition and management of Earth heritage” (UNESCO, 2015). Since
2015, all territories which have successfully applied to the UNESCO Global Geopark have become members of
the International Geoscience and Geoparks Programme.

The main missions of the UNESCO Global Geoparks (UGG) are the protection of geological heritage, the
valorization of geodiversity, support to local communities and education on climate change and geo-hazard
issues. To become a member of the UGG, a territory must demonstrate that its geological heritage has international
value; but also needs to apply a bottom-up approach with local communities, working on educational programs
providing a strong management structure and a solid budget.

The data requested on behalf UGGp for membership application is standardised; however, the methodology for
the classification and description of the geosites depends on each country's classification and in several cases the
knowledge/methodologies developed by those responsible for the application.

Furthermore, the IGCP Programme does not provide the applicants with tools for pre-assessing their abiotic
heritage and eventually selecting the geosites which could be further valorised within their development plan after
the UNESCO designation is obtained.

As a result, over the last 20 years, a variety of different criteria have been applied to the Geoparks territories for
the classification of the geosites and their valorisation; It is also important to point out that the services provided
by the geodiversity to the Geopark communities are not assessed at the time they apply to become a UNESCO
Global Geopark. The lack of homogeneous data in the classification of geosites (Reynard, 2008) within Geoparks
makes it difficult to compare geosite development within different UNESCO Global Geoparks, or to analyse and
to compare different local strategies; moreover, the absence of abiotic factors assessments could lead to a lack of
tailored and effective geoheritage management strategies.

The focus of this PhD research is the development of a methodology for assessing Geopark geosites and their
abiotic ecosystem services, by assessing two UNESCO Global Geoparks: Magma in Norway and Sesia Val
Grande in Italy. The research aims at contributing to the development of “abiotic service”-based strategies for the
enhancement of geoheritage within UNESCO Global Geoparks, supporting them with a common preliminary tool
for the Geopark geosite assessment.

1.2 Research questions, aims and objectives

The main aim of this doctoral thesis is to provide managers and policy makers with a preliminary tool for assessing
Geopark geosites and their contribution to the abiotic services within UGG territories.



The PhD’s main investigator has been supported by Rolv Dahl, Senior Adviser at the Geological Survey of
Norway, Dr Tom Eldal, Dr Lars Eikstad, Pal Thjsmge, Magma UNESCO Global Geopark Manager, and Prof.
Marco Giardino, Scientific Coordinator of Sesia Val Grande UNESCO Global Geopark.

The two main research questions and outcomes are the following:

1. How can the Geopark evaluators and the UNESCO Global Geoparks Council compare geosite
classifications around the world, since different territories use a range of criteria for the assessment of
international significance?

The actual procedure for a territory aiming at becoming a UNESCO Global Geopark consists in sending an
application dossier, to be prepared by following the Statute Guidelines (UNESCO International Geoscience and
Geopark Programme, 2015). The application includes supporting material to demonstrate that the area has already
been functioning as a de facto Global Geopark for at least one year.

The aspiring UNESCO Global Geopark must have geological heritage of international value and be managed by
a body having legal existence recognized under national legislation that has a comprehensive management plan,
covering governance, development, communication, protection, infrastructure, finance, and partnership issues
(UNESCO IGCP, 2015).

The entity responsible for the acceptance of new UNESCO Global Geoparks is the UNESCO Geoparks Council,
which is the “decision-making body for new UNESCO Global Geopark applications and revalidations and it is
responsible for advising the Director-General on the strategy planning and implementation of the Global
Geoparks activity of the IGGP. The Council is composed of 12 ordinary members, with the right to vote, who are
individuals appointed by the Director-General of UNESCO on recommendation of GGN and Member States”
(UNESCO IGCP, 2015).

The adopted criteria by the UNESCO Geoparks Council to evaluate the geological international value of an
aspiring UNESCO Global Geopark is based on the number of scientific peer-reviewed publications related to that
specific area. This aspect is crucial for a successful application, together with the ones listed above which are all
equally as important. However, it is easy to argue that territories having very important geological heritage are
not necessarily objects of research or scientific studies. Conversely, it is also possible to prove that territories
where extensive scientific research has taken place and where there is a strong management structure in place,
where holistic approaches have applied and with specific sustainable bottom-up strategies have not been
accredited UNESCO Global Geoparks status due to lack of scientific publication.

The Geopark concept is based on a holistic approach involving several interconnected disciplines and membership
to the UNESCO Global Geoparks requires the ability to follow strict quality criteria; however, there are no
common guidelines provided for geosite selection or assessment.

At the time of application, the UNESCO Global Geopark Council does not provide aspiring geoparks with any
specific guidelines concerning the criteria needed for the selection of future Geopark geosites: the team of
geoscientists in the aspiring Geopark has the responsibility for choosing geosites, the measures carried on are
checked by re-evaluators every 4 years, together with other important issues. However, the lack of shared criteria
for geosite selection could lead the aspiring Geoparks to select too many geosites: this could result in the
impossibility of appropriately valorising and protecting these sites. The case could also be the selection of geosites
having only or mostly “geological” interest, while neglecting the combination of other features in the
interpretation such as culture or nature, with a consequent lack of holistic approach which is one of the requested
criteria for becoming UGGp.

Furthermore, the absence of set guidelines for geosite selection and assessment makes it difficult to apply an
objective comparison between different territories applying for the same Geopark status.

Consequently, the first PhD outcome is the suggestion of a preliminary database for the creation of a common
framework for UNESCO Global Geoparks geosite classification (see 4.2.5); said database could support the
development of a more holistic evaluation for the definition of the “international” significance of geosites and
support the UNESCO Geoparks Council in comparing different territories.



2. How and to what extent could the abiotic ecosystem services contribute to the creation of a management
tool for UNESCO Global Geoparks?

The UNESCO Global Geoparks are territories based on a bottom-up approach and the holistic interpretation of
geological, cultural, and natural heritage; they are like open air laboratories for educational activities and
community engagement. UNESCO Global Geoparks actively work on the valorisation of natural and cultural
features, emphasising the connection with the geological heritage recognized as having international value.
(Zouros 2004; Henriques & Brilha, 2017).

Ecosystem services and indicators for biodiversity have gained popularity since the adoption of the Millennium
Ecosystem Assessment (Layke et al., 2012); however, the abiotic ecosystem services linked with geodiversity are
still lacking interpretation and specific indicators (Gray, 2021).

The assessment of both biotic and abiotic ecosystem services in a whole is not included as assessment criteria for
becoming UGG member, and there are no example of Geopark strategy which taking them into account, except
of the Northwest Highlands Geopark which is the only UNESCO Global Geoparks which considers Geodiversity
and its related ecosystem services in the whole Geopark strategy(Scottish Natural Heritage, 2013).

Geodiversity, which characterises every UNESCO Global Geopark, is considered as one of the assessment criteria
for becoming a UGG member, but it does not include assessment of biotic and abiotic nature.

The present thesis aims at proving that the assessment of abiotic ecosystem services could support UNESCO
Global Geoparks and policy makers to set up specific plans for the development of the geosites, taking into
consideration each single service and its peculiar advantages provided to the community. The assessment, if
properly included into development plans, could lead for example to a better use of non-renewable resources, to
a proper valorization to the best geosites for education, and to develop more effective policies against climate
changes and resilience.

At present, there are no specific tested methodologies which could support Geoparks’ understanding of the
importance of abiotic ecosystem services in reaching the UN’s 2030 Agenda Sustainable Development Goals
(SDGs). As a response to the second research question, this PhD thesis aims at setting up a preliminary
methodology for the assessment of 25 “abiotic ecosystem services” (Gray, 2013) within selected geosites of the
UNESCO Global Geoparks.

This PhD research is based on the analysis of eight geosites selected in two UNESCO Global Geoparks (UGG):
Magma UGG (south-west of Norway) and Sesia Val Grande (north-west of Italy). When applying to the UGG
Network, the two Geoparks territories implemented different methodologies for geosite classification. As a result,
the Geoparks also developed different geosite valorisation strategies.

After the data gathering stage, the research focused on establishing a common framework for geosite classification
between Italy and Norway.

The comparison of different adopted solutions led to the first research outcome: the preliminary database which
has been populated with information from the eight geosites selected. (Annex 1)

During the second stage of the research, the focus shifted to the analysis of “abiotic ecosystem services” (Gray
M. et al., 2013) and during the final research phase, it was possible to finalise the second research outcome:
provide provisional indicators to assess each of the 25 services within the 4 selected geosites. (Annex 6)

Lastly, through a detailed analysis in chapter, the hypothesis will be tested and validated; it is expected that the
results could contribute to supporting the valorisation of geodiversity and its service to society.
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Table 1 — Workflow and organisation of the PhD Research, with the related operational phases. (Gentilini, 2022)

1.3 Outline

This thesis is organised into seven chapters:

Chapter 1 briefly introduces the research foreword, the aim of the study, the objectives and the outline.

Chapter 2 gives a brief overview of the basic definition of the terms geosite, geodiversity, and geoheritage. It
provides a brief overview of the concept of Geoparks, the ‘International Geosciences and Geoparks Programme’
(IGGP), the general UGGp operational rule and the procedure to become a UNESCO Global Geopark territory.

Chapter 3 describes the two pilot areas and the applied geosite classification approaches.



Chapter 4 summarises the research framework. Starting from the baseline, the analysis of already developed
geosite classification methodologies, this chapter provides a description of every single phase which brings to the
geosite inventory schema development, as the first outcome of the research.

Chapter 5 describes the different existing abiotic and biotic ecosystem services classification and the process of
adapting the indicators for biotic nature to abiotic natural resources, the selection of factors influencing each
services and their final assessment methodology, as the second outcome of the research.

In Chapter 6, the GEOfood initiative and the IGCP- 726 Project are described as examples of applied actions for
the valorisation of abiotic ecosystem services within UNESCO Global Geoparks.

Chapter 7 includes conclusions and final remarks.



Chapter 2 - The Background

2.1 Basic definitions

2.1.1 Geoheritage

The definition of Geoheritage varied throughout history, adapting to the different cultural values people give to
nature: from a Romantic view of the physical landscape in the 18th and 19th centuries as an aesthetic experience,
to a scientific view of nature in the latter half of the 20th century as a focus for study and conservation in protected
areas; and more recently, to a recognition of the need for sustainable use of natural resources that combines both
the aesthetic and the scientific viewpoints and provides benefits for people, and embodied now in geoconservation
and geotourism activities like in the UNESCO Global Geoparks. (Gordon, Crofts, Diaz-Martinez, 2018).

In 2008, Brocx defined Geoheritage as “the heritage value assigned to features of a geological nature
encompasses globally, nationally, state-wide to regionally, and locally significant features of earth science that
are intrinsically important or culturally important, offering information or insights into the evolution of the earth
or into the history of earth science, or that can be used for research, teaching, or reference” (Brocx, 2008).

One of the most comprehensive definitions of Geoheritage comes from José Brihla: “Geoheritage, or geological
heritage, is a term used to describe minerals, rocks, soils, fossils, and landforms having a significant value that
justify their conservation and proper management. This includes the ongoing geological processes that produce
these especially significant physical objects. Despite what can be an apparent appearance of robustness, such
objects can be at risk, particularly due to human actions. Therefore, the conservation of geoheritage needs specific
policies, both at the international and national levels, for their preservation and conservation” (Brilha J., 2021).

According to the definition by José Brilha, Geoheritage represents a relevant part of natural heritage, and includes
all elements resulting from geological processes, whether objects, features, landforms, or structures, important to
any field of geology, such as: geomorphology, stratigraphy, tectonics, petrology, mineralogy, palaeontology,
hydrogeology, etc. Each of them has its peculiarities, but all form part of geoheritage in its widest sense. Like any
other type of heritage, Geoheritage has both an objective component (i.e., the elements that make it up) and a
subjective component that can change (i.e., the value of the elements).

As mentioned above, the type of heritage is determined by the type of element. Thus, for example, a fossil with
high value is palaeontological heritage, and a landform with high value is geomorphological heritage. Both are
different types of geological elements and part of nature, so both are geoheritage and part of natural heritage
(Carcavilla & Vegas, 2019).

This research focuses on geotourism and geoheritage, since Geoparks apply best practices in this field. However,
abiotic ecosystem services embrace all types of geoheritage, which provide services to human communities. In
2015 the set-up of the IGCP International Geoscience and Geoparks Programme established global recognition
for Geoheritage, giving visibility to its importance, conservation, and related management strategies.

2.1.2 Geodiversity

The term “geodiversity”, first used by Federico Daus in 1940, defines geodiversity as: “mosaics of landscapes
and cultural diversities of geographical space and territorial complexities at different scales related to human
habitats” (Daus F., 1940). From its initial definition, the concept of: “geodiversity” has been part of the debate to
define its clear and independent role in human society compared with “biodiversity”, and their co-related impacts
on human development.
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The term “Geodiversity” refers to the spatial diversity of elements resulting from geological processes and events
that have occurred during Earth’s history, while biodiversity is defined as: “the variety of plant and animal life in
the world or in a particular habitat, a high level of which is usually considered to be important and desirable”
(https://www.lexico.com/definition/biodiversity) .

The concept of geodiversity first appeared in the 1980s, when it was associated with biodiversity by the Tasmanian
Forestry Commission (Sharples, 2008) who drew parallels with biological concepts; from the beginning the 21st
century, several definitions have been coined based on themes and areas, with inclusions of different factors such
as hydrology, landscapes, seas, oceans, and scale factors.

Since 1992 — after its inclusion in the international agreement on the Convention on Biodiversity at the Earth
Summit in Rio de Janeiro — geodiversity’s most common definition in use within the scientific community has
become: “Geodiversity as an expression of the variety of geological, geomorphological and soil characteristics”.
(Sharples, 1993, 1995).

Thanks to contributions from the Nordic Geodiversity Working Group, since the 2000s, the role of geodiversity
within environmental studies has become more relevant. The group started to consider geodiversity as “the
support of ecosystems and biodiversity”’; furthermore, its importance started to be discussed in the scientific
community as a group of important values, which “must be taken into account by natural managers” (Erikstad -
etal., 2019).

Alongside these developments, a broader conceptual vision of geodiversity has also developed; said vision
includes several aspects linked with the importance of landscape interpretation for a better understanding of the
services provided by geodiversity to the communities (Alexandrowicz, 1999; Kozlowsky, 2004; Serrano & Ruiz-
Flafo, 2012; Sharples, 2002; Zwolinski, 2004), leading to the final agreement on the “variety of the abiotic nature”
(Gray, 2004). One of the most comprehensive definitions comes from Kozlowski who define geodiversity as “the
natural variety of the Earth surface referring to the geological and geomorphological aspects, soils and surface
waters, as well as to other systems created because of both natural processes and human activity” (Kozlowsky,
2004).

Another important step towards the recognition of the role of “geodiversity” came from the Report of the Nordic
Council of Ministers in 2001, where it strengthened the idea of geodiversity and its relevance for nature
management, connecting the concept with landscape diversity, ecosystem, and biodiversity. In the mentioned
Report, geodiversity was defined as: “the expression of different geological environments and describes the
variation of geological phenomena and processes in a defined area” (Johansson, Alapassi 2001; Wimbledon &
Smith-Meyer,2012).

Gray (2008) considers geodiversity to be the abiotic equivalent of biodiversity and describes the variety of
geological, geomorphological, pedological and hydrological features and processes, giving a comprehensive
overview of all services provided by nature to human development. His definition of geodiversity includes all the
natural range of “geological (rocks, minerals, fossils), geomorphological (landforms, topography, physical
processes), soil, and hydrological features”. but it also includes “their assemblages, structures, systems and
contributions to landscapes.”

This innovative approach underlines the benefits of geodiversity, which consists of providing many fundamental
goods and services (geosystem services or abiotic ecosystem services) to society, on which human well-being and
prosperity depends as a natural complement to biodiversity (Gray, 2018). However, at present there are no
National or European Directives, international agreements, or conventions focusing on the exclusive value of
Geodiversity, while scientists come to a clear acceptance of the connection between biodiversity and geodiversity
“in the context of the overriding framework for natural resources assessment and management through the
Ecosystem Approach and ecosystem (Crofts, 2014).

This research aims at encouraging the dialogue towards the better integration of “geodiversity” as an overall
concept into the European and Global Geoparks Network, international legislation, and policies worldwide.
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2.1.3 The Geosites

There is a long tradition in the name chosen by scientists to describe the site of direct physical representations of
geoheritage (Wimbledon et al., 1995; Reynard et al., 2004, Fassoulas et al., 2012; Brilha, 2016 and reference
therein). In a broad sense, a “geosite” is a site containing one or more distinctive elements of abiotic nature (such
as a rock outcrop with distinctive lithological characteristics, minerals or fossils; a geological structure resulting
from a tectonic event; a landform related to a geomorphic process; etc.) whose significance is primarily due to its
scientific value, but it can also have educational, aesthetic, and cultural values. In this sense, geosites are
considered as the expression of a heritage of geological content, i.e., geoheritage elements (Brilha, 2016).

In the literature, there are many definitions of geosite, from Wimbledon who define it as a “structure such as a
group of rocks, minerals or fossils, stratum, ground formation or geological structure resulting from an event
during the creation or evolution of the earth’s crust, that put a process or formation into existence, that has a
need for scientific documentation and in some cases visual attraction qualities” (Wimbledon, 1995); (Johansson
et al., 1999), to Grandgirard (1999), who describes a geosite as a “ single or multiple formation, it is not possible
to define a standard size nor a minimum or maximum size”.

More specifically, two schools of thought have evolved since the scientific community began to deal with
geological heritage and, consequently, two main concepts for “geosites” have been developed:

1) The first one is more restrictive, and it considers geosites from a scientific perspective as: “geological
objects that present a particular interest for the comprehension of the Earth, climate and life history”
(Grandgirard, 1995).

2) Other authors developed a broader definition considering geosites as sites (“geotopes”), including four
main components for their evaluation: a) scientific, b) aesthetic, ¢) cultural/historical and d) economic
values (Panizza & Piacente 1993,2003).

Within the first definition, the evaluation of the geosite is based on its scientific quality (rarity, exemplarity for
the Earth sciences, etc.), while following the second definition, the scientific interest concerns four types of values:
scientific, aesthetic, cultural/historical, economic, and ecological. The use of one definition or the other depends
on the operational context:

1) for conservation purposes, it is preferable to use a scientific approach,
2) for tourism or dissemination purposes, the second approach preferable.

Reynard (2009) subsequently recommended distinguishing the values of geosites into the central geological value
(scientific) and the additional four values (ecological, aesthetic, cultural and economic). The geosite in fact can
be used for further purposes not directly linked to their scientific values, like tourism or education (Pralong &
Reynard, 2005). The several different concepts can be grouped into categories of restricted and broad definitions:
this approach will apply to the present research (Reynard, 2009), (Reynard et al., 2012) (Reynard & Brilha, 2018).

Additional values
— cultural, historical,

Scientific + religious — | Global
value — ecological - value
— social/economic
— aesthetic

Figure 1 Central and additional values of geosites. (Reynard, 2009).
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2.2 Geoconservation

The definition of “geoconservation” and geodiversity conservation has been developed as its own discipline over
the years. (Sharples (2002), Prosser (2002a, b) Gray (2004), Prosser et al. (2006))

For a broad definition of “geoconservation” it is firstly necessary to distinguish between “conservation” in general
which can be considered as the ‘active management of something to ensure its quality is retained” with no major
changes required to the object , and conservation of geological items which very often can lead to some concrete
actions more similar to preservation. Geoconservation can be defined as “action taken with the intent of conserving
and enhancing geological and geomorphological features, pro- cesses, sites and specimens”. (Burek & Prosser,
2008).

Following Sharples (2002) he defines geoconservation in protected areas as the practice of conserving, enhancing,
and promoting awareness of geodiversity and geoheritage. Geoconservation is, therefore, concerned primarily
with conservation of features and/or elements that have special geological or geomorphological value.
Geoconservation can help to maintain biodiversity and the functioning of healthy ecosystems, as well as the
conservation of geoheritage (Crofts, Gordon, Brilha, et alia, 2020).

History of geoconservation started in Europe during the Seventeen century in Germany, at the start of the twentieth
century the geoconservation was connected with the geological heritage and modern specific legislation started to
be developed (Erikstad, 2008).

It was only after the 1990s that geoconservation acquired global scale importance, especially after the First
International Symposium for Geological Heritage Conservation (Digne-les-Bains, France, 1991) and the creation
of the European Association for the Conservation of the Geological Heritage (ProGEO), in 1992 (Moura, Pamella
& Garcia, Maria da Gléria & Brilha, José & Amaral, Wagner,2017).

In fact, at present geoconservation is very important in the PROGEO Association and in the UNESCO Global
Geoparks which became an UNESCO Programme in 2015, as well as in the World Heritage selected sites which
are focusing on geological outstanding value.

2.2.1 Why conserve geosites?

Geosites are a part of the Earth’s memory “book™: they have been recording all the past events on Earth and
preserving this information for future generations, there is a clear responsibility to be followed by scientists, policy
makers, and managers.

If carried out with preliminary guidelines, man-related activities such as the opening and infilling of quarries,
irresponsible specimen collecting, reprofiling or stabilising road and rail, river engineering works, or the
construction of buildings could, in fact, lead to geosite degradation.

On the other hand, natural processes like weathering or vegetation encroachment may also result in geosite
destruction, so these also need to be considered in setting up specific conservation plans.

In some cases, a geosite can be threatened by both anthropogenic and natural phenomena, occurring at the same
time or during different phases.

One of the main threats is a general lack of knowledge about geoheritage and appropriate geosite management.
Following Borba et al. (2013), geoconservation aims at the interaction between geoscientists with social issues
such as environmental protection, sustainable development, education, and territorial planning.

Consequently, engaging key actors and increasing the awareness of geological heritage are essential to ensure
proper nature conservation strategies, while preserving geosites is a duty in order to understand the future of our
planet through its past and to be able to use these spaces as “open air laboratories” for training the new generation
of scientists (Erikstad 2008, Carcavilla 2012, Henriques et al. 2011, Gray 2019).
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For the detection of which geosites are worthy of protection and which are not, several parameters should be taken
into consideration, depending on the context we are acting in and following the geoheritage definitions given in
the paragraph above. For “scientific” purposes, so-called “scientific” parameters may apply, based on the
knowledge and study of the Earth’s evolution, while in case of the valorisation and cultural approach of the overall
landscape, a broader definition is recommended (Panizza M. & Piacente S., 2003).

To facilitate the global comprehension of a geosite’s overall natural complexity, its natural aspect should be
considered in terms of both its biotic and abiotic features.

In Europe, the first public institution devoted specifically to geoconservation was created in Great Britain in the
mid-twentieth century. In 1949, the conservation of geological and geomorphological features was included in
the approval of the National Parks, and Access to the Countryside Act was the first step toward the establishment
of the Nature Conservancy, the world's first statutory non-voluntary conservation body.

In 1966, it was incorporated into the newly created Natural Environment Research Council (NERC). The Nature
Conservancy separated from the NERC in 1973 and became the UK Nature Conservancy Council. (Prosser, 2012)

The UK also played an important role in the establishment of the first methods aiming at the national-scale
systematic inventory of geosites of scientific value, influencing European and International institutions during the
1970s. In 1977, the Nature Conservancy Council established the Geological Conservation Review, setting the
background for the implementation of geosite conservation by means of a scientific-based methodology (Cleal et
al., 1999). The aim of this Review was to: “assess systematically the scientific part of the geological heritage of
Great Britain and to select for conservation those localities that exceed a minimum threshold in their national
(British) value to Earth science” (Ellis, 2008).

In Paris in 1972, the UNESCO “Convention Concerning the Protection of the World Cultural and Natural
Heritage” was the first international effort to select sites of paramount world importance due to their natural
characteristics. (Brilha,2016). Still, the selection and assessment of sites of geological nature that justify
conservation and proper management was long to be established.

Sharples (1993), a pioneer of Australian geoconservation, reports that during the 1993-1994 period, the Forestry
Commission of Tasmania prepared several reports with preliminary inventories of landforms in the state forests
of Tasmania to facilitate “the conservation of Earth systems (‘Geoconservation’)”:this is the first time that the
terminology had been used.

Since 1992, till the present days ProGEOQ (The International Association for the Conservation of the Geological
Heritage) has developed many initiatives concerning geoheritage, one of the first organisational aims of ProGEO,
was the creation of an European inventory of geosites (ProGEO Wimbledon et alia, 1998).

In 1993, the first attempt for a common Global Indicative List of Geological Sites (GILGES) was established by
the working group on Geological and Palaeobiological Sites as cooperative effort between UNESCO (Cowie,
1993, 1994; Dingwall, Weighell & Badman, 2005) and IUGS: the aim of the project was to define sites of
international importance. GILGES supported the works of the UNESCO World Heritage Committee and was
under the leadership of UNESCO, IGCP, IUGS and IUCN, the main outcome of the revision of criteria selection
was the so-called “Trondheim " database (Diaz-Martinez,Brilha, Brocx,Erikstad, Garcia-Cortés. & Wimbledon,
2016).

The Global Geosites Working Group (GGWG) of IUGS, in 1995 started the development of a database of global
geological sites (IUGS GEOSITES) establishing a global principle for a common methodology focusing on
enumerating thousands of sites in order not to be forgotten or overlooked (Wimbledon, 1996). The project was
supported by UNESCO, ProGeo, IUCN and since then it contributed to enhance site conservation and geoscience
awareness. It also supported Countries to “identifying the corresponding geological frameworks and geosites of
international relevance”. Due to lack of common objectives and scarcity of funds the project was abandoned.

In 2003, IUGS created the GOSEE initiative, to set the strategic position of IUGS to coordinate and to insert
geoscientist knowledge into geoscience education, culture, communication and sustainable development. (IUGS,
2006), the initiative was considered over-ambitious and in 2006 at the IUGN EC Meeting in Punta Arenas, the
initiative was closed.
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Geoconservation practices linked with geological heritage have increased during the last 20 years, even though
some countries have more developed policies, while others have only recently developed protection
measures. However, it is worth mentioning that, from the Rio Earth Summit (United Nation, 1993) to the decisions
taken by the United Nation in 2015 with the 2030 Agenda (United Nations, 2015), the terms ‘geoheritage’,
‘geodiversity’ or ‘geoconservation’ have been never used, while reference to geology is limited to three pages
within the official statements.

In fact, during the last decade, the scientific community has carried out several studies and initiatives around
geoheritage and geoconservation-related activities: all theories are based on the protection of geosites as a
foundation for geoconservation, as “nature conservation”. Preserving geosites enable humankind to understand
the evolution of Earth, the processes that shape our landscapes and environment today, and the location of natural
resources; this is and will be crucial for human development. (Gray, et al., 2013).

Following the need for a broader approach to geoconservation and geodiversity and their contributions to a range
of ecosystem services, a broader concept for geodiversity is emerging. This recognizes the links between
geodiversity and several services provided by abiotic nature to humanity, such as different landscapes and
biodiversity, economic development, climate change adaptation, management of land and water, historical and
cultural heritage, people's health, and well-being, geotourism, etc. (Prosser et al., 2013).

In 2014, the International Union for the Conservation of Nature (IUCN) and UNESCO gave importance to the
concepts of geoheritage and geodiversity, which have become strategically relevant, after decades of focus on the
protection of biological heritage. ITUCN in 2015, recognised the importance of geological features as integral parts
of nature at the same level as biological elements within the establishment of a Geoheritage Specialist Group
within the World Commission on Protected Areas (WCPA).

In 2016, the International Union of Geological Science (IUGS) reactivated the GILGES project described above,
important geoheritage initiative, as an evolution of the former Global Indicative List of Geological Sites
(GILGES), associated to the Global Database of Geological Sites of IUGS, aimed at a systematic selection of
geosites based on specific geological frameworks, enabling their comparison on several scales (Cleal C. J. et al.,
1999).

In 2020 the IGCP financed the IUGS Geological Heritage sites (with the project number 731) led by Dr. Asier
Hilario OrGs from Spain with scientists from Brazil, Colombia, Greece. The project aims to open a new
opportunity for the global recognition of Geological Sites of International Significance (IUGS Global Geosites)
bringing together the experience and knowledge of different actors like geological surveys, UGGp and scientific
organisations. The project is expected to increase the international cooperation between scientific organisations,
geological surveys and UNESCO Global Geoparks towards a common goal: a world inventory of geological sites
of international significance (IUGS Global Geosites); define procedure and protocol for IUGS recognition, to
implement the new methodology in case study sites in several UGGp and protected areas around the World,;
sustainability plan for the overall Geosites database.

At today, after several months of discussion the main standards have been defined and participants are already
working on the selection of “The First 100 ITUGS Global Geosites” (UNESCO 2021).

2.3 Conservation and management in practice: the International Geoscience
and Geoparks Programme- IGGP

In 1997, in response to the ‘Declaration of the Rights of the Memory of the Earth’ (signed on June 13™, 1991, by
150 scientists at the First International Symposium on the Conservation of Geological Heritage, Digne Les Bains,
France) the Division of Earth Sciences of UNESCO introduced the concept of a UNESCO Geoparks Programme
to support national and international endeavours in Earth heritage conservation (Martini 1993, Patzak & Eder
1998).

The Geoparks initiative started in 2000 when four territories in four European countries (France, Germany,

Greece, and Spain) shared the idea that sustainable territorial development could emerge from the protection and
enhancement of geological heritage: they established the European Geoparks Network with the main aim to
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protect the geological heritage and the promotion of sustainable development (Martini & Zouros 2001,2003; Mc
Keever & Zouros (2005).

In 2004, the European geoscience community adopted the European Manifesto on Earth Heritage and
Geodiversity and laid down that Europe's natural heritage is an essential part of Earth heritage, including
landscapes, landforms, rocks, sediments, soils, minerals, fossils, and waters. The document says that the EU
should incorporate Earth Heritage and Geodiversity in policy, planning and related procedures (Rec (2004)3).

In February 2004, the UNESCO international group of experts discussed the establishment of a Global Network
of Geoparks following the Operational Guidelines for application on the global Network. The “First International
Conference on Geoparks” was also held in Beijing, China from 27 to 29 June 2004, to promote the establishment
of a worldwide network of national Geoparks with contributions from the international governmental and non-
governmental community (Zouros, 2004).

In 2015, to achieve better cooperation between Geoparks and to strengthen their capacity, UNESCO's General
Conference merged the existing International Geoscience Programme and the Global Geoparks Network initiative
into the International Geoscience and Geoparks Programme (IGGP) and established the UNESCO Global
Geoparks (Fig. 2).

The IGGP, directly related to the International Geoscience Programme (IGCP), was established in 1972 to bring
together scientists focused on resource extraction, natural hazards, and adaptability to climate change, and
strengthening international cooperation while supporting projects, meetings, and joined research.

According to the original definition, UNESCO Global Geoparks are single, unified geographical areas where
sites and landscapes of international geological significance are managed within a holistic concept of protection,
education, and sustainable development. Their bottom-up approach of combining conservation with sustainable
development while involving local communities is becoming increasingly popular. (UNESCO, 2015).

Within this PhD, the UNESCO Global Geoparks have been considered as “laboratories for sustainable
development which promote the recognition and management of Earth heritage, and the sustainability of local
communities” (see Chapter 2.2.3).

The two initiatives — International Geoscience Programme and the Global Geoparks — shared the UNESCO
Secretariat and joint coordination meetings of their respective bureaus, which were convened as necessary. The
chairpersons of the two respective Councils co-chair the IGGP. (https://en.unesco.org/international-geoscience-
and-geoparks-programme)

“This new International Geoscience and Geoparks Programme (IGGP) with its two pillars, focusses on
UNESCO’s contribution to implementation of the 2030 Agenda for Sustainable Development and the Paris
Agreement on Climate Change, and the pursuit of its two global priorities -Africa and gender equality, applied
to Earth sciences since UNESCO is the only United Nations organisation with a mandate to support research
and capacity building in Earth sciences” (UNESCO, 2016).
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INTERNATIONAL GEOSCIENCE AND GEOPARKS PROGRAMME - IGGP

UGGp Bureau
IGCP Bureau
Chairperson: Guy Martini
Chairperson: Brigitte Vlaswinkel Vice-Chairperson: Jianping Zhang
Vice-Chairperson: Sobhi Nasir Rapporteur: Kirstin Lemon
Rapporteur: Yongje Kim UNESCO DG (without the right to vote)
UNESCO DG (without the right to vote) GGN association President: Nikolas Zouros (without the right to vote)

UGS Secretary General: Stan Finney (without the right to vote)
Observers of UGGp Bureau (without the right to vote)

Observers of IGCP Bureau (without the right to vote)
Council Members

Chairperson: Guy Martini (France, Sept 2016-Aug 2020)
Council Members Vice-Chairperson: lianping Zhang (Ching, Sept 2018-Aug 2022)

Chairperson: Brigitte Vlaswinkel (The Netherlands, Oct 2016-Sept 2020) R e L )

+9 members: Asrat Asfawossen (Ethiopia, Sept 2018-Aug 2022), Enas Ahmed
(Egypt, Sept 2018-Aug 2022), Jianping Zhang (China, Sept 2018-Aug 2022),
Border Melanie (UK, Sept 2016-Aug 2020), Rangnes Kristin (Norway, Sept 2016-
Aug 2020), Chulepin Helga (Uruguay, Sept 2016-Aug 2020), Martina Paskova
(Czech Rep, Sept 2018-Aug 2022), Watanabe Mabhito (Japan, Sept 2016-Aug
2020), Ana Ruiz Conde (Spain, Sept 2018-Aug 2022), Soo Jae Lee (Rep. of Korea,

+IGCP Scientific Board Sept 2018-Aug 2022)

+Evaluation Teams

UNESCO Secretariat

Figure 2 -UNESCO (2019) International Geoscience and Geoparks Programme structure [online]. Available at:
https://en.unesco.org/international-geoscience-and-geoparks-programme.

Earth Resources Theme: Sobhi Nasir (Jordan, Oct 2018- Sept 2022)

Global Change Theme: Weijian Zhou (China, Oct 2018-Sept 2022)
Geohazards Theme: Carlos Vargas Jimenez (Colombia, Oct 2018-Sept 2022)
Hydrogeology Theme: Yongje Kim (Rep. of Korea, Oct 2016-Sept 2020)
Geodynamic Theme: Nellia Mutemeri (Zimbabwe, Oct 2016-Sept 2020)

The International Geoscience and Geoparks Programme is the third official UNESCO Programme, together with
the World Heritage Sites Programme focusing on the protection of cultural and natural sites of outstanding
international values, ( https://whc.unesco.org/en/list/ ) and the Man and Biosphere Reserve Programme (
https://en.unesco.org/mab) focusing on biodiversity and human development.

2.3.1 The UNESCO Global Geoparks

On 17 November 2015, the 193 Member States of UNESCO ratified the creation of a new label, the UNESCO
Global Geoparks. This expresses governmental recognition of the importance of managing outstanding geological
sites and landscapes in a holistic manner.

The Global Geoparks are laboratories for sustainable development which promote the recognition and
management of Earth heritage, and the sustainability of local communities. Their bottom-up approach of
combining conservation with sustainable development while involving local communities is becoming
increasingly popular. As of November 2021, there are 169 UNESCO Global Geoparks within 44 Member States.
(https://en.unesco.org/international-geoscience-and-geoparks-programme)

The UNESCO Global Geoparks Council is responsible for assessing revalidated and new UNESCO Global
Geopark nominations and it performs a key role for the Director-General of UNESCO in advising on the strategy,
planning, and implementation of UNESCO Global Geoparks.

The UNESCO Global Geoparks Council is composed of 12 ordinary members with the right to vote, who shall
be individuals appointed by the Director-General of UNESCO on recommendation of the Global Geoparks
Network (GGN) and of Member States (Fig.3), and four members without the right to vote: the UNESCO Director
General, GGN President and one representative from the International Union of Geological Science (IUGS), and
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one from International Union for Conservation of Nature (IUCN) (Fig.2). Council members need to fulfil specific
selection criteria. (https://en.unesco.org/global-geoparks/council)

2.3.2 The Global Geoparks Network Association

The UNESCO Global Geoparks territories are also member of the Global Geoparks Network which was initially
founded in 2004; in 2015 the Network established the Global Geoparks Association developed as interlocutor
with UNESCO to develop models of best practices and set quality standards for territories that integrate the
protection preservation of Earth heritage sites in a strategy for regional sustainable economic development
(Zouros, 2017).

After the official recognition of the International Geoscience and Geoparks Programme, in 2015 the Global
Geopark Network Association became officially partner of UNESCO for the operation of the UNESCO Global
Geoparks promoting the brand UNESCO Global Geopark as a label of excellence for areas that validate, protect,
and promote their Earth Heritage and other related natural and cultural heritage as a tool for sustainable local
development. (https://en.unesco.org/global-geoparks)

The Global Geoparks Networking Association acts as a networking initiative, sharing good practices and common
values, it includes five Regional Networks worldwide:
e European Geoparks Network
Asian Pacific Geoparks Network
Canadian Geoparks Network
African Geoparks Network
Latin America and Caribbean Geoparks Network

The Global Geopark Association is in charge of developing strategic guidelines including actions and goals for
the overall Global Geopark Network (GGN). According to the GGN directives (Global Geoparks Association,
2021), the goals for 2022-2023 are:

1) Continuous networking and communication between all UNESCO Global Geoparks and effective
operation of the Global Geoparks Network and its Regional Geoparks Networks.

2) Promotion of the UNESCO Global Geoparks as a quality label for sustainable tourism, as safe and
sustainable territories where Earth heritage is protected and managed properly supporting the sustainable
development of local communities.

3) Support to the organization of Geopark initiatives, meetings, and events at Regional and National levels.

4) Review and implementation of the Communication and Marketing Strategy to elevate global awareness
of UNESCO Global Geoparks and the Global Geoparks community, focusing on the value and mandates
they bring or can bring to the territories.

5) Implementation of a strategy for legal protection and security for the protection of the members of the
GGN for their duties in the Network. (Global Geoparks Association, 2021)

The Governance structure of the Global Geopark Association includes:

e The General Assembly consists of all individual, supporting, and honorary members and the designated
representatives of institutional members.

e The Executive Board, i.e., the decision-making body of the GGN; it consists of 13 elected members, as
well as the Chairperson of the Advisory Committee and a UNESCO Secretariat representative as ex-
officio members. Members are elected by the Ordinary General Assembly and serve a four (4)-year term
of office.

e The Advisory Committee is the advisory body of the GGN. It consists of the Chairpersons (or their
appointed representatives) of the National Geopark Fora / Committees, and the designated
representatives of the Affiliated Organisations.
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GGN - Governing Structure

General Assembly

The General Assembly is the legislative body of the GGN.
The General Assembly consists of all individual, supporting, and honorary
members and the designated representatives of institutional members.

Executive Board

The Executive Board is the decision
making body of the GGN.

It consists of not less than nine (9)

and not more than fifteen (15) elected
members, as well as the Chairperson of
the Advisory Committee and a UNESCO
Secretariat representative as ex-officio

Advisory Committee

The Advisory Committee is the

advisory body of the GGN. It consists

of the Chairpersons (or their appointed
representatives) of the National Geopark
Fora / Committees, and the designated
representatives of the Affiliated
Organisations.

members.

The members of the Executive Board are
elected by the Ordinary General Assembly
and serve a four (4)-year term of office.

Working Groups - Task Forces

International Committees

The Executive Board appoints standing committees, task forces,
and working groups, and define their duties

Regional Geoparks Networks

Asia-Pacific Geoparks Network
European Geoparks Network
Latin America and Caribbean Geoparks Network
African UNESCO Global Geoparks Network

Figure 3 - UNESCO (2019) Global Geoparks Network Managing Structure [online]. Available at:
https://en.unesco.org/international-geoscience-and-geoparks-programme.

2.3.3 Procedures to become a UNESCO Global Geopark

The UGG Application Process follows the Guidelines defined by the IGGP (UNESCO International Geoscience
and Geopark Programme, 2015).

The first expression of interest needs to be submitted to the National UNESCO Commission, involving, where
applicable, the National Geoparks Committee. The application dossier and the document showing that the
candidate area already operated as a Geopark for at least one year should be delivered to the UNESCO Secretariat
in the interval between 1% October and 30" November each year.

The International Union of Geological Sciences (IUGS) (https://www.iugs.org/history) oversees an assessment of
the geological part of the application dossier. Two members of the UNESCO roster of evaluators are assigned by
the Geoparks Bureau to evaluate the area. The evaluator’s report is available to the Council for review.

The Council will review each application, the desktop assessment of the geological heritage, and the field
evaluation report on the basis of criteria as explained on the website
(https://en.unesco.org/global-geoparks/how-to-become-geopark).

The Council may accept an application, reject an application, or defer it for a maximum of two years to allow for
improvements to be made to the quality of the application. Each UNESCO Global Geopark is subject to a re-
validation mission every four years to check the quality of the management and the overall Geopark development.
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Evaluators deliver a report and propose “green” or yellow” cards:
e “green” if the quality and management of the area have improved or at least continues to be

“satisfactory”,

e “yellow” if the Geopark needs to undertake actions for keeping the Geopark status within two years.

In any case, the evaluators apply recommendations to the Geopark that would need to be fulfilled in the following
four-year period by the Applicant. The final decision concerning the admission or rejection is taken by the
UNESCO Global Geoparks Council.
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Figure 4 - UNESCO 2015, Application process to UNESCO Global Geoparks [online] Available at:
https://en.unesco.org/global-geoparks/how-to-become-geopark )
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Chapter 3 - The study areas: Sesia Val Grande and Magma
UGGps

3.1 Introduction to the study areas

This research focuses on two European UNESCO Global Geoparks (UGGps): Sesia Val Grande UGGp (in
Northwest of Italy) and the Magma UGGp (located in Southwest of Norway) (Fig.5).

S

[€
SESIA VAL GRANDH

: GEOPAR
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Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image U.S. Geological Survey
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Figure 5 -Gentilini, S. 2021, Location of the two studied UNESCO Global Geoparks.

The Magma UNESCO Global Geopark (MGp), located in south-western Norway, includes a surface of about
2329 km2, five municipalities and about 33 thousand inhabitants. The Geopark includes Rogaland and part of the
Vest-Agder counties, its boundaries following the administrative borders of the municipalities of Bjerkreim,
Eigersund, Flekkefjord, Lund and Sokndal. The geomorphological landscape represents an ancient peneplain that
slopes gently down to the coast, gradually reaching sea level in the western sector of the geopark, whereas in the
east there are steep coastal cliffs.

The Sesia Val Grande UNESCO Global Geopark (SVGGp) is located in the Northeast of the Piemonte Region
(NW lItaly) and encompasses areas of the Verbano Cusio Ossola (VCO), Biella, Novara and Vercelli provinces.
The territory of the Sesia Val Grande Geopark includes a surface area of about 2000 km2, 106 municipalities, and
about 190 thousand inhabitants.

Concerning the geological contents and scientific importance, both Geoparks show a magmatic bedrock with
relevant crustal processes: in MGp, deep crustal processes prevail, while the SVGGp displays both deep and
superficial crustal processes. Even from the geomorphological point of view both Geoparks show glacial
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landscapes: in Magma mainly of the Pleistocene age and in Sesia mainly Pleistocene landforms and/or present-
day glaciers.

The geosite classifications and the management structures adopted in the two geoparks are based on quite different
approaches, which makes them interesting case studies for the development of indicators for geodiversity and the
related analysis of abiotic ecosystem services in connection with management tools.

The SVGGp is jointly managed by three partners — Val Grande National Park, the Regional Parks of Sesia valley
and the Sesia Val Grande Geotouristic association — under a governance determined by a Memorandum of
Understanding (2012) recognized by the Italian Ministry of the Environment) and an Operating Agreement (2016)
under the Piemonte Region Government. The operative leader of the SVGGp is the National Park and the official
headquarters are based there. The Management Board is composed of two official representatives of the three
organizations, chaired by an appointed professional with proven experience in the field of geological and cultural
heritage management and sustainable development. The Operative Team is coordinated by the director of the
National Park with the support of the director of the Regional Park. At present, there is no specific Geopark budget
and Management Team. Interventions are guaranteed by agreements between all the Parks and the Association
Sesia Valgrande Supervulcano. The scientific support is guaranteed by internal resources and researchers of the
scientific committee coordinated by the University of Turin.

In terms of the management structure, MGp AS is a private share company that was established before applying
as UGGp and is responsible for the management and development of the overall area. The biggest challenge it
has faced throughout the years is engaging owners and stakeholders, keeping them informed and motivated with
regard to the Geopark’s actions and mission. MGp is financed directly by the owners, which are both private and
public entities: municipalities, counties and, in the last two years (2019-2020), the National Government. The
General Assembly, which is made up by all the owners, elects the Board of Directors, composed of six members,
every two years. The function of the board is the fulfilment of the Geopark’s strategy and Action Plan, revised
every four years. The Scientific Committee is composed of the Norwegian Geological Survey, the Norwegian
UNESCO Commission, and members of the Environmental Department; they provide the Geopark with
mentoring and effective scientific research.

3.2. Sesia Val Grande UNESCO Global Geopark

The SVGGp area is characterised by a diversity of alpine mountain and Piedmont landscapes and by different
management models (Perotti et al., 2020). In its northern sector , the Geopark includes the entire territory of the
Val Grande National Park plus surrounding territories for a total of 26 municipalities. In the southern sector, the
Geopark covers most of the mountain range of the Sesia Valley basin over an area of about 800 kmz, including
the whole Sesia Valley and portions of neighbouring territories such as Valsessera, Prealpi Biellesi, Val Strona
and Alte Colline Novaresi with more than 80 municipalities (Fig. 6).

This large area is bordered to the west by the Valle d'Aosta Region along the Monte Rosa Massif (4634 m a.s.l.);
to the north, by the Ossola and Vigezzo valleys and the Swiss border; to the east and south, by Maggiore Lake;
and to the south, by the Alpine Piedmont and the Po plain.

The Geopark includes the Val Grande National Park, two regional parks (Alta Valsesia and Monte Fenera), now
under the jurisdiction of the Management of Protected Areas of the Sesia Valley, and the Special Nature Reserves
of Sacro Monte di Varallo and Santuario di Ghiffa. The Geopark features other protected areas: Riserva Naturale
Orientata delle Baragge, the Riserva Fondo Toce, and three “Oases": the Oasi Zegna, the Oasi Naturale Bosco
Tenso, the Oasi Naturalistica Pian dei Sali. (Fig.7)
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Figure 6 - Location of Sesia-Val Grande UNESCO Global Geopark (from the Application Dossier to UNESCO, 2012).
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The importance of the geodiversity in the SVGGp is linked to the extreme variability of its altimetry and the
complexity of its lithological and structural setting (Fig. 8) within the geological framework of the Northern
Piemonte region (Lombardo et al., 2016; Piana et al., 2017). These make it possible to detect several ancient
orogenetic processes (see below) and recent geomorphologically diverse features: glacial, hydrological,
gravitational and also karstic phenomena, in the southern part of the Geopark (Perotti et al., 2019). Since the Sesia
Val Grande UGGp extends from the Mount Rosa massif to the Po plain, it also shows the record of past and
present climate changes related to morphogenetic processes, which continuously shape the landscape (Giardino
et al., 2017).

From a geological point of view, the SVGGp straddles the Canavese segment of the Insubric Line, a major tectonic
boundary of the Alps (Milnes, 1974; Platt & Lister 1985). North and westward of the Insubric Line, the Austro-
Alpine domain consists of piles of nappes, which were assembled and affected by a poly metamorphic event
during the Alpine Orogeny (Laubscher, 1985).

South and eastward of the Insubric Line, South-Alpine rock units were not affected by this metamorphic event.
They preserve an older history, despite experiencing substantial Alpine tectonic deformation. These are the
original rocks of the northern margin of the Adriatic Plate, an exceptional record of metamorphic and igneous
events preserved with a virtually intact section of the pre-Alpine crust. These rocks are a study model for the
scientific data’s interpretation on continental crust (Boriani et al., 2016).
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Geological relations in the SVGGp are internationally renowned and of world-class scientific significance.
Accessible outcrops display the effects of dramatic geological processes that shaped the continental crust through
a wide range of crustal levels, from high-grade metamorphism, magmatism, anatexis and ductile deformation at
depths as great as 25 to 30 km, to the explosive eruption of a supervolcano at the surface of the earth 282 million
years ago (Quick et al., 2009). For more than 40 years, this area has served scientists as an unprecedented crustal
reference section in which geophysical observations and physical processes may be interpreted in the context of
geology that is observable on the ground (Bagnati T. et al., 2012). The scientific importance of the Sesia Val
Grande Geopark is testified by the recent DIVE Project for deep Drilling into the Ivrea—Verbano Zone in the Sesia
and Ossola valleys, which aims at unravelling the architecture of the lower continental crust towards the Moho
discontinuity (Pistone et al., 2017).
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Figure 8 - Simplified geological map Sesia-Val Grande Unesco Global Geopark (Brack et al. 2010).
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3.3 Magma UNESCO Global Geopark

Water and ice played a major role in the MGp landscape — the ancient peneplain having been deeply incised by
rivers and glaciers — giving the hilly topography that is visible today and creating hundreds of small valleys and
more than 6,000 lakes.

There are only a few islands off the Geopark coast, most of which have no protection against the ravages of the
North Sea. The landscape is dominated by bare, rounded, rocky hills where crystalline rocks form the surface.
Vegetation has, however, taken hold in areas with glacial and river deposits. The natural vegetation consists
mainly of heather, juniper, marshlands, and small birch forests.
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Figure 9 - In black, area of Magma UNESCO Global Geopark, (MGp Application Dossier, 2008).

Apart from some Quaternary deposits, all the rocks in MGp were formed in Precambrian times during the
Proterozoic Eon, or more specifically, in the Meso- and Neoproterozoic.

Infact, the area of the Geopark consists largely of igneous rocks that crystallised about 930 million years ago in
large magma chambers that were approximately 20 kilometres below the surface. Large bodies of anorthosite, a
rare rock-type that consists almost entirely of mineral plagioclase, dominate much of the area. (Charlier et al.,
2006; Schzrer et al., 1996).

Some of the western parts of the area were metamorphosed during the Caledonian Orogeny (late Silurian Period)
and the entire area was strongly affected by glaciation and deglaciation processes (i.e., the onset, pulsations and
retreat of a continental ice sheet, and the related post-glacial crustal rebound) during the Quaternary. All the rocks
in the area are formed in the Eon Proterozoic (2,500 — 542 mill years ago).Proterozoic is divided into three eras:
Paleo- Meso- and Neoproterozoic. The Magma Geopark rocks was formed in Meso- (1600 — 1000 mill y) and
Neoproterozoic (1000 — 542 mill y)Each of these Eras is divided into three geological periods: Calymmian,
Ectasian, Stenian, Tonian, Cryogenian and Ediacaran.Calymmian 1600-1400 y: Banded gneiss Ectasian 1400 —
1200 y, Granitic gneiss Stenian, 1200 — 1000 y; Augengneiss Tonian, 1000 -850 y: Anorthosite, Bjerkreim
Sokndal Layered intrusion, Tellenes limenite Norite Cryogenian 850 — 630 y: Monzonoritic dyke swarm
Ediacaran 630 — 542 y: Egersund basaltic dyke swarm.
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As a result, at least 8 geological intervals are therefore represented, (Falkum, Petersen,1987; Duchesne, 2001).
The largest layered intrusion in Western Europe is also present and contains a very wide range of rock types as
well as a variety of sedimentary-like structures that formed from crystallising magma (Fig.8).

Glaciation and deglaciation

For several thousand million years, the large mountain ranges that covered the Magma Geopark were worn down
by hot and cold periods. Many of the cold periods were so cold that we call them ice ages. During these periods,
the whole of Norway was covered by ice. There have been about 200 such ice ages. As the last ice age approached
its end, about 10,000 years ago, the ice and the enormous amounts of meltwater left their last traces in the
landscape. The ice left, among other things, exciting sculptures made of stones of all sizes and shapes. Some
balance, others stand on top of each other and some, like Trollpikken, protrude from the mountain.After the last
ice age came the Stone Age. During this period, people came across the ice from Denmark and settled at the ice
front. These first humans were engaged in fishing and hunting. Later, in the Bronze Age, people began to settle
in more permanent settlements. Here they built homes and cultivated the land. In Magma Geopark we find traces
of people from the Stone Age, Bronze Age, Iron Age, Viking Age, Middle Ages, modern history and World War
I1, and these different periods have affected the landscape and the area in different ways.ng history of mining,
mostly for iron and titanium, and a considerable amount of cultural history in the area is related to early mineral
exploitation. The resistant rocks that dominate the area are responsible for the bare, rounded outcrops that
characterise the unique landscapes of the MGp.
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Figure 8, Magma Geopark simplified geological map (MGp Application Dossier, 2008).
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3.4 The geosite classification adopted in the Sesia and in Magma UGGps

The research on geosite classification is based on desk analysis of the Sesia Val Grande and Magma Geoparks’
Application Dossiers to UNESCO Global Geoparks, the first one delivered in 2012 and the second in 2009
(Annexes 2 and 3).

The two applications and the additional data provided by the two territories after the pre-evaluation done by
external experts are the baseline for this research desk analysis.

3.4.1 Geosite classification in the Sesia Val Grande UNESCO Global Geoparks

The SVGGp application dossier introduced a total of 124 geosites of interest. 33 of those are labelled as
“geological sites within the proposed Geopark, categorized according to their international, national, regional
or local value”, while the other 46 are considered to be “under preparation at present or for future development”;
no further description is provided. (Bagnati T. et al., 2012).

The 46 SVGGp geosites selected are classified under international, national, regional or local ranking based on
their scientific value, and a single short description is provided for each of them.

Within these 46 geosites, five have been defined as having “International” value; ten are classified as having
“National” value; ten as having “Regional value” while nine as having “Local” value.

Only 33 geosites are fully described and are classified following these parameters:

- State

- Region

- Province

- Municipality

- Coordinates

- Quote (Elevation)

- Rank (scientific relevance at an international, national, regional, local level)

- Scientific interest (Main, Secondary): one “main” interest and one “secondary” interest are
indicated.

- Other Interests

- Conservation Issues: the geosite conservation statute and eventual issues.

- How to reach this site (e.g. accessibility by car).

Of these 33 geosites, 25 have been described as having “International value”, 3 as having “National” value, 5 as
having “Regional value”, while none of the 33 has been classified as having “Local value”.

Scientific Interest includes the following categories and is written in order of importance from the complier’s
perspective: Petrography (P), Structural Geology (ST), Geology of the Basement (G), Geomorphology (GM),
Cultural Heritage (CH), History (H), Metamorphic Petrology (MP), Glacial Morphology (GM), Structural
Geology (SG), Permian Magmatic Activity (PMA), Alpine Geology (AG), Glaciology (GL), Mining (MI), and
Peculiar Morphology (PM) (Bagnati T. et al, 2012).

The analysis of the “Scientific” interest of SVGGp geosites gives the following results:
e 30 geosites are considered representative of “Structural Geology”;

27 are of “Petrographic” interest;

22 are connected to “Geology of the Basement”;

7 geosites are classified as having “Glacial Morphology” characteristics;

3 feature Alpine Geology;

2 geosites are related to Cultural Heritage;

Each remaining geosite has one interest related to: “Metamorphic Petrology”, “History”, ‘Permian

CEINNT3

Magmatic Activity", “Peculiar Morphology”, “Glaciology” and “Mining”.
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Concerning the “Other interest” category, the following subcategories are included in the SVGGp application:
Science-Education (SE); Environmental (E), Archaeological (A); Historical (H); and N = Naturalistic (N). Results

of the analysis indicate:

32 geosites have “Environmental” interest;
31 have “Naturalistic” interest;

28 have Science Educational interest;

3 have Historical interest;

1 has “Archaeological interest”.

Only four geosites present a conservation risk due to their exposure or human threats which are not further

specified.

The final geosite database from the SVGGp Application lists 45 non-geological sites divided into 5 categories of
which 6 listed as “Ecomuseums”, 9 considered “Religious Sites”, 2 classified as “Stones and Mines Heritage”
sites, 6 in the category “Castles and Fortifications”, while 22 are Museums. (Annex 2). This list includes sites of
value from the point of view of nature, art, history, and culture, such as Val Grande National Park, the Natural
Parks of Alta Valsesia and Monte Fenera, and Sacro Monte di Varallo: the 16th century Sanctuary is listed as a
UNESCO World Heritage Site within the “Sacri Monti” site (Fig. 9).

SesiA - VAL GRANDE GEOPARK

LEGEND
D Geopark area

. Val Grande national park

[[] sesia supervolcano area

[ Aita Vatsesia natural park

D Fenera natural park

/ Canavese Line

@ Geosites (geological interest)

) border municipalities

L MainRivers

Sesia - Val Grande Geopark

Ecomuseums
1- Alagna, Walser culture
2-Valduggia, “Colline di Seso”
3 - Malesco, Soapstone and Stonecutters
4 - Mergozzo, Granite’s Ecomuseum
5 -Val Toppa, Auriferous Mine
6 - Campello Monti, Walser culture

Stones and Mines Heritage
| 1-Cannobio, “Orrido”
| 2-Omavasso, Pink Marble Mine

Religious sites

1-Varallo, Sacro Monte -
Santa Maria delle Grazie

2-Boca, Sanctuary of the Holy Cross

3 - Borgosesia, Sant'Anna Shrine

4 - Omavasso, Madonna del Boden

5 - Verbania Pallanza, San Remigio Church

6-Verbania, Motto d'Unchio

7 - Ghiffa, Sacro Monte of Holy Trinity

8 - Cannero, Carmine Superiore Church

9 - Cannobio, SantAnna Church

Castles and Fortifications

1 - Roccapietra, Medieval castle
2-Borgosesia, Montrigone

3 - Gattinara, San Lorenzo castle
4-Vogogna, Castle of Vogogna
5 - Cannero, Castles of Cannero

6- Cannobio, Original center of the town

Figure 9 -SVGGp geosites: “geological interest” and: “non- geological interest”.
(Application Dossier to the UGGp, 2008).

Museums

1-Alagna, Walser museum

2 - Borgosesia, Museum of Archeology
and Paleontology C. Conti

3 - Campertogno, Collection of Sacred Art

4 - Carcoforo, Natural History Museum

5 - Giviasco, Museum Durio Da Roc

6 - Fobello, Museum Carestia - Tirozzo

7 - Ghiffa, Hat Museum

8- Guardabosone, Museum of agricolture
and traditional crafts - Museum of
Natural History

9 - Gurro, Folk Museum

10 - Ornavasso, House Museum of Partisan

11 - Pray, “Frabbrica della Ruota™

12 - Rima, Gispoteca

13 - Rimella, Museum Filippa

14 - Riva Valdobbia, Ethnographic Museum

15 - Roasio, Museum of the emigrant

16 - Romagnano, Historical Museum of
Ethnography

17 - 5. Maria Maggiore, Rossetti
Valentini Museum

18 - Malesco, Natural Park Museum

19 - Serravalle Sesia, Museum of history of art

20 - Valstrona, Museum of Sacred Art

21 -Varallo, Gallery - Natural History Museum -
“Casa Museo Cesare Scaglia”- Comola Museum

22 -Verbania Pallanza, Landscape Museum

The overview of the geosites in the Application appear rather chaotic and it is quite difficult to get a clear outline.
In the main dossier, several geosites are classified according to their scientific-geological importance without
taking into consideration the 45 criteria listed in the separate Annex of the application, which are also double-
listed; furthermore, no consideration is given to the “other value” they may have.

22 of the 124 geosites considered in the application are listed twice: 10 are described under the “geological value”
category, while 12 are listed as having “geological value”; but are in fact the same geosite under the same

classification, which is, in fact, doubled.
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Only 102 geosites of 124 listed would need to be considered for further Geopark’s valorisation plans and activities;
the review of the geosite list is available in Annex 2, with indication of possible amendments:

- Example: the “Varallo” geosite is described as a geosite having geological scientific interest; there is also
specific mention of the fact it is a “paleoglacial valley”. Following the description in the Annexes of the
application, it is also listed as a Museum and a Religious Site. Three different values have been given to
the same geosite, but no overview describing its various aspects has been provided.

- Another example is the “Ornavasso” geosite which has been listed as “Stone-Heritage”, “Museum” and
“Religious Site”; all values are listed separately in the Application without a coherent analysis of the site
from different perspectives.

At present (May 2022), even if a preliminary analysis of the geotouristic contents of the SVGGp has been
performed (Perotti et al., 2020), the management plan and the plan for the development of the geosites in SVGGp
is not yet available. So far, the selection and re-validation of the geosites is under processing by the scientific
Committee in view of the next EGN Conference (2022), which will be hosted at the SVGGp. Therefore, within
this PhD research thesis, it was not possible to proceed with further analysis of the present status of development
of the Geopark geosites.

3.4.2 Geosite classification in Magma UNESCO Global Geoparks

In the application to UGGp (Wilson. et al. 2008), MGp manager and working group, while selecting the site
“having geological, cultural and natural values” defined two main categories: the first include the so- called
“geosites" and the second is the sub-category defined as “geopark localities”.

In the classification, the distinction between “geosite” and “locality” is the result of an internal survey and analysis
of several successful applications (including the one by Gea Norvegica; the other Norwegian territory which
applied to UGG in 2004) delivered to UNESCO before the MGp dossier.

The working group define the geosite as the sites having “high interest from the geological, natural, cultural and
scientific point of view”: they are sites which are important for education and science activities within the Geopark
but are of less interest for the public and tourist due to their limited accessibility and/ or due to their vulnerability.

MGp scientific Committee selected 89 geosites in total, classified within the following criteria:

- Interests (regional, national, or international)

- Use (main field of use of the geosite: Geotourism, Education, Science).

- Protection status: the level of protection of the geosite, according to one of the following Norwegian
laws: 1) Act related to nature conservation (NatP), 2) Act related to the cultural heritage (CulP) and 3)
Act related to outdoor recreation (LNF = agriculture, nature, and recreation)

- Availability limitations (categorizes if the geosite is included in private properties or if there are any
issues pertaining to safety).

- Presence of actual threats at the site (Natural or Artificial threats to the site)

- Other information is listed, such as: historical, viewpoint and archaeological info (Table 2).
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| Abbreviation ' Category

Rank Int International
' ' Nat . National
' Reg . Regional
' Use . Edu . Education
' . Tour - Geotourism
‘ Sci ' Science
' Protection status ' NatP . Nature Protection
' ‘ CulP ' Cultural Protection
LNF ' LNF area
.Awl .Agreement with Landowners |
‘ NoP | No Protection I
' Availability ' Priv ' Private property
limitations
‘ Saf ' Safety
l Threatened ' Yes | Yes (possible)
' | No [ No
‘ Other Information 'pr 'Viewpoint
| - Hist ' Historical interest
‘Arch .Archaeological interest

Table 2 Geosite’s Abbreviations and Categories in the Magma Geopark, (Wilson R., 2008).

In the MGp application, 58 of the 89 Geosites are also classified as “Geopark localities” which are defined as:
“places that illustrate interesting geological features for the public, sites that have archaeological and cultural
value strongly connected with geological heritage, having a signed landowner agreement with the Geopark
management, marked trails, parking places and a pamphlet/leaflet/booklet describing the locality”, while 31 sites
are listed as geosite (Annex3).

The MGp dossier also includes a list of 27 “non geological sites and geosites with minor geological interest but
where rocks often have been used in one way or another; some of them are linked to sites of geological interest
while some are not. These “non-geological sites” are described using the same parameters for geosite and geopark
locations.

In the further integrations, sent in 2010, MGP presented the 46 geopark localities (instead of 58) which have been
selected by the scientific committee and the 5 municipalities; 29 of the 46 geopark localities overlap with the first
application choice, while 17 localities are introduced as new.

The choice of the final 46 localities, made by the scientific committee and local stakeholders, reflected the
scientific importance; they are representative of balance within different interests (cultural, geological or both)
and the need for increasing the tourist business of the overall area.

Only the 29 localities chosen in the Application have been described with the following parameters: the Rank
(international, national, regional), Use (Educational, Geotourism, Science), Protection Status (Nature, Cultural,
LNF area, Agreement with the landowner, “no” protection needed), Availability (Private Property, Safety),
Threatened status (Yes, No), and Other information (Viewpoint, Historical Interest, Archaeological interest).

The 17 localities introduced afterwards have not been classified following those parameters, so it is not possible
to do an overall homogenous analysis of all 46 geosites.

The following statistics can be deduced from the 29 localities:
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“Rank”: 5 are classified as having “International” value, 11 as “National” value while 13 as “Regional”
value.

“Use”: 23 have “Educational” use, 25 “Geotourism” use and 7 “Scientific” Use. Following the
classification, 4 localities can be used for all three purposes.

“Protection Status”: 4 localities are protected under the “Nature” legislation, 5 are protected under the
“Cultural” legislation, 14 are localities under the legislation concerning “Building and Planning”, while
4 do not have any protection.

“Availability”: the category considers if the locality could have been inaccessible due to problems
related with “private property” (2) where the landowner did not make any specific agreement with the
Geopark, or for “safety” reasons (2).

“Threatened”: there are 10 localities at risk of threat. while the ones which are not considered to be
under threat are 20; there is one locality which is partly at risk and partly not.

The final 46 selected sites are mainly classified into three categories: “geological (blue colour) sites — these
account for 16, cultural (purple colour) sites — these are 8 in total, while 20 have mixed values (Fig 10, in violet).

Furthermore, the 46 geopark localities have been classified considering the connection to some general
information that can be useful for tourists following these categories:
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Prior arrangement: the location can be visited after an appointment (8)
Availability of accommodation: presence of accommodation nearby. (8)
Availability of rooms to let presence of rooms for renting nearby. (4)
Availability of served meals: possibility to serve meals nearby. (3)
Availability of simple meals: possibility to serve simple meals nearby. (4)
Presence of shops. (3)

Presence of exhibition. (6)

Tours or activities by arrangement, guided tours are organized within the locality. (41)
Marked path: the locality includes marked trails. (38)

Accessible for disabled. (6)

Disabled toilets. (6)



No. LOCALITIES SHORT DESCRIPTION FACILITIES

© Gloppedalsura Huge rock fall (gneiss, moraine)
© Vinjakula Mountain (907 m; gneiss, granite)
© Sstorrsheia Prehistorical Iron Age settiements.
Asite of geological interest (Ra moraine, gneiss,
© Austdalen S
© orsdalen & Gudlen 0id tungsten mines
ndscape
Solbjergnipa Remains from fron Age (regional geology)
jorg
O odiandshole Asite of geological interest (inclusions, ayered
ion).
© Stoplesteinan & St.Olav’s road Stone circle from lron Age (legends,regional geology) (@) 38 (3§
@ Asen s P
@ Tertand Klopp Astone bridge from about 1840
@ formed by glacler)
® st Olavsormen geological formation (unusual moraine, esker)
@S X Asite of geological interest (magma influx, layered
@ Hillforts Defended settlements from about 500 AD
& Mysingr w2
€9 Mong & others Basaltic dykes
@ Lotott Asite of geological interest (layered intrusion)
Hesten / Tagholt Acient iron mine {regional geology)
g
D GEObikes Geological & cultural bicycle trips.
) Dalane Folkemuseum Cultural and historical regional museum
9 Trolipikken Spedial geological phenomenon
@ Gullbergstuva Regional geology (layered intrusion)
) Eigeroy fyr (Uighthouse) Lighthouse (anorthosit, norie, legends)
D Egersund 01d wooden houses,Viking history, lown history
D Auglend Old setlements in Eigerey (anorthosite)
€ Koldal & Ankershus 0ld itmenite mines
€D Gaudland - DNT cabin ‘Outdoor activities (anorthosite,dykes)
D Glerhaug Moonlike landscape (anorthosite)
@ Gurstl & Liland mines, Wi S
@ L bypdemsan og District museum T vy cconcen
@ syngjarstein Special geological phenomenon i
) Tronasen, Bakke bru Steep,old and winding road, Norway’s oldest Mainly CULTURE
o & Bringedal suspension bridge GEOLOGY & CULTURE
Kjorsfjell Regional geology 2
& Jivbeheia Anorthasite and granite dykes (] Forhandsaviae  Pror arrangement
@ Rossland R =3 overnatting / Accommodation
€ Blafjell mines & Ruggesteinen 0ld titanium mines, large rocking stone - (1{ B Romutleie / Rooms to let
o s - b Servering / Meals
() Enkel servering / Simple meals
€ Jossingfjord & Helleren $ :ooom houses, outdoor activities, viewpoint (i) Butiic-utsalg/ Shop
@ Tellnes Open-pit mining site (ilmenite, ore, dykes) (o] ursiting / Exhibition
2 Brufjell Caves R [ Omvisning etter avtale / Conducted tours by arrangement
@ Girden Li - DNT cabin Outdoor aceivites (regional geology) (3] Awtiviteter etter avtale / Actvities by arrangement
@ Kirkehamn, Hidra Feldspar ~ Harbour town, mining site, WW2 historical ste [RE) Tursti / Marked path
D Flekdkefiord line Ml ralbway, drasine biking =[] (&] Tilrettelagt for funksjonshemmede / Access for the disabled Listafiorden
D Flekkefiord 0ld wooden houses g%n@ (8] Handikaptoalett / Handicap toilet

Figure 10 The 46 Geopark localities in MGp.

Since the establishment of the Magma Geopark Company in 2006, specific cultural and geological interpretations
have been considered for each location selected, while the masterplan includes the accurate geosite valorisation
plan. Cultural and geological aspects of the sites reflect the holistic approach requested to be a UNESCO Global
Geopark.

From 2010 to 2020, the company performed interventions to increase the visibility of the selected geopark
localities, providing them with interpretation panels and improving their accessibility with parking spots and toilet
services. At present (November 2021), 24 localities have been properly equipped with parking, information panels
and toilets.
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Chapter 4 — Methods, Applications and Results

4.1. The research framework

The research framework is divided into three main phases:

1. The research baseline: desk research, literature review- field surveying, selection of time and spatial
scales.

2. The analysis and selection of two geosite’s classification methodology in Italy and in Norway and the
development of a new classification method.

3. The abiotic ecosystem services compared with the existing biotic ecosystem assessment: the selection of
variables and the development of indicators and innovative assessment methodology for abiotic
ecosystem services, within selected space and time.

4. The definition of abiotic indicator schema and assessment, as the main research outcome.

The first phase of the research has collected desk research and field data from two UNESCO Global Geoparks
(SVGGp and MGp) and selecting 8 geosites, as case study: 4 from SVGGp (Varallo Sesia, Prato Sesia, Crevola,
Balmuccia) and four in MGp (Jgssingfjord, Storeknuten, Eigergy Lighthouse, Sogndalstrand). Geosite spatial
distribution (Fuertes-Gutierrez & Fernandez-Martinez, 2010).

The selection of these geosite is reflecting the characteristic of each of those, explained in Chapter 4.2.1

The second phase included the analysis of state of the art regarding existing geosite classifications, with specific
focus on the one in use at the University of Turin, within the Geosite and Geoheritage course led by Prof. Giardino
and the ones developed by the Geological Survey of Norway for the development of the GIS database.
(https://geo.ngu.no/kart/geclogiskarv_mobil/)

The analysis of the 8 geosites preliminary characteristics through the classification set up within the Geosite and
Geoheritage course led by Prof. Giardino is also included in the second phase.

The compared analysis of the two geosite classifications resulted in a new preliminary common database for
geosite assessment which applied to the 8 geosites selected. (Orange, Outcome 1)

The Third phase includes the analysis of existing ecosystem classifications for biotic and abiotic services, the
analysis of the development of methodologies related with biotic indicators applied and compared to the case
study and to the abiotic nature, followed by testing results into the main research product: the abiotic service
indicators assessment methodology. (Orange, Outcome 2)

The fourth phase is developing the abiotic indicator schema and final assessment methodology, as the main
research outcome.
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Figure 11- The PhD’s Research framework: Inputs (violet), Actions (yellow), Output (green) and Outcome (orange).

4.1.1 The research baseline, First Phase (1).

This phase is characterised by 4 main inputs (Blue, Inputs):

Analysis of the Application Dossier from the two selected UGGp to UNESCO
2. Analysis of scientific research and report from the two areas

3. Literature review

4. Definition of geosite spatial distribution and timescale

5. Field Survey in the selected UGGp.

=

Within the Phasel, the geosite spatial distribution and timescale have been defined as research time and spatial
framework with specific analysis focusing on the two selected UGGp. The selection and assessment of 8 geosites
took place within the two UGGp and four geosites were selected in SVGGp (Varallo Sesia, Prato Sesia, Crevola,
Balmuccia) and four geosites in MGp (Jgssingfjord, Storeknuten, Eigergy Lighthouse, Sogndalstrand)(Green-
Outputs) ; while the preliminary surveys of existing analysis of geosite”s classification methodologies were also
conducted (Yellow- Actions). (Chapter 4.2.1)
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4.1.2 The analysis and selection of two geosite’s classification methodology and the
development of a new classification method, Second Phase (2).

From the preliminary surveys of existing geosite’s classification methodologies, (Chapter 4.2.1) two specific
methods have been analysed and compared: the one’s developed by Prof. Giardino at the University of Turin, and
the other one developed by the Geological Survey of Norway for the implementation of the database. (Yellow-
Actions)

During this phase, field data from eight geosites were adapted to the existing geosite’s classification schema
developed within the “Geosite and Geoheritage” Master’s Course held by Professor. M.Giardino at the University
of Turin, in the Department of Earth Science, Chapter 4.3.1.

A detailed comparison of the criteria in use in the two-classification schema has also been carried on: the result
of the comparison and discussion led to the first research product, a new database where different criteria from
the two initial systems merged (Orange-Outcome), Chapter 4.3.4.

The phase 2 and the phase 3 are connected: desk research on international classification and internationally
accepted definitions regarding biodiversity, geodiversity and their role into ecosystem services have been analysed
and compared while the selection of the criteria for the final database took place.

4.1.3 The Abiotic ecosystem services compared with the existing biotic ecosystem assessment: the
development of indicators and innovative assessment methodology for abiotic ecosystem
services, Third Phase (3).

This phase started from two main inputs: the preliminary analysis of the abiotic ecosystem services within the two
selected UGGp and the investigation of existing assessment for biotic nature (Blue, Inputs).

During this phase a preliminary analysis of the existing abiotic ecosystem services has been carried on, starting
with the Geodiversity definition by Gray (2013) in comparison with the selected geosite. assessment has been
developed further,

The data from four geosites from each of the two UNESCO Global Geoparks has been analysed and compared to
the geosystem services framework, starting from already-existing biodiversity indicators which act as a general
framework.

Time and space parameters have been set together with a common evaluation scale. (Yellow, Actions).

Through a deep investigation and comparative research, specific factors (indicators) have been identified and
explored, taking into consideration how they act within each single service, providing to the geosite’s assessment

4.1.4 This phase is taking into account the indicators selected within the previous phase: the developed evaluation
scale allows to set up the final schema where the comparison between each abiotic service in each different
geosites, which represents the main research outcome.(Orange, Outcome).

4.2. The research baseline, Phase one.

This phase is characterised by 5 main Inputs (Blue, Inputs):

As a preliminary step the research detected the criteria for geosite’s spatial distribution to be applied, and the
timescale for the research development.

Analysis of the Application Dossier from the two selected UGGp to UNESCO: specific and comparative study of
the areas, the methodology for the selection of the geosites, the management structure and the state of the art.
Results of scientific research that have run in the Geopark have been considered in the overall literature review.
Field surveys have been conducted along the first year, however due to Covid-19 restrictions the last two years
investigations run only in MGp as part of the secondment.
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4.2.1 Selection of criteria for geosite spatial distribution and timescale

Since Geodiversity deals with a variety of natural phenomena related to a wide range of spatial and temporal
scales, the related abiotic ecosystem services can be controlled by global, continental, regional and local
conditioning factors (Gray, 2013); moreover, they can be delivered either by slow, long-term Earth processes or
by fast, contemporary and impulsive phenomena. Therefore, in the selection of the space and time framework for
either the assessment of Geodiversity or the evaluation of each single ecosystem service (Zwolinski et al., 2018;
Gray, 2018), it is worthwhile to consider the human perspective of the observer analysing the geosite.

This PhD research took into consideration a “human” framework of geodiversity and related ecosystem services
by considering the evolutionary stages of the geological processes and their spatial and temporal dimensions with
respect to human history (Giardino, 2019). In this perspective, two possible related ecosystem services have been
considered (Annex 6 -Phase 3):

e  “static” conditioning factors, with none or slight changes within the geosite during human life.
e “dynamic” processes, with on-going changes during time and space dimensions relevant for the human
perspective of the observer analysing the geosite.

The “Anthropocene” (Hamilton C., 2019) definition has been adopted as the time frame of the PhD research,
within the definition of the Sub commission on Quaternary Stratigraphy- Working Group in 2016: “the
‘Anthropocene’ is a term widely used since its coining by Paul Crutzen and Eugene Stoermer in 2000 to denote the
present geological time interval, in which many conditions and processes on Earth are profoundly altered by human
impact. This impact has intensified significantly since the onset of industrialization, taking us out of the Earth System

state typical of the Holocene Epoch that post-dates the last glaciation” (Zhisheng A. et al., 2021).

Even though Anthropocene is not accepted as an official interval in the IUGS Geological Time Scale, the existence
of an informal term defining the Earth time interval “which humans have a decisive influence on the state,
dynamics and future of the Earth System and ilt is widely agreed that the Earth is currently in such a state.

In 2016, the Anthropocene Working Group agreed that the Anthropocene is different from the Holocene and
began in the year 1950 when the Great Acceleration, a dramatic increase in human activity affecting the planet,
took off.

The Anthropocene definition adopted in the present research is the same one proposed by the Working Group
mentioned above, which defines the Anthropocene as the most recent geological time interval starting with “the
artificial radionuclides spread worldwide by thermonuclear bomb tests from the early 1950s”(National
Geographic 2019).

The adoption in the research of the concept of the Anthropocene is very important to understanding and
underlining the recent change in the natural environment caused by human unsustainable development and to
improve the better understanding of how the relationship between abiotic nature and the benefits for a sustainable
modern society should be.

The space frames

An important preliminary task is related with the analysis and description of the geosites and the study of the
spatial distribution and dimensions of the different geological and/or geomorphological features of which they are
composed. The Fuertes-Gutiérrez & Fernandez-Martinez (2010) definitions adopted in the “Geosites inventory in
the Leon Province” was applied to the present study with particular attention to “points” and “complex areas” as
“large zone with high geodiversity and a type of geosite that results from the grouping of several geosites from
different categories

Within the local scale of geosite assessment, the analysis focusing on two research “space frames”:
- the geosite area as the” minimum bounding box” and

- the” geosite buffer zone”.

According to its geometrical definition, the minimum bounding box (O’Rourke, 1985) is the smallest rectangular
shape you can draw including one or a set of objects; we applied this concept to the geosites, including their main
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points of interest. We applied a geographical version of this concept: i.e., the “axis-aligned minimal bounding
box” to get an approximate location of the geosites within a map.

Thereafter, according to a functional approach to geosites (Giardino & Mortara, 1999; Ferrero et al., 2012), the
research defined the geosite buffer zone as: “the area including all the elements needed for the accessibility of the
geosite, its fruition and its effective management”.

The type and size of the space frame to be used has been agreed with the research team based on the physical
characteristics of 4 geosites and the specific needs of the assessment.

4.2.2 Selection of eight geosites within the two UNESCO Global Geoparks

Within the Phase 1, the selection and assessment of 8 geosites took place within the two UGGp,, four geosites
were selected in SVGGp (Varallo Sesia, Prato Sesia, Crevola, Balmuccia) and four geosites in MGp (Jgssingfjord,
Storeknuten, Eigergy Lighthouse, Sogndalstrand) (Green-Outputs) (Figurel4).

Varallo Sesia, Sacro Monte: the geosite has been selected as a Geopark site, due to its cultural and geological
value: in fact it is located in a paleo glacial valley and the hill is hosting one of the Italian’s Sacred Mountain
World Heritage Sites. The importance of the site is worldwide recognized, however the application Dossier does
not provide a specific detailed description of the cultural and geological aspects within the holistic approach
required for being a geosite in an UNESCO Global Geopark. It is protected by National Law, and it is under the
jurisdiction of the Ministry for Cultural Heritage which is not integrated in the Geopark’s structure and
management.

Varallo in the Application Dossier is also described as including a “Museum” and is classified as a site “requesting
holistic valorization™: the present research aims at contributing to a further development of the site and to the
integration between the two UNESCO management bodies and designations, required to be an UNESCO Global
Geopark having double designation (Annex 2).

Prato Sesia , is one of the most representative geosite for the exploitation of the supervulcano, is characterized by
megabreccia outcrops and riolite blocks, formed during the collapse of the caldera in which they are found.It is
classified as a “geosite” in the application to UGGp having geological interest, with no connection explained to
the holistic approach required for being a geosite in an UNESCO Global Geopark. It has international geological
importance, and it has great accessibility and educational value, the inclusion in the research analysis is due to its
benchmark value for other sites within several abiotic ecosystem services (Annex 2).

Crevola, is one of the most representative geosite for the exploitation of the supervulcano,is located along the
Sesia river and is one of the best exposures of the contact between the Mafic Complex and the Kinzigite
Formation, including amphibolite-facies migmatite. It is classified as a “geosite” in the application to UGGp
having geological interest, with no connection explained to the holistic approach required for being a geosite in
an UNESCO Global Geopark. The further assessment within the present research could lead into a better
understanding of the overall anthropogenic impact in the area and lead to the application to protection measures
and innovative solutions (Annex 2).

Balmuccia, is one of the most representative geosite for the exploitation of the supervulcano: the outcrop of
Balmuccia peridotites which is in an excellent state of conservation. It includes a massive, inhomogeneous body,
of about 4 kmq of surface. It is classified as a “geosite” in the application to UGGp with no connection explained
to the holistic approach required for being a geosite in an UNESCO Global Geopark. The further assessment
within the present research could lead into a better understanding of the overall anthropogenic impact and
innovative solutions.

Sogndalstrand, is one of the most historical representative sites in MGp, it is a traditional example of coastal
harbour Norwegian wooden village, mostly protected by Law. It is included in the Application to UGGp as a
“Cultural site” having “National” relevance. The site also includes a local museum, which has been valorized by
local communities before the Geopark was established. The interpretation of the geological and cultural aspects
of the site is well developed both in place and online. (www.magmageopark.com) The inclusion in the research
is due to the need to better understand how to increase cooperation with the local community. (Annex 3)

Jossingfjord and Helleren, it is classified in the Application to UGGp as geosite having International geological
relevance, where historical aspects are also very well integrated in the site interpretation both in place and online.
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The geosite is a typical fjord, developed during the last ice ages, and the Helleren houses are wooden houses
dating back from the 1800s, however large parts of the buildings might be considerably older. Most probably,
there have been settlements under Helleren from the 1500. Dalane Folkemuseum, MGp “s owner is today the
owner and responsible caretaker of the houses.The Jgssingfjord This fjord is especially known for the historical
Altmark episode that took place here on 16 February 1940. The Altmark affair was the event where the German
military tanker 'Altmark’' was boarded by British marine vessels, and British marines were released from German
captivity. The Altmark event was used as an argument by the Germans to attack and occupy Norway, as they then
felt that Norway's neutrality was then compromised after this event.

The fjord is also the place where the Titania facility was founded in 1902 and has continuously produced ilmenite
since 1916 with a production volume of 24.5 mt/y ilmenite concentrate in 1917.

The site is also rich in outdoor activities, and it is now the site for the new Science Museum which will also host
the Geopark’s exhibition and office with an investment of local stakeholders of about 10 million Euro
(DalaneFolkemuseum 2021)

Storeknuten is an ongoing developing site in MGp, it has “regional” ranking, it is easily accessible and classified
as “Geopark location” however no interpretation has been developed yet from the Geopark. The site is included
in a private property, an agreement should be made. The present research aims at supporting the Geopark
management to its implementation, it is considered as having potential for education, science and geotourism.

Eigergy Lighthouse is protected by Law, and it is classified as having cultural and geological importance. The site
is well used for education, thanks to the educational path developed by the Geopark with related information
regarding the very well exposed anorthosite and glacial landscape. The site has recently also received good
interpretation of the natural environment: migrators used to settle in the natural lakes along the path: the
ornithologist Group and the Geopark developed a specific quiz game for visitors and schools to play in the site
focused on birds. The site is one of the most visited places in the Geopark, due to its accessibility and beauty. The
inclusion in the research aims at supporting the development of strategies which consider several natural aspects
occurring in the site.

The geosite selection is also following the common characteristics of each couple of geosite from the two UGGps
selected, which can be explain as following:

Since the preliminary examination took place, similar characteristics were easily detectable between the 8 selected
geosites, resumed as following;

The idea of comparing Varallo Sesia and Sogndalstrand geosite comes from the fact that both have interesting
cultural heritage and are relevant from the tourism prospective, Prato Sesia and Jgssingfjord are important as
geosite of international relevance while Crevola and Storeknuten are still not developed, so they can be compared
as having unexpressed potential. Balmuccia and Eigergy lighthouse are easily accessible and very relevant from
the geological point of view.

Varallo Sesia (96) and Sogndalstrand (38). These sites have historical and cultural values and the link between
the geological contents and cultural landscape is very clear. Both these geosites are very well-known by locals
and visitors; they include a museum and are considered as important sites from both an educational and touristic
perspective. Both geosites are protected by Cultural Legislation.

If we take into consideration the specific matter of geotourism, the Sogndalstrand geosite was already well-
developed at the time of the MGp Application (panels, parking spots, public toilets), while, according to SVGGp,
the Varallo Sesia is a “site under development”.

Prato Sesia (24) - Jgssingfjord(39). These sites are both characterised by having “International” scientific ranking
values, and both are considered having “educational” and “naturalistic” values. However, Jogssingfjord is
protected by the Law, while Prato Sesia is not. They are both included as “already developed” geosites in both
Geopark Applications.

Crevola (21) - Storeknuten (14). Both sites have geological importance: Regional (Storeknuten) and International
(Crevola). Crevola is considered a Geosite which is already developed within the SVGGp Application, but it is
not accessible by the public. Storeknuten is accessible but information about the geosite is missing in MGp. Both
sites have high potential to become relevant for the development of geotourism activities but they both need
substantial improvements.
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Balmuccia (16) -Eigergy Lighthouse (24). Both the sites are classified as “Geopark” geosites within the
Applications. They are both important from a geological point of view but also for scientific educational purposes.
Both sites have easy access, parking spots and information for the public.

The eight geosites have been analysed for establishing a common geosite assessment framework, while for
establishing the preliminary abiotic ecosystem indicator framework, the research focused on four selected
geosites: Jgssingjfjord and Eigergy(Fig. 14, red frame), Prato Sesia and Crevola (Fig. 14, red frame).

Sesia Val Grande UNESCO Global Geopark
Balmuccia(1), Varallo Sesia (2),Crevola (3),Prato Sesia (4)

Figure 14, Balmuccia (1), Varallo Sesia (2) Crevola (3), Prato Sesia (4): Geosites selected in Sesia Val Grande

Magma UNESCO Global Geopark
Jossingfiord (1), Storeknuten(2), Eigergy Lighthouse(3), Sogndalstrand (4)

Figure 14, Jossingfjerd (1), Storeknuten (2), Eigeroy Lighthouse (3),
(Sogndalstrand (4), Geosites selected in Magma Geopark.
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4.3 The analysis and selection of two geosite’s classification methodology and
the development of a new classification method, Second Phase (2).

4.3.1 The geosite classification schema adopted by the University of Turin, Geosite and
Geoheritage — Master Course Programme

Genesis

The first research phase included the analysis of previous procedures developed in Switzerland (Berger,
Grandgirard V., 1995), which includes categories such as the geosite’s scientific interest, potential threats and
further suggestions for the management body in charge of the geosite’s valorisation and conservation.

The starting point for the development of the present methodology was the procedure delivered by the German
Federation in 1996 when, for the first time, the geosites’ recording and evaluation phases were identified as two
separate steps.

Another important contribution to the development of the first research product was given by the procedure for
recording geosites in the Alpine context and applied in the Natural Park of Gran Paradiso by the CNR-IRPI from
Turin, which pays specific attention to the connections between environmental values and human activities.
(Giardino & Mortara, 1999).

The methodology adopted by the University of Turin aquired elements from the one established in 2005 by
Modena University, which entails applying seven main parameters: scientific values (based on the number of
scientific publications), educational values (representativeness), extension, rarity, integrity, visibility, and
additional values (ecological and other geological values) (Bissing, 2008; Coratza, Giusti, 2005; Coratza,
Regolini-Bissing, 2009; Coratza et al., 2018).

Pereira, in evaluating Montesinho Natural Park, has increased the number of parameters and variables, adding
innovative concepts such as cultural value, accessibility to the site and level of protection, which have also been
adopted by the classification schema in use (Pereira et al., 2007).

The evaluation schema used in the present research takes also into consideration elements from the Reynard
methodology (Reynard et al., 2012) which focus on “Integrity”, “Representativeness”, and “Rareness and
Palaeographical” values; these are applied to describe the geosite’s “scientific” value in detail (Ghiraldi, Coratza,
Biaggi, Giardino, Marchetti &Perrotti, 2009; Ghiraldi et al., 2009; Ghiraldi, Coratza, Marchetti, 2010; Regolini,
Bissing, 2010).

Description of the categories from the database.

Three main working phases are included in the database: “Registration”, “Evaluation” and “Provisional abiotic
ecosystem assessment”; each of these are then divided into subcategories.

The Registration includes the following subcategories:

Information inventory:
® Compiler: name of the person in charge of the compilation.
Authority compiler: In case an institution is in charge of the compilation.
Cataloguer: in case the file is included in a catalogue.
Authority cataloguer: the authority in charge of the catalogue.
Date of compilation.
Data acquisition: Survey/Bibliography.
Disclosable: Yes/No/Partially

Information geosite
® Geosite code within the UGGps (Number in the current Geopark classification, See Annexes 2,3)
® Name of the geosite: name given by the Geopark.
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Description: brief description.

Geosite dimension

Area (m?)
Length (m)
Height (m)
Thickness (m)

Scientific information (Most relevant scientific interest).

Primary scientific interest: the most important interests represented by the geosite.
This includes several categories: Geological, Geo-mining, Hydrogeological, Paleontological, Pedological,
Petrographical, Mineralogical, Stratigraphical, Cultural, and Geological.

Level of scientific interest/notes about the interest: Scale and brief description of the selected interests.

Contextual information (other relevant information concerning the geosite)
Contextual interest: Cultural, Sports, Educational, Landscape, Geohazard, Climate change, Historical,
Speleological Naturalistic.

Characteristic elements:

Lithology: type(s) of rock and/or superficial deposits and name of the related geological unit.
Chronostratigraphy: name of the chronostratigraphic unit according to the International Commission on
Stratigraphy

Age of the process: geological time interval represented by the contents of the geosite.

Land use: Wood, Cultivated Terraced, Savage Meadow, Urbanized Infrastructure, Rock Debris.

Shape typology: Single, Multiple, Complex, System.

Shape: Point, Line, Areal, Mixed.

Exposure: Natural, Artificial, Property, Public, Private, Mixed.

Property: Public, Private, Mixed.

Existing legal bonds:

Legislation level: local, regional, national, international.
Inclusion and typology of the protected area: National-Regional Park, SIC, ZPS, Wetland, Cultural site.

Category of legislation regulating the area: Landscape and Planning, Geological, Urban planning,
Cultural, Nature.

Information about the location of the site:

District

Municipality

Locality

Details

Coordinates (East)

Coordinates (North)

Reference: WGS84, UTMED5S0, Gauss-Boaga Geographical

Type of map including the geosite

Scale: 1:10.000;1:25.000; 1:50.000; 1:100.000; 1:250.000; 1:500.000

Cartographic information

Author of the map
Data of publication
Title or caption
Reference
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® Typology: Topographical, Geological, Geomorphological, Other.

Bibliographic information
® Authors: compiler of the information
Year of publication
Title
Magazine or book
Publisher
Pages

Iconographic information

® Authors: compiler of the information
Data of publication
Title or caption
Reference
Typology: Printing, Digital, Slide, Other
Accessibility information
Information on hazards-natural impacts
Information on natural vulnerability-human impact
Mitigation suggestions
Valorisation suggestions

The Evaluation

The Evaluation sheet considers and includes preliminary scores given from the field analysis ranging from:
0: Min score, lower interest, or value;
1: Max score-highest interest or value.

Scores are attributed with selected intervals: 0, 0.33, 0.67, 1.

Scientific evaluation:

e Integrity: state of conservation of the site. Bad conservation may be due to natural or human factors.

e Rareness: this concerns the rarity of the site with respect to a reference space. The criterion serves to
identify exceptional landforms in an area.
Representativeness: this concerns site exemplarity, used with respect to a reference space

Other geologic interests: ones which are different from the previous one already described
Palaeogeographical value: if any

Existing scientific publications related to the site

Notes

Educational evaluation

Educational value: educational tools developed in connection with the geosite.
Publications: publications with an educational purpose.

Aesthetic evaluation

It concerns the “scenography” of the geosite, in terms of contrast with surrounding landscapes, number of
viewpoints and development and structuring of the form. It includes:

® Visibility: evaluating the visibility of the site

® Contrast: evaluating the chromatic contrast of the geosite with the environment
® Point of view: evaluating the number and the distance of the point of view
°

Landscape relevance: evaluating if the landscape around the geosite could be relevant for running
interpretation activities or preservation measures
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® Obstacles: evaluating if there is an impact created by obstacles, old useless structures at the geosite.

Ecological evaluation
e Ecological value: this concerns the ecological importance of the site and if the site is protected by national
or regional laws.
e Protected area: the geosite is included in a protected area.

Historical and cultural evaluation
® History: historical evaluation of the geosite
® Religion: religious aspect within the geosite
® Artand literature: the geosite have been a source of inspiration for art and/or literature.

Accessibility evaluation
® Access: evaluating accessibility to the geosite by car
® Distance on foot: evaluating the distance on foot if the geosite is not directly accessible by car
® Difficulty of access: evaluating the difficulty considering Alpine Italian Club standards
® Disabled access: evaluating if it is accessible for disabled people
°

Food services and overnight stays: evaluating the possibility for services related with food and
accommodation.

Hazards, Vulnerability, Human Impact
® Hazards: the active and/or potential natural processes which could affect the geosite. This includes
geological, geomorphological and meteo-hydrological processes
® Natural vulnerability: evaluating at what scale the geosite is vulnerable to natural hazard phenomena
e Human impacts: evaluating the anthropic actions impacting the geosite.

4.3.2- Geosite provisional classification, Phase 1-Action 1.

The above-mentioned description and evaluation form have been applied to selected geosites in the Sesia and
Magma Geoparks. This chapter describes the application of said database from the University of Turin, to the
Eigergy geosite in the Magma Geopark (Annex 4).

I have applied this provisional classification to all geosite but I have decided to describe here only the application
to one geosite, however all the other classifications are visible in the Annex 4.

The Scientific information of this geosite reveals three main fields of interest in order of importance: geological,
petrographic, and mineralogical.

The geosite is a “mixed” geosite in an area of approximately 5 km in length and 3 km wide (Rectangular of
Inclusion, Fig. 15), which includes eight stops detected by the geopark as the most representative spots, as
described in the Magma Geopark Application (Wilson, 2006).

The Eigergy geosite is in an area characterised by prevailing magmatic rocks of anorthosite composition: the rock

is an anorthosite with orthopyroxene mega crystals, associated with brecciated anorthosite, which is representative
of the Geopark’s main geological features.
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Figure 15, Map of Eigergy geosite

The geosite is easily accessible by car or by bike but the overall geosite can only be visited on foot and is not
accessible to the disabled people; the National Norwegian Outdoor Organization scale considers the geosite easily
accessible for tourists.

The Integrity, Rarity, and Uniqueness of the geosite are deemed excellent. In terms of Integrity, the geosite
features magmatic breccia, diorite and anorthosite, which has high value of representativeness for the Geopark.
In fact, the magmatic breccia is the result of intrusion of noritic magma breaking up recently solidified anorthosite.

The site is also interesting from a cultural, ecological, and natural point of view (it is a protected area) and it
includes elements of paleogeographic value.

Educational material such as the Geopark App, educational sheets and a webpage are provided
(https://magmageopark.no/en/discover-experience/locations/eigeroy-fyr/).

Visibility is excellent in the geosite: there are no artificial or natural obstacles at the geosite. In addition, the site
is not vulnerable to external natural phenomena, anthropic or natural.

4.3.3 The geosite classification of the Geological Survey of Norway
Genesis

During the last five years, the Geological Survey of Norway (NGU) has been developing an online database,
where each detected geosite is classified following chosen categories (NGU, 2017).

The overall work is based on solid analysis background based on previous and current geosite classification

approaches which included several aspects further than the “geological” ones, like: the cultural, the natural and
other scientific additional values which can be related with a geosite (Erikstad 1997; Directorate for Cultural
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Heritage 2000; Reynard, Fontana, Kozlik, Scapozza 2007; Erikstad 2008; Fernandez, Timon & Marin 2014;
Brilha 2016; Gatley & Parkes 2018).

The database is an on-going project; however, due to the recent New Norwegian Legislation concerning the Nature
Management: the new legislation is called the “Nature Diversity Act, and replaces the “Nature Conservation Act”
from 1972: a dominant part of the documentation concentrates on biodiversity, habitats and species, it also
consists of some important improvements for geoconservation (Erikstad, 2010).

Following the recommendation given, the current priority for NGU is to align their geosite classification and
webGIS within the general National classification given for natural management developed by the Norwegian
Biodiversity Information Centre (NBIC). The new classification system is divided into a set of classifications on
different scales, and it reflects a higher degree of integration of geological and ecological features. (NBIC,2010).

NGU is now working on aligning the database classification in use to the ones defined for natural heritage, rather
than adapting to an international “geologically-oriented” system for the comparison of geosites between different
Countries (Erikstad 2014).

NGU has recently divided the entries in the database between “geotope™: “a delimited area with a given geological
composition can be characterized as a geotope. This may belong to a common or rare type. Some are valuable by
virtue of being unusual in Norwegian nature and / or vulnerable and threatened. Such sites can be valued
according to a general methodology. (geotope value)”, These areas where specific protection management should
be prioritised due to its rarity and risk of extinction red listed species are included in the habitat): their geological
values are also relevant for the protection of biodiversity.

On the other hand, the “geological heritage” includes objects of special, qualitative value, for science, teaching,
and experiences. A limited area that represents part of our geological heritage can be characterised as a geosite:
such sites can be valued according to an expert-oriented methodology (geosite value). The geosites are also
assessed for their importance for science, education and tourism, with several parameters assigned for each value.
(Angvik, Dahal, et alia, 2020)
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Figure 12: MGp in the NGU database, [online]. Available at (https://geo.ngu.no/kart/geologiskarv_mobil/).
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Description of the categories in the database

Starting from the analysis of the classification adopted in the database, some considerations are possible
concerning the categories in use which are listed below.

Information inventory- included into the metadata.

Compiler: name of the person in charge of the compilation.

Authority compiler: In case an institution is in charge of the compilation.
Date of compilation.

Shape typology

Data acquisition: Survey/Bibliography.

Included into the metadata:

The Geosite or geotop name: Topographical name of the site
Municipality: Municipality where the site is located

County: Region where the site is located

Coordinates: The coordinates of the site

Comments: Any further notes regarding the site

Pictures.

Geosite-Geotop main geological category:
Bedrock

Pre quaternary landscape

Quaternary

Different subcategories:
Stratigraphy
Geomorphology
Sedimentology
Palaeontology
Mineralogy
Paleoenvironment
Hidrogeologi
Tectonic
Magmatic
Metamorphosize
Geobiosphere
Geochronological
Submarine
Geohazard
Georesource
Culture

History of Earth

Geological time: Era and Period

Conservation and Visibility, NGU defines good condition if the landform (geosite and geotope) has not been
affected by, for example, from road construction that breaks the shape of the whole. It is not necessarily the case
that artificial intervention automatically reduces the condition: in fact it may be that quarrying in an area may
have revealed qualities in the rock that have given very important information for defining a geosite in the first
place, since things that were previously invisible have become visible. "Condition™ is also linked to an observation
point, where the condition of further interventions can be changed in comparison with how intact the geostate was
before any interventions were made.

Other values: site suitable for education, science or tourism.
Quality: NGU database is differentiating between geotope values, (value of geological sites important for

biodiversity which are following the natural value ) and the so called “geosite values” (value of geological sites
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with an inherent geological value). The latter is assessed for their importance for science, education, and tourism,
with several parameters assigned for each value. (NGU 2020)

Supporting data field, includes:

Other values than geological (natural, cultural, infrastructure)
Natural treat

Human treat

Level of treat

Need for management

Type of management

Protection status

Need for protection

Accessibility

In general the Protection status description, are developed following the data provided by the database of the
Norwegian Environmental Agency (Miljgdirektorate, 2019), whether the site in question is under some kind of
legal protection (e.g. national park, protected sites etc.), and whether conservation, management measures are
taken or mentioned in the protection documents.

Natural Treat, Human Treat, Need for management and type of management requested are categories which
are linked with the classification and definitions of geotope and geosite. Geotop are classified following their
conservation status and threats and management needs are consequently assessed.

Accessibility (by walk) is divided into the following categories
Easy

Accessible with challenges

Difficult

Not considered

The Description field includes:

References: main references from scientific literature.

49



R PDF generert: 2021-11-19

GEOHERITAGE

Geosite: Eigersy
Last updated: 12.01.2016

LOCATION

Municipality Eigersund (1101)

County :Rogaland

East (UTM 33N) 28520

North (UTM 33N) 16515849

COMMENTS

The area is continuous and does not consist of several parts. The positon is within the area, but It is not necessarily the most representative.

PHOTOS
Not registered

PROTECTION AND USE

Protection status Not protected
Protection status description

Dicipiine

Potential use

Typology

DESCRIPTIONS

GEOLOGICAL DESCRIPTION (only Norweglan)

Pa den nordiige del av Eigeray er det to drumiiner, en ved Skadberg, og en ved Myklebust. Drurriinen ved Myklebust er den starste. Den er 1,1 kmlang og 300
mbred, og den rager hogt over det omgivende terreng. Drumiinen ved Skadberg er 550 mang og 150 m bred, og den rager ogsa hagt over det omgivende
terreng. Begge har en lengdeakse | SV-NG - lig retning.

Drumiinene pé Eigeray er, sammen med druminene pa Karmay, de mest markerte | fylket. Det knytter seg | tillegg store nasjonale og interasjonale
interesser til Eiges , idet det her ble funnet at de ikke utelukkende bestar av morenemateriale.

et snit | Skadberg-drumiinen (grustaket) ble det funnet 3 forskjellige morenelag, det ene over det andre. Under disse ble det funnet lagdelte sedimenter som er
tolket & vaere havavsetninger og strandavsetninger.

Pollenkon i de to underste (eldste) morenene viser at de ma vaore eldre enn siste istids maksimum. Den underste morenen er avsatt av en bre som beveget
seg | samme retning som lengdeaksen pa drumiinen, mot SV. Men morenen over er avsatt av en bre som beveget seg mot S@, dvs. kom fra Nordsjeen! Den
everste morenen er igjen avsatt av en bre som beveget seg mot SV.

Sedimentene under morenene viser at havniva forut for siste istids maksimum var omtrent som idag, dvs. ingen isostatisk nedpresning av jordskorpen. Noe
ignende er funnet pa Karmay.

Det vil vaere uhyre viklig for norsk kvartzergeologi at drumiinene pé Eigeray blir oppbevart for ettertiden. Det star enda en del igjen fer en helt kan tolke det en
har funnet der. F.eks.

1) hworfra kom isen som beveget seg mot S@?

2) nar var havniva sé lavt som idag?

3) hvordan er dynamikken i en is som former ut forskjellige typer sedimenter en ryggform?

Riksveg 502 krysser Myklebust-drurmiinen, og gar delvis oppa og langs den. Begge drumiinene er bebygd og oppdyrket. Der er et lite grustak i SV-enden av
Skadberg-drumiinen. Sommeren 1985 s4 del ut il a vaere nediagt.

REFERENCES
ARCHIVE REFERENCE

ARCHVE ARCHIVE KEY

Regional proposals for protected areas of quartenary deposits E2
REFERENCE ARCHIVE NGU
Anundsen, Kari Sollie ; Hoist, var 1987. Forslag til ver av kvartaergeologiske omrader og forekomster i Rogaland.
Mijeverndepartementet. Rapport. Rapport (T-678). 129
Abstract
Innhold: 1.Innledning 2. Utvalg avvem 3, historie | Rogaland 4. i Rogaland 5. Ormtale av jordarter og
formelementer 6. Besiaivelse av vemeforsiag

OTHER REFERENCES
Games, K., 1976. Stratigrafi og morfogenese av drumiiner pa Eigeraya, Rogaland. Arkeologisk Museum Stavanger. Skrifter No 1.

©2021 | GEOLOGICALSURVEYOF NORWAY | TEL:+4773904000 | WWWNGUNO
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Figure 13 Ex. from the NGU database, Eigergy geosite description in Magma Geopark,, [online]. Available at
(https://geo.ngu.no/kart/geologiskarv_mobil/)

4.4. Review of the two Geosites classification system Phase 2, Actions.

Starting from the above-described classification methodologies, the research group has compared the criteria for
geosite classification adopted by the University of Turin (UniTo) (Chapter 4.3.1) to the one in use in the
Norwegian database for geosite classification (Chapter 4.3.3). A detailed comparison of the criteria in use in the
two-classification schema has been carried on: the result of the comparison and discussion led to the first research
product, a new database where different criteria from the two initial systems merged (Orange-Outcome-Phase?2).

4.4.1 Criteria analysis, interpretation, and final selection. (Annex 1, Sheet 1-2-3).

The methodology adopted started from the analysis, interpretation of the selected category in each of the two
methodologies. The categories were detected, each one was analysed and then merged. (Annex 1, sheet 1)

The first eight categories detected and merged from the two databases are (Fig.3):
1. Information inventory
2. Metadata, including pictures, literature, and map
3. Shape typology, the geosite type: punctual, linear, areal, viewpoint or landscape
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Type of geosite, categorizes the geosite following its main geological characteristics, based on the

international scientific level of interest.

Scientific interest aims to describe the most relevant geological characteristics of the geosite.
Geological environment, t sub-category includes a list of lithological units adopted by IUGS,

Geological Era
Geological Period

d Shape typology
Picture Point
Paper Line
Map Area
Viewpoint
Landscape

Pre quarternary landscape development

Scientific interest Geological environment Era Period

Stratigraphic Glacial Precambrian Quarternary
Geomorphological  Fluvial Pakozoic  Tertiary

Sedimentological Coastal Mesozoic Cretaceous

Paleontological Marine Cenozoic Jurassic

Palecenvironmental  Chemical dissolution Triassic

Tectonical Subsurface magmatic Permian

Magmatic Slope movement Carboniferous/Pennsyhanian
Metamorphical Other Carboniferous/Missiddippian
Geobiosphere Devonian

Geocronological Silurian

Submarine Ordovician

Geohazard Cambrian

Georesource Precambrian

Geocultural

History of science
Pedological {soil science)
Climate change
Petrographical
Mineralogical

Table 3 Seven categories from the two databases analysed, Gentilini S. (2022), White: common categories, Light yellow:
categories not included in the UniTo database, dark yellow: categories not included in the NGU database.

Seven other categories detected and merged from the two databases are (Table 4):

9.

10.
11.
12.
13.

Value- ratio
Limited
Good

Very good
Not valued

Value-ratio: visibility of the geological main process.
Existing Dissemination is related to the dissemination materials available.

Conservation, site conservation.

Visual Value, visibility of the geological process.

Other values, than geological values

Existing Dissemination
Leaflets

APP

Virtual Reality contents
App and leaflets
Leaflets and VR
App,leaflets and VR
Signboard

Signboard and leaflets
Signboard and APP
Signboard and VR

Signboard, APP, leaflets and VR

Signboard, App, VR
Signboard, APP, leaflets

Conservation £ Visual Value

Other values Natural treats Human treats Level of treat
Erosion and weathering Infrastructures Low

Nature and biclogy Overvegetation Urban infrastructure Middle

Urban area and infrastiWater and flood Quarring High

Sport and ricreational Landslide Deposit Not valued

Speleological Icefall Pallution

Intangible heritage Other Scientific sampling

Other values None None

Infrastructure-pipelines
Urban area

Table 4, Five categories from the two databases analysed, Gentilini S. (2022), White: common categories, Light yellow:
categories not included in the UniTo database, dark yellow: categories not included in the NGU database.

In between the following categories, three are specifically related with the geosites treats in relation with natural

phenomena, human pressure, and the treat intensity.

14.
15.
16.

Natural treats
Human treats
Level of treat

Consequently, if the geosite needs protection, the databases introduce other categories which are linked with the
necessity of specific management related with the landscape connected with the geosite and specifically to the

type of measures needed for the geosite management.

17. Need for landscape management
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18.

Site manager measure

The status of protection indicates if there are any specific laws concerning the geosite and its preservation, and

the category

19.
20.

Level of treat
Low

Middle

High

Not valued

19 indicates if there is a need for protection.

Protection status
Need for protection

Need for landscape management Site manager measures Protection status  Need for protection
No need Vegetation Local protection yes
Middle need Sheilding Regional protection no
Big need Cleaning National More info required
Noone Protection measures International

Site manager measures Noone

None

Table 5, Seven categories from the two databases analysed, Gentilini S. (2022), White: common categories, Dark yellow:
categories not included in the UniTo database, light yellow: categories not included in the NGU database.

The Table 6
geosite. The

shows four categories more related with the protection measures and management status of the
need of landscape management is directly connected with the type of measures undertaken by the

site managers. The level of protection with the need for protection.

Need for landscape management Site manager measures Protection status  Need for protection

No need
Middle need
Big need
Noone

Vegetation Local protection yes

Sheilding Regional protection no

Cleaning National More info required
Protection measures International

Site manager measures Noone

None

Table 6, the 4 categories from the two databases analysed, Gentilini S. (2022),
Dark yellow: categories not included in the UniTo database

The Table 7 shows in white the last 8 databases categories:

21.
22.
23.
24.
25.
26.
217.
28.
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The level of Accessibility to the geosite on foot.

Number of international scientific publications.

Most diffuse land uses.

Exposure: include either the natural or artificial exposure of geoheritage.
Property where the geosite is located.

Category of protection, which kind of protection the geosite belongs to.

Improvement suggestions for increasing the attractiveness and educational value of the geosite.
Lithology.



Accessibility

not valued

International scientific publications Land use Exposure
Easy None Wood Natural
with some challenges Between1and5
difficult More than 5
Stratotipe Savage

Urbanized
Rocks
Debris
Corine
Reference
Landcover
Pasture

Cultivated  Artificial
Terraced Collection

Property Category of protection Improvement suggestions Lithology

Public Landscape planning Info center
Private  Geological Leaflets
Mixed  Urban planning Signboards
Cultural heritage App
Other Signpost
None Information board

Virtual Contents

acidic igneous material
acidic igneous rock

alkali olivine basalt

alkali feldspar granite
alkali feldspar rhyolite
alkali feldspar syenite
alkali feldspar syenitic rock
alkali feldspar trachyte
alkali feldspar trachytic rock
amphibolite

andesite

anorthosite

Table 7, Seven categories from the two databases analysed, Gentilini S. (2022), White: common categories,
Light yellow: categories not included in the UniTo database.

From the preliminary analysis, and from the tables below, it is possible to detect the following common parameters

between the two databases (Annex1 sheet 2), Table 7.

1. Shape typology
2. Scientific interest
3. Era
4. Period
5. Value-ratio
6. Conservation
7. Visual Value
8. Other values
9. Natural threats
10. Human threats
11. Level of threat
12. Need for landscape management
13. Site manager measures
14. Protection status
15. Need for protection
16. Accessibility
17. Land use
Shape typology Sdentifici Era Period Value- ratio Canservatior Visual Value Other values Matural treats Human treats Level of treat  Need for landscape management
Point Sedimentological  Precambrian Quartemary Limited ~ Limited ~ Notwsible Historical  Erosionand weathering hfrastructures Low Honeed Vegetation
Ling Paleoernironmental Paleozoic  Terfiary Good Good Ohstructed Mature and bit Ovenegetation Urban infrastruciure Midde Widde need Sheilding
Area Teclonical Mesazoic  Cretaceous Verygood VeryGood  Good Urbanareaan Waterandflood ~ Quarring High Big need (eaning
Landscape Iagmatic Cenozoic  Jurassic Notvalued Notvalued Bxcellent  intangible heri Other Deposit Motvalued  Noane
Ietamorphical Triassic Othervalues  None Scientific sampling
Geobiosphere Permian Nong Hone
Geowronological Carboniferous/Pernsifvanian hirestructure-pipelines
Submaring Carboniferous Missiddiprian Urban area
Geohazard Devarian
History of science Silurian
Petrographical Ordodcian
Mineralogical Cambrian
Precambrian

Table 8, Common categories from the two databases analysed, Gentilini S. (2022).

Protection measires
Sife manager measures

Site manager measures Protection status Need for protection  Accessibility
Local protection yes Easy
Noone n

Moreinforequired  difficult
not alued

There are 7 categories from the NGU database which are not included into the UniTo database (Annex 1, Sheet
3) and Table 9:

Level of threats

Site manager measures
Protection status

ocouprwdE

Need for landscape management

The “viewpoint” subcategory within the geosite’s shape typology
The type of geosite: its classification based on the level of interest in the international scale.
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7. Need for protection

Missing UNITO

Shapetypology  Type of geosite Level of treat
Viewrpoint Bedrock Low
Pre quarternary landsca pe development Middle
Quarternary High
Mot valued

Need for landscape management  Site manager measures  Protection status
Noneed Yegetation Local protection
Middle need Sheilding Regional protection
Big need Cleaning Nationa|
Noone Protection measures International

Site manager measures  Noone

None

Need for protection
yes
no

More info required

Table 9, Categories from NGU database not included into the UniTo database, Gentilini S. (2022)

11 detected categories within the UniTo database, are not considered by the NGU (Annex9, sheet 4) and Table

10:
Metadata

Geological environment categories.
Other values: sport and speleological
Natural threats: landslide and icefall
Human threats: pollution

Land use

Exposure

Category of protection

©CoNOGA~WLNDE

Scientific interest Geological environment Other values
Pedological {soil science) Glacial
Climate change Fluvial Speleclogical
Coastal

Marine

Chemical dissolution

Subsurface magmatic

Slope movement

Other

Natural treats
Sport and ricreaticnal Landslide
Icefall

Scientific interest (Pedological and climate Change)

Protection status Land use
National Wood
Cultivated
Terraced

Human treats
Pollution
International

Savage
Urbanized
Rocks
Debris
Corine
Reference
Landcover

Exposure
Natural
Artificial
Collection

Category of protection
Landscape planning
Geological

Urban planning
Cultural heritage
Other

None

Table 10, Categories from UniTO database not included into the NGU database, Gentilini S. (2022)

4.4.2 Results: the geosite’s classification schema, Outcomel, Phase 2 (Annex1, Sheet 6)

After a detailed review of each category detected in the two databases, the final common geosite’s classification
scheme and provisional database for geosite’s assessment have been developed, including eleven main redefined

categories.

Geographic information
Type of geosite
Geological Time
Representativeness
Quality

Enhancement potential
Supporting data
Landscape

9. Lithology

10. Description

11. Reference

N~ wWNE

Each chosen category can be explained as follows:
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“Geographic information” describes the name of the locality and the coordinates.

The first database category is “Geographic Information”. It includes: the Name of the geosite, the Coordinates
(West and North), the UTM zone, and the “shape typology” related to the typology of the geosite.

The “shape typology” has been divided into these subcategories:

e Point, Line, Area, Landscape, Viewpoint, and “Complex area”, depending on the type of geosite.
The “Complex area” defines an aerial geosite which is composed of several points of interest.
The “Viewpoint” aims at describing if the geosite could also be considered as a “viewpoint”, while the
“complex area” describes if the geosite includes both areal and punctual points of interest.

“Type of Geosite” categorizes the geosite following its main geological characteristics, based on the international
scientific level of interest. It allows classification of the main contents of the geosites, the related scientific
interests and the dominant geological environment. It includes information concerning the following
subcategories:

“Main type” of rocks in the geosite, which indicates the prevailing type of rocks characterizing the geosite. The
related subcategories are the following:

e Bedrock

e Pre-Quaternary landscape development

e Quaternary

“Scientific interest” aims to describe the most relevant geological characteristics of the geosite. It includes three

possible options. In order of importance, these characteristics are:
e  Stratigraphic

Geomorphological

Sedimentological

Palaeontological

Mineralogical

Paleoenvironmental

Hydrogeological

Tectonic

Magmatic

Geobiosphere-related

Geochronological

Submarine

Geohazard-related

Georesource-related

Geocultural

History of science-related

Pedological

Compared to the previous classification, the list of “Scientific interest” categories has been updated with two new
categories: Pedology (Soil Science) and Climate Change (geosites with specific contents on climate studies).

The Geological environment sub-category includes a list of lithological units adopted by UGS, as follows:
- Glacial
- Fluvial
- Marine
- Eolian
- Chemical dissolution-related
- Subsurface metamorphic
- Subsurface magmatic
- Slope movement-related
- Other

“Geological time”: includes Eon, Period, and the Geological Unit.
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“Representativeness” includes visibility at regional and national level and concerns “the appropriateness of the
geosite to illustrate a geological process or feature that brings a meaningful contribution to the understanding of
the geological topic, process, feature, or geological framework” (Brilha, 2016).

It includes the geosite representativeness at regional and national levels, and a scale for the visibility of the
geological processes within the geosite.

The category describes both the importance and favourable conditions of a geosite in providing a good
representation of a type of feature or system.

The subcategories ‘“National” and “Regional” can be explained as follows:

“National representativeness” refers to features which are considered important for understanding the whole
geological and geomorphological setting and/or history of a Country.

“Regional representativeness is a characteristic of geosites featuring landforms or rock types of outstanding
significance in the context of what occurs in broad areas typical of a Region (Sharples, 1993).

The “visibility” sub-category, deriving from the UniTo classification, measures how visible the main geological
processes are and how easy it is to understand them. It is divided into the following attributes, which define in
detail how good the “visibility of the process” in the field is.

As stated above, the “visibility” attribute, measures how favourable the conditions of a geosite are in visualizing
the main geological processes and understanding them. Visibility is “limited” when there are no visual traces
which can explain the main geological processes; “good visibility” is when the geosite offers a certain level of
understanding for specialists, while the “very good” grade is given when an explanation is provided to everyone,
also to non-geologists.

“Quality” is a combination of several factors (Evidence-Perception, Rarity-Uniqueness, Conservation Status,
Visual value) which contribute to the overall scientific relevance of the geosite.

e Evidence- Perception: , measuring how visible the geological process is;
Among the “quality” factors of a geosite, both “evidence” and “perception” are related to landscape
attributes. Evidence informs about the visibility of the geosite, “perception” expresses the higher
possibility to individualize the geosite through geomorphological evidence and/or color contrasts within
the landscape (Reynard et al.,2007).

e Rarity-Uniqueness:, aimed at assessing how rare it is: it is the number of geosites in the study area
presenting similar geological features (Brilha, 2016). The criterion serves to identify exceptional
landforms in an area (Coratza et al., 2018).

e Conservation Status: related to the current conservation status of the geosite, considering both natural
processes and human actions (Brilha,2016). It defines the integrity and grade of preservation of the
geosite. The scale includes “Poor”: the geosite is not preserving any original characteristics due to natural
degradation or human activities; “Average”: the geosites characteristics are visible to geologists or
trainees; “Good”: the geosite has very good quality and can easily be recognized by everyone.

e Visual Value. relates to the quality of the geosite; it shows how easy it is to see the geosite in the
surrounding landscape. The “Visual value” scale is divided into: “Not Visible”, “Obstructed”, “Good”
and “Excellent”. The “Not Visible” choice occurs when the geosite is not visible in the landscape to a
non-expert audience; “Obstructed” describes a geosite which could eventually become visible if the
obstacle were removed; “Good” visual value is when the geosite can be seen by a geologist or trainees;
“Excellent” visual value is when a geosite can be seen in the landscape by everyone.

Enhancement potential expresses the potential for development of each geosite in terms of Education, Tourism,
Research, and adding some improvement suggestions for better expressing the potentialities in connection with
the geosites destination of use.
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The category includes subcategories “Tourism”, “Research” and “Education” with the aim to evaluate the
“potential” best use for the geosite. The ranking values are: “Limited”, “Good”, “Very Good”. The enhancement
category also includes subcategories “Existing dissemination” and “Improvement Suggestion”.

In Education and Tourism, the “Limited” value corresponds to the limited potential of the geosite when it is not
accessible and/ or when the visual value is very low; the “Good” scale relates to the possibility of using the geosite
in connection with extra explanations, the “Very Good” category is for a self-explaining geosite, both in education
and tourism.

Research potential: “Limited” values correspond to a geosite which is not interesting for the scientific
interpretation of the area; “Good” is for a geosite which has the potential to support existing research; “Very
Good” has the potential for opening to new research or upgrading existing, ongoing research which can lead to
scientific papers.

“Existing dissemination” as a new category is related to the dissemination materials available to the public
(visitors, students, inhabitants, researchers, etc).

The “Improvement suggestion” field has been added to give space to potential improvements of the geosite.
Suggestions for geosite improvements include a new Geopark info-centre, leaflets, a signboard, an App, virtual
reality, an information board, and “other”.

Supporting data includes values other than the geological value of the geosite and it includes several topics
related to the management of the geosites:

e  Other values: the “Other values” subcategory describes geosite values other than the geological heritage,
such as those related to: Natural Sciences, Biology, Archaeology, Urban areas and Infrastructure,
Speleology, History, Intangible Heritage, Education, and Sport.

e Natural threats: express threats of nature to the geosite, such as vegetation or erosion. “Natural Threats”
to the geosites of both geoparks include “Erosion and weathering”, “Over-vegetation”, “Water and
flood”, and five more types of threats: “Landslide”, “Wildfire”, “Icefall”, “Rockfall”, and “Other”. The
category “Wildfire” was especially relevant for both geoparks, taking into consideration recent effects

related to climate change both in the European Alps and in Norway.

e Human threats: express the anthropic pressure on the geosite, such as urbanization or pollution.Within
“Human Threats”, subcategories included are “Infrastructure”; “Urban area”, “Overloading”,
“Quarrying”, “Landfill”, “Pollution” and “Change of Land Use”.

e | evel of threats: express at what level the geosite is in danger, if some special management measures are
needed, and what type. For a qualitative assessment of both the “Natural” and the “Human” threats to

geosites, “Low”, “Medium”,” High” or “not valued” attributes are possible within this category.

e Need for management: shows if the geosite requires specific management measures.

e Type of management: indicates which actions are required for a geosites use and valorisation.

Because of their recognition and preliminary assessment, suggestions for possible interventions to limit
“threats” to geosites are indicated within the “need for management” and “type of management” categories.
These have been adopted from the NGU classification to use the level of threats (natural or human) for linking
the “protection status” with the “need for protection”. As an example, based on different levels of threats
within an area characterized by over vegetation, different “preliminary management measures” are possible,
such as: “Cleaning from vegetation”, “Physical protection”, “Safety measures”. The database thus provides
quick and easy preliminary classification, useful for reporting information to the management of the site.

e Protection status: indicates if there are any active protection measures on the geosite, and what type of
measures they are. This also includes the need for protection, in case the geosite is not protected but its
rarity and level of pressure are relevant.

e  Geosite accessibility: The category has been adopted taking into consideration the possible options of
direct access to the geosite on foot: “Universal” access (including disabled), “Easy” access (for kids and
elderly people), access with “some challenges” and “Difficult” access (experts)”.

57



e Number of scientific publications: a new category which is the number of peer-reviewed scientific
publications is the criteria for being assessed by the International Union of Geological Science (IUGN)
as a geosite having international value.

Landscape analyses the overall landscape around the geosite and is divided into the following subcategories:

Land use: the main type of use of the land where the geosite is located.

Exposure: defines the natural or artificial type of landscape. It indicated to include either the natural or artificial
exposure of geoheritage. Therefore, the “collection” choices address all the cases where geological heritage is part
of a museum or exhibition which needed to be distinguished rather clearly from natural exposures, caves or
artificial quarries.

Property: is about the geosite property, private or public.

The category has been added in order to better locate the geosite within a territorial framework and to follow an
eventual need for landscape planning, by means of the “Land use”, “Exposure” and “Property” subcategories. All
three categories have been taken from the Italian classification and adapted to the NGU standards.

The “Lithology” category was added as new ones, adopted following the classification provided by the
International Union of Geological Science. (IUGS).

To conclude, five main new categories have been added to the final database (Annex 1, Sheet 5), Table 11:
Existing dissemination

Improvement suggestions

Property

International Publication

Lithology

agkrwdE

The “existing dissemination” is referring to the present status of the dissemination tools, the existence of leaflets,
App, Virtual reality tool and signboard have been considered. The database also includes the possible combination
of the 4-dissemination material’s categories.

The “Improvement suggestions” category has been considered very relevant for the general interpretation of the
geosites, especially considering the values and role of UGGp. The same categories for “existing dissemination”
have been included.

Property: private or public ownership of the geosite influences its development and the overall development
strategy of UGGp.

International Publication: The International Scientific Publications have been considered in the assessment, due
to their importance for becoming and UGG: publications is the criteria for being assessed by the International
Union of Geological Science (IUGN) as a geosite having international value.

The “Lithology” category was adopted following the classification provided by the International Union of
Geological Science. (IUGS). Under the auspices of the Commission for the Application and Management of
Geoscience Information (CGI), the IUGS Geoscience Terminology Working Group (https://cgi-
iugs.org/project/geoscienceterminology/ ) developed internationally accepted geoscience vocabularies for
developing geoscience concepts (Richard 2006) being used in geoscience information systems, such as
GeoSciML, an XML-based data transfer standard for the exchange of digital geoscientific information.
Concerning lithology, GeoSciML includes 265 lithological rock names, hierarchically organised around up to six
levels e.g. tholeiitic basalt, basalt, basic igneous rock, basic igneous material, igneous material, compound
material (http://resource.geosciml.org/vocabulary/cgi/201211/simplelithology.rdf.) which have been used for
developing ontology-driven  representation of geological knowledge (Mantovani et al., 2020)
(https://inspire.ec.europa.eu/codelist/LithologyValue).
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Existing Dissemination International scientific publications Improvement suggestions  Property Lithology

Leaflets None Info center Public

APP Between 1 and 5 Leaflets Private
Virtual Reality contents More than 5 Signboards Mixed

App and leaflets Stratotipe App

Leaflets and VR Signpost

App,leaflets and VR Information board

Signboard Virtual Contents

Signboard and leaflets
Signboard and APP

Signboard and VR

Signboard, APP, leaflets and VR
Signboard, App, VR

Signboard, APP, leaflets

Table 11, The database new categories in the final database, Gentilini S. (2022)

4.5 Conclusions

Detailed multiscale analyses of text, data, maps, and supplementary materials of two Applications from Geoparks
in two different countries allowed to analyse the global, regional, and local dimensions of their geodiversity and
highlighted differences and similarities of geological and geomorphological phenomena within their long-term
history.

MGp application to UNESCO Global Geoparks is characterised by a pragmatic approach, which underlines the
connection between the geological and cultural heritage since the beginning in the Geopark’s action plan, which
has been developed successfully from 2008 till nowadays.

Since the establishment of the Geopark company in 2006, the development of the geopark localities has been
planned to follow a precise schema, a homogeneous heritage interpretation and a valorisation plan, which includes
the establishment of two informative panels per location: one with general information about the UNESCO Global
Geopark initiative and network and one describing the peculiarities of the specific locations, all in two languages:
English and Norwegian.

MGp, in fact, is steadily developing localities taking into consideration the cultural tangible (ex. n.5 @rsdalen &
Gudlen mines and N.30 Gursli & Liland mines & Hattesteinan mines or Titania educational project) and intangible
heritage (Amphidromic point, local food trail, Klokkestaina, etc.). Regular meetings with the stakeholders allowed
the Geopark to prioritize or to substitute a couple of localities chosen in 2008 with others that have been considered
more appropriate for education, tourism, or dissemination purposes.

MGp selected its geosite based on geological international scientific values and mainly considered “Geopark
localities”, i.e., those geosites “being of interest to the public, not only to a geologist”. The operation included
geosite classification as by their regional, national, or international interests, use (geotourism, education and
science), protection status, availability (restrictions), threats and other information. The staff registered and listed
89 geosites within the Geopark; 58 of these are regarded as “Geopark localities” (Wilson R., 2008).

In Magma Geopark, the plan for geodiversity interpretation is developed and updated every year, and the action
plan is continuously updated following most recent achievements and the overall sustainable strategy in place.
The Geopark has secured economic support for next four years, as requested by the UNESCO Global Geoparks
membership.

Every 4 years, Magma Geopark boards update the Action Plan, and the budget is secured for the following four
years, signing bounded agreements with regional and local public stakeholders. Geodiversity is valued through
many activities linked with specific projects which follow the company’s strategy.

Taking into consideration the management structure, Magma Geopark AS is a private share company that was
established before applying as UNESCO Global Geopark as responsible for the management and development of
the overall area. Magma Geopark is financed directly by the owners, who are both private and public entities:
municipalities, counties and, for 2019 and 2020 by the National Government.
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In fact, one of the most important achievements of the last few years was the establishment of the Norwegian
Geoparks and Geoheritage Committee for the dissemination of the UNESCO Global Geopark values in Norway.
The Committee supports new initiatives of aspiring Geoparks and evaluates new applications before they are sent
to the Norwegian UNESCO Commission. (Thjgmge et al., 2014)

In addition, the Committee, with a combined actions involving all policy makers from the three UNESCO Global
Geoparks, successfully lobbied for Geoparks to be included in the Governmental budget for the first time in 2019.

The SVGGp application to the UNESCO Global Geopark mostly focuses on the geosites’ petrographic
description, while the overall cultural and natural aspects of the area are not described in detail.

The SVGGp dossier is divided into several sections where the explanations of the geosite having cultural interest
are not integrated with the geosites having scientific value. The “cultural” geosites are presented in a separate
table without any connection to the overview of the geological heritage, and with no inclusion of geosites having
cultural value in the plan for further development. It seems that, since the beginning, the Geopark staff considered
the geological heritage separately from all the other aspects which characterised a UNESCO Global Geopark with
no need for integration.

As of November 2021, SVGGp still lacks a valorisation plan for the overall Geopark’s area. Only few information
panels have been installed in the Sesia valley, while the Val Grande National Park has been working in valorising
specific Geopark’s related initiatives with no homogenous development plan for the overall Geopark area. Even
if the geosites’ review has been ongoing since 2018 thanks to the scientific advisory board of the Geopark and
preliminary analysis of the geotouristic contents of the SVGGp has been performed (Perotti et al., 2020), a
comprehensive action for homogeneous geosites is still lacking. To achieve a clear and unique Geopark visual
identity in the Val Grande National Park, new information and road panels have been printed for the 2021
UNESCO revalidation visit. For enhanced geodiversity interpretation, new additional material has been provided
by QR codes in the already-mounted panels; said content is accessible in different languages (Italian and English
as a minimum; in some cases, also in French and German).

However, the last re-validation mission undertaken in 2021 gave a “yellow” card to the Geopark, underlining the
needs for a stronger management structure and related five-year budget.

In SVGGp, the management responsibility is shared by three different institutions: two Regional Parks, one local
Association, and one National Park which, now, is the main management body according to internal agreements.
Since its establishment in 2011, the Geopark has not built up a management structure: in fact, each Institution
involved manages its area of jurisdiction without interacting or the possibility of a common Geopark budget or
management body. This leads to a lack of visibility and to a non-homogenous Geopark infrastructure
development: under the jurisdiction of the National Park some Geopark actions are undertaken, but they are
limited in space and in time, not following any development plan within a five-year framework, as requested to
be a UNESCO Global Geopark.

The finance for the UNESCO Global Geoparks comes from different sources and there are no specific funds
allocated for its functioning and operational costs. Furthermore, there are no direct employees working for the
Geopark, but employees of the parks work a certain number of hours for the Geopark without sharing a clear
common working strategy.

Ata local level, it is possible to conclude that the existence and use of a specific database for geosite classification
supports the development of the Geopark’s geosite action plan, which is a mandatory tool for UNESCO Global
Geoparks and the effective development of infrastructure. The adoption of the presented database adopted by the
managers of the two analysed UGGp will facilitate the development of geosites, their monitoring procedure, the
establishment of protection strategies and better interpretation plans.

It is also relevant to underline how the adoption of a common framework for Geosite classification within
UNESCO Global Geoparks, would not only facilitate the preparation of the application dossier for membership
to the UGGp Network but at the same time it would also support the evaluation and re-validation procedures in
charge of the Advisory Committee.
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The database for geosite classification, developed as a first research product, is then required to allow an equal
evaluation and comparison between geoparks situated in different countries, and to better implement effective

action plans which take into consideration geodiversity as a driver for sustainable development.
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Chapter 5: Analysis and comparison of existing ecosystem
classifications (Phase 3).

The Chapter is describing the third Research Phase: inputs (violet) are given from the abiotic Gray s broad “abiotic
services” definition and their application to the geosites and from the existing biotic ecosystem assessment
methodologies and indicators.

Through the inputs, 4 geosites have been selected for further analysis and variables have been detected and
described within a specific space and time frame (yellow). First output of the Phase 3 are the abiotic indicators,
the application of which, results into the geosite assessment and second research output: the abiotic ecosystem
indicator schema and assessment (orange), see Fig. n.1.

The Ecosystem services have been defined as: “the conditions and processes through which natural ecosystems,
and the species that make them up, sustain and fulfil human life.” (Bawa K. S & Kaufman, 1997; Chan et al.,
2006).

During the last decade of scientific research, the crucial role of ecosystem services in maintaining biodiversity
and the related productions of goods have been deeply analysed, including the services life support functions both
tangible (cleansing, recycling, renewal) and intangible (aesthetic and cultural).

Valuing these services allows managers to implement policies that could lead to maximum benefits for local
communities, providing tools for evaluation and eventual risks. (Cooter et al., 2013).

During the last decade, several systems and measurement methods have been developed considering the variable
services provided by nature to the human population. This research briefly analyses the main characteristics of
the following methodologies: the Environmental-Economic Accounting (SEEA), the Millennium Ecosystem
Assessment and the Common International Classification of Ecosystem Services (CICES).

5.1. The System of Environmental-Economic Accounting (SEEA)

In March 2021, the new System of Environmental Economic Accounting (SEEA EA) statistical framework was
adopted, allowing countries to measure their natural capital and understand the immense contributions of nature
to our prosperity and the importance of protecting it. The SEEA EA takes a spatial approach to accounting, as the
benefits a society receives from ecosystems depend on where those assets are in the landscape in relation to the
beneficiaries. The system aims at setting up a comprehensive statistical framework for organising data about
habitats and landscape, measuring the ecosystem services and their value, linking them with human activities. The
United Nation in 2021 defined the system as: “providing a structured approach to assessing the dependence and

impacts of economic and human activity on the environment” (United Nations, 2021).

However, within the EEA Ecosystem Accounting, nature’s abiotic elements are not included in the classification;
neither are services related to water filtration and quality. Here, “biomass” is indicated as the main conditioning
factor, without mentioning the important roles of soil for drainage and filtration, or the role of bedrock for the
water mineral composition which benefits people’s health (Fig. 16). However, the EEA does not provide
communities, stakeholders, and scientists with an omni-comprehensive system including both bio and geo
Services.
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Figure 16, How ecosystem assets generate ecosystem services for beneficiaries in a spatial relationship
(United Nations, 2021).

5.2 The Millennium Ecosystem Assessment

In the year 2000, United Nations Secretary-General Kofi Annan called for the Millennium Ecosystem Assessment
(MEA) through a report to the UN General Assembly entitled “We the Peoples: The Role of the United Nations
in the 21st Century”.

In 1999, the MEA was initiated and conducted under the auspices of the United Nations, being governed by a
multistate-holder board including representatives of international institutions, governments, business, NGOs, and
indigenous peoples (MEA, 2005).

The MEA defines and classifies ecosystem services into several categories including provisioning services such
as food, water, timber, and fibre; regulating services that affect the climate such as foods, disease, wastes, and
water quality; cultural services that provide recreational, aesthetic, and spiritual benefits; and supporting services
such as soil formation, photosynthesis, and nutrient cycling (Joseph & Alia, 2003).

However, as figure 17 depicts, the categories of ecosystem services and components of human well-being that are
commonly encountered are very much linked together. In addition to the influence of ecosystem services on
human well-being, other components — including environmental, economic, social, technological, and cultural
factors — influence human well-being; ecosystems in turn are affected by changes in human well-being.

The main objective of the MEA (MEA, 2017) was to assess the consequences of ecosystem change for human

well-being and to establish the scientific basis for actions needed to enhance the conservation and sustainable use
of ecosystems and their contributions to human well-being (Fig. 17) (Reid et al., 2005).
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Figure 17 - Ecosystem Services and their Links to Human Well-Being (MEA, 2017)

The MEA classification — later also adopted by the United Kingdom to set up the National Ecosystem Assessment
— does not adequately consider the services deriving from geodiversity (Gray,2004). It listed the so-called
provisioning services as:

- Food (plants, animals);

- Fibre (wood, wool, cotton, etc.);

- Fuel (wood, etc.);

- Genetic resources;

- Biochemicals & pharmaceuticals;

- Ornamental resources (shells, flowers);

- Freshwater.

Apart from freshwater, all these are in fact biological services but there is no mention of the abiotic elements
which guarantee, for instance, the production of different kind of soils (and related food), or the geological
processes which are at the base of the hydrocarbon deposits (Fuel) (Schrodt F. et al., 2019) (Reid W.V. et al.,
2005). Therefore, the current framework of the MEA cannot be considered a comprehensive strategy which
includes both biotic and abiotic nature.

5.3 The Common International Classification of Ecosystem Services (CICES)

The Common International Classification of Ecosystem Services (CICES) has been developed from the
environmental research undertaken by the European Environment Agency (EEA), with first edition in 2013, then
revised in 2017.

The classification does not take into consideration the so-called “supporting services” as part of the ecosystem
services. In fact, within the CICES, the “supporting services” are considered the underpinning elements which
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ultimately determine “the capacity of the ecosystem to deliver particular services that can be represented by
concepts other than that of a service, say in terms of measures of ecosystem condition” (Roy & Potschin, 2018).

The latest version of CICES (v 5.1) includes an annex which lists 35 abiotic services, described as an “extension”
of the previous version; however, the document still does not express a clear vision concerning abiotic services
assessment in the overall natural system in relation to biotic services (Van der Meulen et al., 2016) .

Considering the lack of a comprehensive and balanced classification of biotic and abiotic components of
ecosystem services, Brilha proposed an innovative approach where geodiversity and biodiversity are equally
important (Brilha et al., 2018). A visual representation of the current relationship between geodiversity and
biodiversity within the natural capital and ecosystem services approaches (Fig 18) shows the overlapping area (in
yellow) where components of the two “natures” interact (such as water, soils, palaesoenvironments, landscapes,
...) or, for instance, the so-called related “provision services” interact. These are examples of the overlap between
ecosystem services and geosystem services since construction materials, industrial minerals and ornamental
products are mainly derived from the physical Earth without the intervention of any significant role for wildlife.

This comprehensive approach also includes so-called “Geo-knowledge services” deriving from the history of the
Earth, the history of geological research — including the results and interpretations of geological, palacontological,
geomorphological, geochemical, geophysical analysis — other methods, and the development of dating techniques
(Gray 2011, 2012).
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Figure 18 - A) It is showing the Nature and its diversion into Geodiversity and Biodiversity merging into the so called
“Natural Capital " made of both Ecological ecosystem capital (from biodiversity) and geosytem capital (from
abiotic nature) which are considered as distinctive part of nature, with no interaction between each other.
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Ecological/
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B) Proposed schema by Gray 2018, where Nature is composed of both Geodiversity and Biodiversity interacting
and communicating into each other, the result of that interaction is also reflecting the ecosystem services and
geosystem services, this underlines the necessity of specific synergy between abiotic and biotic nature, due to
their equal importance for the assessment of natural world and related services.

Several quantitative studies confirm that geodiversity generates profit in terms of direct income and indirect
benefit for communities, including those from the appraisal of Geoheritage and Geotourism. More in detail, a
regional study estimated Geodiversity as able to attract annual visitor expenditures of £11 million to the Isle of
Wight’s economy, generating between £2.6 million and £4.9 million in local income and supporting between 324
and 441 full time equivalent local jobs. (Webber et al., 2006).

It is also important to reiterate that the scientific-cultural values of geodiversity cannot be assessed only focusing
on the economy, but they should also be addressed to other categories of service. For instance, the services linked
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with spiritual or cultural needs are difficult to measure because they are not concretely visible or tangible;
however, they have the same value. (Foo et al., 2011).

As a matter of fact, geodiversity provides the ecosystem with both extrinsic and intrinsic goods and services to
the community; consequently, it becomes crucial to implement a geodiversity assessment within a methodology
planning strategy that considers natural resource management.

5.4. The Geosystem services or abiotic ecosystem services

The definition and description of “geosystem” or “abiotic ecosystem services” introduced by Gray
2004,2008,2012,2013; Brilha et al., 2018) underlines the multiple relevant services provided by abiotic nature to
the society. His view considers 25 major geosystem services, which result from the fact that the Earth is a geo-
diverse complex system (Fig. 19). Following the definitions given, they are divided into five categories:

e Regulating;
Supporting;
Provisioning;
Cultural;
Knowledge-related;

Regulating

cycle).

Supporting

5. Soil processes (e.g. weathering; soil
profile development) and soil as a
growing medium.

6. Habitat provision (e.g. dynamic
habitats; caves, cliffs, saltmarshes).

7. Land and water as platforms for
human activity (e.g. building land;
navigation; surfing).

8. Burial and storage (e.g. human and
animal burial; municipal landfill;
radioactive waste storage; oil and
gas reservoirs; carbon capture and
storage; water storage in aquifers,
lakes, glaciers, reservoirs).

P

1. Atmospheric and oceanic processes (e.g. dynamic circulations;
atmospheric chemistry; air quality and climate regulation; hydrological

2. Terrestrial processes (e.g. rock cycle; carbon and other biogeochemical
cycles; carbon sequestration and climate regulation; geomorphological
processes and natural hazard regulation; erosion control).

3. Flood regulation (e.g. infiltration, barrier islands, river levees, sand dunes;
floodplains)

4. Water quality regulation (e.g. soil, sediment and rock as natural filters).

F 3

Provisioning
Food and drink (e.g. freshwater;
mineral water; salt; beer and
whisky production)

10. Nutrients and minerals for healthy

growth.

. Energy (e.g. coal, gas, oil, uranium;
geothermal; hydroelectric; tidal,
wave and wind power).

12, Construction materials (e.g. stone,
brick, aggregates, steel, cement,
concrete, bitumen, glass).

13. Industrial minerals (e.g. metals;
alloys; pharmaceuticals;
fertilizers;

14. Ornamental products (e.g.
gemstones; precious and semi-
precious metals).

15. Fossils for sale.

-
—-

"4

el —
GEOSYSTEM SERVICES K

Cultural

16. Environmental quality (e.g.
local landscape character;
therapeutic landscapes for
health and well-being; sea
views).

17. Geotourism and leisure (e.g.
mountain scenery; rock
climbing; fossil collecting).

18. Cultural, spiritual and historic
associations (e.g. folklore;
sacred sites; historic stone
buildings; sense of place).

19. Artistic inspiration (e.g.
geological materials in
sculpture; inspiration for art,
music, literature, poetry).

20. Social development (e.g. local
geological societies; field trips).

‘ GEODIVERSITY

Knowledge

21. Earth history (e.g. evolution of
life; extinction; origin of
topography; past environments).

22. History of research (e.g. early
identification of igneous rocks).

23. Environmental monitoring and
forecasting (e.g. baseline studies
for climate and pollution research;
ice cores; sea-level change).

24, Geoforensics.

25. Education and employment (e.g.
field sites for university and
professional training; employment
in industry and geoparks).

Figure 19 — Five categories of 25 major Geosystem Services offered by Geodiversity (Gray M.,2018)
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5.4.1 Regulating Services

Regulating services are those which control the working of the physical environment and thus benefit society by
cycling, distributing, or balancing environmental phenomena or materials. Physical processes are important as
they create geomorphological landscapes and geological materials and play many other roles that benefit society.
For example, the atmosphere and oceans play crucial roles in regulating the temperatures on the planet. Their
global circulations redistribute heat away from the tropics and towards the poles; furthermore, the vital role of
water cycle and protection from sun radiation is also well known.

This category includes all services related with the atmosphere, oceans currents and hydrological cycle. Gray M.
defines them as: “The combination of oceanic and atmospheric circulation drives global climate by redistributing
the heat”.

Terrestrial Processes

Terrestrial processes include: the carbon cycle, the cycle of erosion, transportation, deposition, and the uplift
processes that constantly renew the Earth with fresh rocks. Geomorphological processes are also included in this
category; however, they have their own regulating functions linked with the mitigation of climate change.

Flood Control

Flood control services, from an abiotic point of view, are ones provided by geomorphological landforms such as
beach ridges, river levees or sand dunes. Within these services, physical and ecological processes often act
together.

Water quality

Soils and sediments act as “filters”, improving water quality and adding minerals and important nutrients;
furthermore, in the case of thick layer of not permeable soil, the sediments reduce the possibility of water pollution.

5.4.2 Supporting Services

The geosystem’s “supporting services” contribute to human development thanks to the provision of platforms for
human activities, rock cycles and soil formation, which are vital processes for agricultural and fishing activities.
The geomorphological features are essential in the planning of cities, airports, and dams, while the rock
characteristics allow people to better choose sites for storing materials, radioactive waste, or carbon sequestration
(Gray M., 2004). Water categories as supporting service includes aquifer, wetlands, rivers, lakes, and soil water.

Soil services

The role of the soil, which is “the biologically active, porous medium that has developed in the uppermost layer
of Earth’s crust”, supports not only plant growth but it also acts as a medium for food, timber and energy crops;
it stores and regulates water, supports habitats and energy crops. (Sposito G., 2020)

Habitat provision

This includes some of the most important factors controlling the supporting service in the physical environment:
topographic features, lithology and geochemistry influence the temperature and, consequently, the diversity of the
bio-habitats.
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Platforms

Land surface as a platform for human activities: to each human activity corresponds to a specific land “platform”;
said platform takes a different form according to the selected different activities, for example surface for
agriculture or platform for industrial building.

Burial and storage

Throughout human history, diverse rock types have been used for burial purposes or as gravestones; some
communities also used them for storage.

5.4.3 Provisioning Services

Provisioning services derived directly from the geological resources, like industrial rocks and minerals, metallic
minerals, energy materials, gemstones, which are, by definition, not renewable. Water and inorganic nutrients are
also related to geological processes, and they have been included both in provisioning and supporting
services. Water, within the provisioning service, includes domestic use, agricultural, industrial and energy use.

Food and Drink

Abiotic nature offers drinking water through aquifers, lakes, glaciers, ice sheets, but also food like calcium
carbonate and salt.

Nutrients and minerals for healthy growth

Abiotic nature provides all the elements which are essential for plant and animal life; all minerals are obtained
from food being derived from soil.

Mineral fuels
Coal, peat and oil deposits come from biotic and abiotic conditions, pressures and certain temperatures.

Construction minerals

Rocks and minerals are more diffused construction materials than timber frames, thatched roofs, and wooden
cladding.

5.4.4 Cultural Services and Knowledge Services

Cultural services are defined by Gray M., as the “value placed by society on some aspect of the physical
environment by reason of its social or community significance”.

This category is directly linked with the so-called: “intrinsic values” or “social values” which are not the
“economical” values linked with spiritual and cultural values which are very often difficult to quantify. In fact,
cultural services relate to people’s perception of the world, linked with aesthetic value of a landscape, and the
historical or even sentimental value of a place, which is rather subjective and not directly linked with any economic
benefits.

These values can be declined in three main types: “intrinsic values”, which O’Neill defines as “the sense of value

that exists independently of human valuations”’; “instrumental values”, which describe how an ecosystem, in our
case a “geosystem” and its services, directly contribute to the beneficiary’s wellbeing (Gray M. 2013); and
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“relational values”, how people relate with nature, in our case “abiotic nature”, e.g. shepherds caring for their
pastures. These three typologies of “cultural values” are the ones that shape people’s perception of the abiotic
world and that inform their choice of how to manage it. (Gray M., 2019; Small et al., 2017)

Environmental guality

This first subcategory refers to the visual appeal provided by the diversity of the physical environment, which is
characterized by landforms, landscapes such beaches, glaciers, mountains, fjords, cliffs, glaciers, and
waterfalls. The simple pleasure deriving from the beauty of natural variety is a service provided to human
communities by geodiversity.

Geotourism and leisure activities

So-called “geotourism” is a new form of tourism based on the geological environment; it is quite a new form of
tourism, which has been defined as promoting geo-sites and the conservation of geodiversity through visits to
geological features, the use of geo-trails and viewpoints, guided tours, geo-activities, and the patronage of geosite
visitor centres (Dowling 2014) (Gray2004; 2012).

After the Arouca Declaration (EGN, 2011), “geological tourism” is mostly viewed as one of the multiple elements
of geotourism. UNESCO Global Geoparks represents one of the most interesting geotourism initiatives which
aims at boosting local economic development also through tourism activities linked with geoconservation and
geodiversity, involving local communities within a bottom-up approach (Thiene & Tempesta 2000). The value of
this service is in terms of economic, educational and leisure benefits.

Cultural, historical and spiritual meaning

Since the beginning of human development, our ancestors have had a very close relationship with local landforms,
geomaterials, and physical processes. Rather early on, humankind started to identify natural phenomena as an
expression of mythological powers or giving names to locations related with spiritual and or religious values.

Artistic Inspiration

Geoheritage features, landscapes, and landforms have always been sources of inspiration for artists, writers,
musicians, and poets. An example is provided by Harmon when he describes Thomas Moran and the photographer
William Henry Jackson in bringing the scenic wonders of Yellowstone to the attention of the U.S. Congress and
the public. (Harmon, 2004)

Social development

Activities related with geotourism, educational or geological community events are contributing to increasing
people’s awareness about the importance of geodiversity in society.

Earth History and History of Research

The study related to geological heritage and geodiversity contributes to increasing knowledge about the Earth
history phenomena, understanding the changes along the history of the Earth, and facing new future challenges.
One of the reasons for the importance of geological sites is that they contribute to the progress of scientific
research.

Environmental Monitoring

Geological formations and geological sediments recording the environmental changes which occurred along the
Earth's history. The analysis of the environmental records could help to understand the past but it also supports
the understanding of present events and setting up effective strategies for the future.
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Geoforensics

The abiotic nature could support geoforensics, which is the discipline connecting sediments, rocks and traces to
suspected murder scenes.

As stated in the Chapter 5.3, the descriptions provided by Gray are aiming at underlining the needs of including
abiotic nature as an active part of the overall assessment regarding landscape and services related to human
development.

The Gray’s proposed approach opens debates and new important initiatives regarding the effective role of
geodiversity and its importance for human development, needs of protection and its valorization.

The present research, starting from the application of Gray approaches and its assessment in the 8 selected
geosites, described in the next paragraph, aiming to expand further the analysis, detecting innovative indicators to
be applied at abiotic nature.

5.5 Preliminary analysis of the ecosystem services.

Each of the 25 abiotic ecosystem services has been analysed both through desk research and collecting data from
the field. The data collected came from interviews with the MGp General Manager and interviews with members
of the scientific board of SVUGGp.

The research is combining field data collection and data research, through the application of the Gray description
and it is providing a preliminary assessment of abiotic ecosystem services in each of the 8 geosites selected
(Complete assessment of Eigeray is visible in Annex 4).

As the table n. 3 regarding Eigergy shows it is possible to detect some conclusions about the services provided by
the geosite to the communities.

The Supporting services

Habitat Provision: Birds and other wildlife also find the perfect habitat in the geosite, so the geosite is also
providing a habitat platform.

Land and water as a platform for human activities: services are provided by the geosite to the communities thanks
to the land provision for the development of human activities in relation with the building of the lighthouse and
other coastal buildings related with the fishing industry.

Provisioning Services: The geosite also provides the communities with clay for making the local traditional
pottery which has been produced for centuries.

The Knowledge-Cultural services are relevant both for the lighthouse and for the intangible heritage linked with
the glacier grooves and striae on the bedrock surface, which are visible along the trail and provide important
support to educational activities and storytelling.

From the Geotouristic point of view, the geosite is one of the most accessible walks in the Geopark and is used
by hundreds of visitors all year round.

The geosite is important for the Earth history processes related with the Egersund-Ogna anorthosite: it represents
the products of magma that slowly cooled in a huge chamber 20 km below the surface about 930 million years
ago.

The geosite also provides important service related with the “History of Research”.

Geologist Harrison Schmitt was born in the United States on July 3, 1935. He went to Oslo University to study
geology in the late 50s and visited Eigersund in connection with field studies of the Moon rock Anorthosite.
Schmitt is the only Earth scientist who has been on the Moon, aboard Apollo 17 Mission. During three days in
December 1972, he gathered 110 kg of moonstone, including anorthosite from Eigergy. The Geopark’s
interpretation panel is visible on site with information in English and Norwegian.
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Environmental and Forecasting: In Eigergy, there is a weather-temperature and wind power station inside the
lighthouse, so it is relevant as a broadcasting weather station. The site is well used for educational purposes, is
part of the Magma Geopark educational offer and is included in the APP and virtual reality.

Abiotic Ecosystem system services
Regulating 1 Atmospheric and oceanic processes
2 Earth processes
3 Flood regulation
4 \Water quality regulation
Supporting 5 Soil processes
6 Habitat provision
7 Land and water as platform for human activities
8 Burial and storage
Provisioning 9 Food and drink
10 Nutrients and minerals
11 |Fuel
12 Construction materials
13 Industrial minerals
14 |Ornamental products
15 Fossils
Cultural 16 Environmental
17 Geotourism and leisure
18  |Cultural spiritual and historic
19  |Artistic inspiration
20 Social development
Knowledge 21 Earth history
22 |History of research
23 |Environmental monitoring and forecasting
24 Geoforensics
25 Education and employment

Table 3, Abiotic Ecosystem Services detected in Eigergy lighthouse, Gentilini. 2019, ref. to Gray 2013

Following the assessment results, is possible to conclude that, to run a specific evaluation of the ecosystem
services in geosites, a tailored detailed framework for better understanding the connection between the services
and the geosites would have been necessary; in fact, without the application of specific methodology for measuring
the detailed impact of each single factor involved in the service, only superficial qualitative analysis could be
carried out. These results underline the needs for further studies regarding the development of indicators for abiotic
nature which are undertaken in the Chapter 5.5 as main outcome of the present research.

5.5.1 Analysis of existing indicators for biotic services and its adaptation

The focus of this research is the development of a targeted methodology for assessing both geodiversity and
geoheritage to enhance management strategies and sustainability solutions within UNESCO Global Geoparks.
An essential starting point for the research is the detection of a possible framework of indicators for assessing the
abiotic ecosystem services. Before applying this framework to the detailed analyses of four selected geosites
within two UNESCO Global Geoparks, some conceptual issues of the methodology must be dealt with.

There are several parameters and rules to define new indicators, and several specific frameworks have been

developed within biotic nature. The PhD research adopted the definition of the word indicator as “a measure
based on verifiable data that conveys information about more than just itself” (Brown C. et al., 2014).
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Since indicators must be addressed to a specific purpose and to a targeted audience, the PhD research applied the
above-mentioned definition to the Geodiversity context. To develop specific indicators for the abiotic ecosystem
services (abiotic nature by Gray, 2012), some important preliminary considerations for the establishment of the
indicator’s framework can be derived from the Biodiversity Indicators Partnership (BIP) (BIP 2011):

1. Spatial scale: the definition of a spatial scale depends on the end users’ needs and its relevance to
decision-making, from the context and the data availability.

2. Temporary scale: this depends on the outcome of the indicator.

3. Baseline: this will be important for making comparisons over time and this should reflect a relevant time.

4. Operationally: the data and methodology should be selected so the process can be reproduced in the
future and by others.

5. Validation: important consideration when calculating indicators as it will explain outliers and identify
inaccuracies.

6. Multiple data layers: Given the complexity of ecosystem services, it is usually a requirement that several
indicators be adopted to represent a service more completely.

7. Measurement units: units need to be chosen and compared.

8. Raw/derived data: data required for indicators often needs to be derived from other datasets to be useful.

Special recommendations for the development and use of ecosystem services indicators within biotic nature have
been developed by the United Nations Environment Programme World Conservation Monitoring Centre in 2011
(Walpole et al.; 2011), which can be resumed as following:

1. Ensure that the objectives are clear: specific questions need to be addressed.

2. Start with a small set of specific indicators.

3. Where possible, try to create indicators for all types of ecosystem services.

4. Develop indicators as an iterative process within existing data.

5. Benefits for societies need to be considered.

6. Include biodiversity, geodiversity and ecosystem services which are not interchangeable.
7. Deciding the scale of indicators is important for a decision-making contest.

8. Assess trends and consider synergies and trade off.

9. Engage stakeholders at an early stage of the research and choose specific target groups.
10. Strong communication for increasing public and private engagement.

The framework created by the Biodiversity Indicators Partnership has been chosen from this research as a base
framework for developing provisional abiotic indicators (Biodiversity Indicators Partnership, 2011).

Within the related workflow (Fig. 20), the main component’s colours (red, purple, green) correspond to main
functions (Purpose, Production and Permanence) for the framework development:

e Purpose (red steps) — functions needed for selecting successful indicators that respond to the users’ needs

e Production (purple steps) — essential actions to generate indicators.

e Permanence (green steps) — mechanisms for ensuring the indicator’s continuity and sustainability of the
services.

The framework underlines that while it is not mandatory to cover all the steps, “the more of the steps that are
covered in the process the more indicators will be successful”.
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Figure 20 - Biodiversity Indicators Development Framework, from Biodiversity Indicators Partnership:
(https://www.bipindicators.net/national-indicator-development)

5.5.2 Application of the framework made by the Biodiversity Indicators Partnership

a) ldentify and consult stakeholders / audience

Stakeholders need to be identified together with the target audience for the use of the indicators. The accuracy of
this step guarantees the fulfilment of real needs.

The following stakeholder categories have been involved in the current research:
Geopark managers

Norwegian Geological Survey members

Members of the roster of evaluators UNESCO Global Geoparks.
Scientists

‘LU

Specifically, consultations took place with the Magma Geopark Director, Chief of the Norwegian Geopark’s
Committee and UNESCO external appointed evaluator, the Chief of the Sesia Val Grande scientific committee
and UNESCO IGCP advisor, and the Manager for new Geoparks and geotourism at the Norwegian Geological
Survey.

The main target group addressed in the development of the framework are UNESCO Global Geoparks, UNESCO
Global Geoparks managers, and local policy makers.

The research lacks the policy makers involvement during the development of the methodology due to Covid-19
pandemic restrictions.
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b) Identify management objectives and targets

The purpose of the identification of indicators for abiotic ecosystem services is to support decision making and
managers to develop specific strategies for Geopark management and landscape planning. All aspiring and
recognized UNESCO Global Geoparks already agreed on objectives and targets defined in the International
Geoscience and Geoparks Programme (IGGP) Operational Guidelines. (UNESCO, 2015)

The management objectives can relate to the overall research objectives:
= To detect the weak points of the territories in terms of assessment of geodiversity and biodiversity.
= To define which abiotic services are acting in the two pilot Geoparks and at what scale.
= To establish provisional values which support the managers in developing tailored strategies for
landscape planning also in case of geopark application to the IGGP Programme.
= To provide managers and institutions with a tool able to register the geosite’s characteristics “on site”
and to develop guidance for best environmental practices.

¢) Determine key questions and indicator use

Key questions are crucial for defining the purpose of the indicators; questions may require several data sets or
indicators. Questions for each single indicator have been set up to detect the most influential geological
phenomena influencing the services. The research adopted an iterative process for the definition of questions,
starting from preliminary general questions, leading to more detailed enquiries listed on the Annex 6, described
in detail in the following chapters (Chapters 5.4).

d) Develop a conceptual model

A conceptual model related with the research has been developed in comparison with the one presented above by
the Biodiversity Indicators Development Framework (Fig. 20; Chapter 5.2.1). Several progressing phases are
included in the workflow, from preliminary general classification of the type of ecosystem services to more precise
definitions of indicators by means of targeted tables and indexes. Questions detected by each service give answers
and support to detect specific indicators.

e) ldentify possible indicators

The identification of the final preliminary abiotic services indicators has its route within the already approved
indicators developed for biotic nature assessment, in combination with scientific rigour and creative thinking.
(Chapters 4.4.3 and 4.4.4). The identification of possible indicators proceeded step by step in parallel with the
iterative process applied for the question’s development: starting from qualitative broad indicators (Annex 6,
Phase 1) linked with generic definitions, it ends with detailed specific quantitative scientific-based indicators
(Annex 6, Phase 3).

f) Calculate indicators

The calculation of the indicators, explained in detail in the following Chapter 5.4 and 5.5, has been developed
adopting a homogenous scaling system within each service; however, one common scale could not be
applied to all the services due to the peculiar characteristics involved.
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g) Communicate indicators

The developed provisional indicators have not been communicated yet in any story or narrative. Presentation,
interpretation, and discussion of the indicators are welcome within scientific and technical meetings of the
Geoparks’ community

h) Test and refine indicators

Due to the COVID-19 restrictions during the PhD research time, appropriate testing and refining of the
detected provisional indicators have not taken place yet; therefore, further testing of indicators in other
UNESCO Global Geoparks territories is recommended.

i) Monitoring and reporting system

The monitoring and reporting system should be developed after further data testing and strengthening of the
suggested methodology. It is recommended for monitoring results after a certain period.

5.6 The development of the provisional abiotic indicators, detailed analysis of
the second research product (Annex 6)

The second research output is the final tool for developing the abiotic indicators, (Annex 6). Here the four main
phases of the abiotic ecosystem indicator’s development are resumed on a single worksheet (“Sheet 1; “Sheet 2”;
“Sheet 3”; “Sheet 47).

An iterative process, starting from “Sheet 1” (preliminary qualitative analysis of abiotic ecosystem services),
continuing throughout “Sheet 2” (comparison to biotic conditioning factors) and “Sheet 3” (comparison to abiotic
conditioning factors) leads to “Sheet 4”, i.e., the final calculation of quantitative indicators for each of the four
detected geosites.

The final output (Annex 6) is presented as a tool for supporting the Geopark manager in selecting, describing, and
assessing geosites within UNESCO Global Geoparks.

5.6.1 Preliminary qualitative analysis of the existing definition of abiotic services
(Annex 6, Sheet 1)

The analysis aimed at the detection of indicators for abiotic nature, after analysing the overall Grey theory, focused
on the comparison between the examples given by Gray (2013) for each service and preliminary questions raised
though the field analysis run in both UGGp. (Annex 4, Sheet 1, Columns A-B).

Preliminary questions (Annex 4, -Sheetl, Column “D) focusing on detecting if the single geosite influences the
service and "at what scale”, which is the geosite role, its impact and eventual contribution.

From the preliminary broad questions (column D) has been possible to detect preliminary broad qualitative

indicators (column E) which have been defined following examples of abiotic services (column C) from the
existing literature.

5.6.2 Selection and brief analysis of provisional biotic factors influencing each abiotic
service (Annex 6, Sheet 2)

Starting from the 25 abiotic ecosystem services main categories, the present research developed a comparison
with biotic services detected by the UNEP-WCMC (2011).
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In the Sheet n.2, Column A. are listed the main abiotic services (Gray 2013):

Regulating: N1) Atmospheric and oceanic processes, N2) Terrestrial processes, N3) Flood control and N4) Water
quality regulation.

Supporting: N5) Soil processes, N6) Habitat provision, N7) Land as a platform for human activities and N8)
Burial and storage.

Provisioning: N9) Food and drink, N10) Nutrients and minerals, N11) Fuel, N12) Construction materials, N13)
Industrial materials N14) Ornamental products and N15) Fossils.

Cultural-Knowledge: N16) Environmental quality, N17) Geotourism and leisure, N18) Cultural spiritual and
historic, N19) Artistic inspiration, N20) Social development N21) Earth history, N22) History of research, N23)
Environmental monitoring and forecasting, N24) Geoforensics and N25) Education and employment.

The Sheet 2, column C includes the biotic services detected by UNEP-WCMC:

Regulating: N7) Air quality regulation, N8) Climate regulation, N9) Natural hazard mitigation, N10) Water
regulation, N11) Waste treatment, N12) Erosion protection, N13) Soil Formation, N14) Pollination, N15)
Biological Regulation.

Supporting: N16) Nursery habitat, N17) Gene pool protection.

Provisioning: N1) Food, N2) Water, N3) Fibre and Fuel, N4) Genetic materials, N5) Biochemical products, N6)
Ornamental species.

Cultural-Knowledge: N18) Aesthetic appreciation, N19) Recreational opportunities, N20) Inspiration for culture
and design, N21) Cultural heritage, N22) Spiritual and religious inspiration and N23) Education and science for
formal education.

After listing the biotic ecosystem services, the related indicators (UNEP-WCMC -Walpole M. et al.,2011; Brown
C. etal. 2014) are summarised in column D; however, the overall explanation par each of the indicators is visible
in the following Table 4.
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regeneration

formation and regeneration
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13. Soil formation and|Role of natural processes in soil|Vegetation cover root-matrixJAmount of topsoil (re) generated

per haly

14. Pollination

Abundance and effectiveness
of pollinators

Number and impact of

pollinating species

Dependence of crops on natural
pollination

15. Biological regulation

Control of pest populations
through trophic relations

Number and impact of pest-
control species

Reduction of human diseases,
live-stock pests

Habitat or Supporting

16. Nursery habitat

Importance of ecosystems to
provide breeding, feeding or
resting habitat for transient
species

Number of transient species
and individuals (especially|
with commercial value)

Dependence of
other ecosystems (or
‘economies’) on nursery service

17. Genepool protection

Maintenance of a
ecological balance
evolutionary processes

given
and

Natural biodiversity|
(especially endemic
species); Habitat integrity]

(irt min. critical size)

Ecological value (i.e. difference
between actual and potential
biodiversity value)

Culture and amenity

18. Aesthetic: appreciation of]
natural scenery (other than
through deliberate recreational
activities)

Aesthetic  quality of the
landscape, based on, for
example, structural diversity,
‘greenness’, tranquillity

Number/area of landscape
features with stated
appreciation

Expressed aesthetic value, for
example: number of houses
bordering natural areas, number,
of users of ‘scenic routes’

19.
opportunities

Recreational:

for tourism and recreational
activities

Landscape-features Attractive
wildlife

Number/area of landscape
and wildlife features with
stated recreational value

Maximum sustainable number of]
people and facilities

20. Inspiration for culture, art
and design

Landscape features or species
with inspirational value to|
human arts

Number/area of landscape
features or species with
inspirational value

Actual use number of books,
paintings. Using ecosystems as
inspiration

21. Cultural heritage and
identity: sense of place and
belonging

Culturally important landscape|
features or species

Number/area of culturally
important landscape features
or species

[Number of people ‘using’ forests
for cultural heritage and identity

.. . . |Landscape features or species|Presence  of  landscapel[Number of people who attach
22. Spiritual and religious ith iritual lidiousls - ithlspiritual liai anifi
inspiration with spiritual and religious| ea_ltgres or species withjspiritual or religious significance

value spiritual value to ecosystems

23. Edu_cz_atlon e SCIENCelE o atures with special|lPresence of features with
opportunities for formal and - S - - Number of classes visiting.
R ] educational and scientific|special  educational and L .
informal education and . o - Number of scientific studies
training value/interest scientific value/interest

Table 4. Indicators for determining use of ecosystem services (UNEP-WCMC 2011).
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The above biotic services have been compared with the abiotic services and possible matches have been

investigated; see table below. (Table 5)

A B C
Abiotic Services Connected Biotic services Biodiversity Indicators
Regulating

N1) Atmospheric and oceanic processes

7) Air quality regulation

Leaf area index NOXx-fixation

N2) Terrestrial processes

9) Natural hazard mitigation

10) Water regulation

12) Erosion protection

13)  Soil  formation

regeneration

and

Land cover characteristics and similar
\Water-storage (buffer) capacity in m3

Denitrification (kg N/haly);
Immobilisation in plants and soil

Vegetation cover root-matrix e.g. bio-
turbation

N3) Flood control

9) Natural hazard mitigation

10) Water regulation

12) Erosion protection

13) Soil formation and
regeneration

Land cover characteristics and similar

\Water-storage (buffer) capacity in m3
Denitrification (kg N/haly)

Immobilization in plants and soil

Vegetation cover root-matrix e.g. bio-
turbation

N4) Water quality regulation

10) Water regulation

12) Erosion protection

\Water-storage (buffer) capacity in m3
Denitrification (kg N/haly)

Immobilization in plants and soil

regeneration

13)  Soil  formation and
regeneration Vegetation cover root-matrix e.g. bio-
turbation
Supporting
N5) Soil processes 13) Soil  formation  and[Vegetation cover root-matrix e.g. bio-

turbation

N6) Habitat provision

17) Genepool protection

Natural ~ biodiversity  (especially|
endemic species); Habitat integrity (irt
min. critical size)

N7) Land as a platform for human
activities

11) Waste treatment

13)  Soil
regeneration

formation

16) Nursery habitat

and

\Water retention capacity in soils or at
the surface

Vegetation cover root-matrix e.g. bio-
turbation

Number of transient species and
individuals (especially with
commercial value)

N8) Burial and storage None

Provisioning

N9) Food and drink 1) Food Total or average stock in kg/ha
2) Water Total amount of water (m3/ha)
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N10) Nutrients and minerals

13)  Soil  formation  and

regeneration

VVegetation cover root-matrix e.g. bio-
turbation

N11) Fuel 3) Fibre and Fuel Total biomass (kg/ha)
N12) Construction materials None
N13) Industrial materials None
N14) Ornamental products None Total biomass (kg/ha)
N15) Fossils None

Cultural and knowledge

N16) Environmental quality

8) Climate regulation

Greenhouse gas-balance (especially
carbon sequestration)

N17) Geotourism and leisure

19) Recreational opportunities

Number/area of landscape and wildlife
features with stated recreational value

N18) Cultural spiritual and historic

20) Inspiration for culture and
design

Number/area of landscape features or
species with inspirational value

N19) Artistic inspiration

20) Inspiration for culture and
design

Number/area of landscape features or
species with inspirational value

N20) Social development

23) Education and science for
formal education

Presence of features with special
educational and scientific
value/interest

N21) Earth history

23) Education and science for
formal education

Presence of features with special
educational and scientific
value/interest

N22) History of research

23) Education and science for
formal education

Presence of features with special
educational and scientific
value/interest

N23) Environmental monitoring and
forecasting

None

N24) Geoforensics

None

N25) Education and employment.

23) Education and science for
formal education

Presence of features with special
educational and scientific
value/interest

Table 5. Proposed connections between abiotic ecosystem Services (Gray M. 2015) and biotic Ecosystem Services (UNEP-

WCMC 2011). Gentilini S. 2021.

Table 5 shows significant overlapping between biotic and abiotic indicators, which both characterize the 25 abiotic
ecosystem services (Gray M., 2018). Eighteen indicators detected for biotic services (Table 5, Column C) are
directly connected with one or more abiotic services: the common indicators constitute the baseline for the
following development of provisional abiotic nature indicators within the present research.

5.6.3 Selection of the space and time framework for the evaluation of each single

ecosystem service (Annex 6,

Sheet 3).

Since Geodiversity deals with a variety of natural phenomena related to a wide range of spatial and temporal
scales, the related abiotic ecosystem services can be controlled by global, continental, regional and local
conditioning factors (Gray, 2013); moreover, they can be delivered either by slow, long-term Earth processes or
by fast, contemporary, and impulsive phenomena. Therefore, in the selection of the space and time framework for
either the assessment of Geodiversity or the evaluation of each single ecosystem service (Zwolinski et al., 2018;
Gray, 2018), it is worthwhile to consider the human perspective of the observer analysing the geosite.
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This PhD research took into consideration a “human” framework of geodiversity and related ecosystem services
by considering the evolutionary stages of the geological processes and their spatial and temporal dimensions with
respect to human history (Giardino, 2019). In this perspective, two possible related ecosystem services have been
considered:
e  “static” conditioning factors, with none or slight changes within the geosite during human life.
e “dynamic” processes, with on-going changes during time and space dimensions relevant for the human
perspective of the observer analysing the geosite.

Geological processes which influence the services (Sheet 3, Column C)

Phase 3 includes a detailed description of each service, starting from the two preliminary definitions: one from
Gray M. (2013) and the one by the PhD research team, derived from the field work and desk research.

Two main questions were asked:
1)What are the main geological processes at the base of each service and what are their scientific definitions?
2) Which geological processes could increase or decrease the influence of the geosite in the specific service?

Abiotic factors influencing the process and, consequently, the service (Sheet 3, Column D)

Starting from the geological definition, the research proceeds with the detection of each single factor. Within the
Phase 3 worksheet, Column D lists the abiotic factors which influence the development of the overall geological
process and consequently, each ecosystem service. By detecting the abiotic factors, the so-called indicator
“variables” have been individualised and are shown in the following columns (E to M).

The indicator variables are selected to allow measurements based on verifiable data. Scale and assessment are
added in the following research development.

Here below, the application of the above-described framework to the Abiotic Service N2 “Terrestrial Processes”:

By considering the abiotic factors influencing the development of N2 ecosystem service, a geosite is “active”
when it is affected by active geological processes either of an endogenetic and exogenetic nature:
- tectonic uplift or volcanic processes, or
- other phenomena like rock weathering, erosion, transportation, deposition (here the role of rivers, sea
waves, beaches, salt marshes and other geomorphological phenomena).

The variables relevant for individualising indicators are then related with:
- crustal mobility /uplift (characterized by various rates);
- erosion (influenced by sub factors, namely those controlling local energy of erosional processes and
resistance to erosion),
- transportation (related to the presence of local geomorphic agent) and
- deposition.

Here below the related questions, supporting the development of qualitative indicators:
1) Are any rock weathering, erosion, transportation, deposition, uplift (role of rivers, sea waves, beaches,
salt marshes) and/or geomorphological processes active within the geosite?
2)  Are the geosites located in a river band, on a beach, or subject to erosion due to glacier, wind or current
factors?

Columns E-F-G-H include the four detected variables (crustal mobility, erosion of the bedrock, transportation,
and deposition) and the related sub-questions for detecting quantitative indicators.

Column N lists the “Benefits for society”, one for each service, focusing on a local, regional, and national level.
There are many abiotic benefits to society deriving from abiotic services: soil capacity, store carbon, soil
productivity, land use, construction minerals, tourism activities, empowerment of citizens, etc. (Gray 2018,2019;
Brilha).

Further explanation of each single variable and the quantitative evaluation of each abiotic ecosystem service are
listed and presented within Annex 6, Phase 4, including rates and comments on results of the application to
geosites.
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5.7 Abiotic service indicators and assessment methodology, Output 2.

The research further analyses each variable assigning them a specific definition, values and scale.

Each single factor has been assessed within a scale ranging from 10 (minimum- equal to zero) to 100 points
(maximum). The scale also includes four intermediate values: Low = 30 Medium = 50 High = 80

Max = 100.

5.7.1 Regulating services

1) Atmospheric and oceanic processes (N1).

A. Question: How high is the protection of the single geosite from the atmospheric and oceanic processes?
To understand at what level-scale the geosite is regulating the climate, it is necessary to know to what
extent the geosite is influenced by the climate phenomena. To assess at what scale the geosite’s abiotic
characteristics can effectively mitigate the effect of the atmospheric and oceanic process on the local
climate, the following scale has been applied: the highest score corresponds to the highest level of
protection exerted by the geosite.

B. Geological processes which influence the services:
The PhD team’s definition of service: mitigation actions/effects/processes provided by the
characteristics of the geosites to the community.
Gray.’s definition of service: “The combination of oceanic and atmospheric circulation driving global
climate by redistributing heat”.
Gray’s definition of climate corresponds to the one found in dictionaries, that is: “the general weather
conditions usually found in a particular place* (Cambridge Dictionary: “climate”).
Climate is composed of six main interrelated factors (variables) which contribute to temperature
mitigation or, on the other side, temperature dropping.

C. Abiatic factors influencing the process. Scale and assessment:
The climate is influenced by the following abiotic factors (variables):
a) Altitude
We have defined the scale from 0 m a.s.l. to above 1500 m a.s.l.

The higher the altitude, the lower the level of protection against the atmospheric and oceanic
process in a geosite. The lower the altitude, the higher the protection.

We have set the following scale and values:
- Below500 ma.s.l. =100
- From 500 to 1000 m a.s.l. = 80
- From 1000 to 1500 ma.s.l. =50
- From 1500 to 2500 m a.s.l.= 30
- From 2500 to 3500 ma.s.l. =10

b) Climate zone
There are five main temperature zones according to the Képpen- Geiger Climate Classification:
Temperate, Humid Tropical, Arid, Continental and Polar.
Each zone is divided according to seasonal precipitation and temperature patterns (Arnfield,
2020; Peel et alia, 2007).

Temperate: moderate rainfall spread across the year or a portion of the year with sporadic
drought; mild to warm summers and cool to cold winters.

Humid Tropical: humid tropical climates, as the name implies, are warm and wet. The mean
temperature for any month seldom falls below 64°F (18°C), so there is no winter but there is
plenty of rainfall in these climates. They receive on average about 150 centimetres of rain per
year, which may be concentrated over a few months or spread throughout the entire year.
(Cunningham , n.d.)
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c)

d)

e)

Avrid: an arid climate is one that receives less than 10 inches (25.4 centimetres) of rainfall in an
entire year. Flash floods are frequently a danger in arid climates after thunderstorms, as the dry,
compact soil cannot absorb water quickly enough to capture the rain. Streams swell with water
for a few hours and then dry up again until the next cloudburst (Encyclopaedia of Water Science,
n.d.).

Continental: a climate characterized by hot summers, cold winters, and little rainfall, typical of
the interior of a continent (Collins English Dictionary, “Continental Climate™).

Polar: the climatic type associated with regions inside the Arctic and Antarctic Circles. A
gradation of climatic characteristics exists towards the poles, from tundra conditions to those of

perpetual frost. (Dictionary of Ecology “Polar Climate”).

Geosites located in temperate and arid climates are less exposed to weathering, so they are more
protected; the polar climate has the biggest impact on the local climate and weathering, so it is
linked to the lowest score.
The two Geoparks are both inside the Continental zone.
The scale and the score are the following:

- Arid =100

- Temperate= 80

- Continental = 50

- Tropical =30

- Polar=10

Presence of mountain chains (1000 m a.s.1.)
We took into consideration only mountain chains above 1000 m elevation; the distance is
calculated as the difference in altitude between the geosite and the summit of the mountain in
the vicinity.
We considered the distance from the geosite as a parameter for determining the role of the
mountain chain in the protection of the geosite from atmospheric processes. The mountain
reliefs play a crucial role in climate mitigation, so geosites located in the proximity of
significantly high mountains could offer a different climate to the communities living in it
compared to geosites located in plains and flat areas.
The scale and values are the following:

- No mountain = 10

- mountain presence between 100 km to 70 km = 30

- mountain presence between 70 km to 50 km =50

- mountain presence between 50 km to 30 km = 80

- mountain presence closer than 30 km =100

Slope exposure (North/South)
The slope exposure influences the atmospheric-climate characteristics of the geosite both in the
southern and northern hemispheres.

- In the Northern hemisphere, geosites exposed South get more light exposure, so they

are linked to the maximum score = 100

- Flat area =50

- W-E =30, while geosites exposed North are linked with the minimum score N = 10.
In the Southern hemisphere, it is exactly the opposite.

Water proximity
We have extensively discussed this parameter, considering first the water source, then the

amount of water needed to influence the microclimate at a geosite. We agreed that the sea is the
only water reservoir able to impact the microclimate of a geosite for a prolonged period.
The scale and score selected is based on the vicinity of the sea to the geosite; the closer the sea
is, the higher the score.

- less than 10 Km = 100

- From 10 km to 30 km = 80

- From 30 km to 50 km = 50

- From 50 km to 100 km = 30
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- and above 100 km =10

f)  Wind exposure
The exposure to wind currents is also a relevant variable for assessing geosite protection. The

geosite can be exposed to wind depending on the vegetation type and quantity; here are the
chosen scales and scores:

- Geosite not covered by any high-medium size vegetation = 10

- Partly repaired by high-medium size vegetation = 20

- Well protected = 50

- Protected (presence of tick high forest) = 100

Assessment results (see calculation Annex 6 worksheet “Phase 4”; Column E)

From the application of the above parameters and scores (indicators), we can get the following results:
Eigerogy: 53%

Prato Sesia: 60%

Jessingfjord: 68%

Crevola: 60%

Both the geosites in Sesia Val Grande Geopark offer the same level protection from the Atmospheric
Ocean processes to the community. They are both located on the riverbed of the Sesia river, with Alpine
mountains in the vicinity and both are quite protected from the wind. The level of protection is higher
than both geosites in Magma UGG.

Eigergy in Magma UGG is an exposed geosite, located in a flat area along the North Sea, without any
vegetation which is less protected from the Atmospheric and Oceanic processes compare to ther
Jessingfjord geosite, which is the most protected of the four geosites. The geosite is located into a
fjord valley, which contributes to mitigating the effects of the climate processes.

Benefits for society

The abiotic factors regulating the climate give obvious benefits to society, at local, regional, national
and international (global) levels. At the international level, climate regulation influences the carbon
cycle (sink on peat soils), hydrological cycle and climate conditions (precipitation and temperature).
At the regional level, abiotic elements like the rising mountains (height and shape controlled by uplift
rates and geologic materials) influence the patterns and rates of erosion (that are also dependent on the
amount and type of precipitation- rainfall erosivity). Locally, the mountain chain or mountain reliefs
directly affect the community’s life which is directly dependent on the amount of precipitation (water
reservoir, agriculture), and land erosion (landslides, number of soils for agriculture). The regulation of
the climate due to abiotic factors can also influence the implementation of renewable energy (wind,
solar, waves, hydropower), the exploitation of specific minerals (presence of specific minerals are
influenced by the differentiation of soils), and the rate of the nutrient cycle.

2) Terrestrial processes
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A preliminary consideration is needed regarding the “Point of view” of the observer; in this case, it is
important to “look” at the geosite from “outside” to “inside” the geosite buffer zone selected.

A. Questions: to understand if the geosite is regulating the Earth phenomena for the renovation of
Earth materials, it is necessary to know if there are any ongoing relevant active and sizable
phenomena acting within it.

B. Geological processes which influence services:
The PhD team’s definition: a) Presence at the geosite of active geological phenomena that renew
the properties of Earth materials.
Gray M.’s definition: b) Carbon cycle, erosion, transportation, deposition, and uplift processes
that constantly renew the Earth’s surface with “fresh” rocks.

C. Abiotic factors influencing the geological process and scale:
The lithological cycle is defined as: “the presence at the geosite of active volcanic processes or
other phenomena like rock weathering, erosion, transportation, deposition, uplift (role of rivers,
sea waves, beaches, salt marshes) and geomorphological processes”. From this definition we



have started to investigate each single factor which can impact the influence of the geosite in
the terrestrial processes.

a. Crustal mobility
It occurs when the geosite has been part of active tectonic processes in the considered

time and space frames.

The uplifting phenomena and the consequent crustal mobility contribute to the
renovation of the Earth’s geological material.

We refer to the “Global Earthquake Model (GEM) Global Seismic Hazard Map
(version 2018.1), (Pagani M., et al. 2018)”.

The Peak of Ground Acceleration shows the intensity of earthquakes in specific
geographical areas, taking into consideration the European Map (Woessner et al.,
2015). The Peak can be used in our research as a parameter to measure how active
within plate tectonic a single area is.

We set up the following scale and score, from the Global Map (European section).
- Peak of Ground Acceleration High = over 0.90 = 100
- Between 0.90 to 0.20 = Medium = 50
- 0.05-0.20 Low =30
- 0.02 — No mobility = 10

b. Erosion
We have looking for parameters to calculate the geosite’s average tendency towards
bedrock erosion (which we consider is always >0) and to produce the so-called
“sediments” which refer to: “the conglomerate of materials, organic and inorganic,
that can be carried away by water, wind or ice” (Fondriest Environmental Learning
Centre, 2014).

We have been studying seven factors that we consider to be the base for assessing
erosion. The higher the total values given by the sum of all the seven factors is, the
higher the average level of bedrock weathering within the geosite.

1) The location of the geosite takes into consideration three geomorphological
features: river bands, glaciers, and shores. Rivers, shores, and glaciers are the
most impactful geomorphological features concerning the erodibility index.

This is the scale and score we have set up based on the geosite location:
- predominantly located on a shore, on a glacier or on a riverbed = 100
- partially overlapping one of the features = 50
- No, there are no similar features within the geosite =10

2) To measure at what scale a geosite contributes to bedrock erosion, we need to
define what the most common types of rocks and mineral composition within the
geosite are and what their average approximate erosion index is. Common
interpretation of surface lithology within geosites (Figs 21-24) is based on the
International Geological Map of Europe” (IGME).
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Figure 21 - Prato Sesia surface lithology-IGME,
Dark violet:boninite, Yellow:clastic sediments, Brown:claystone, Light green: gneiss, Dark Green: granulite, Red:
monzogranite, Light sand: Diamicton, Pink: alkali feldspar syenite rock
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Figure 22 - Crevola surface lithology- IGME
Yellow: clastic sediments, Dark green: impact generated material, Olive green: iron rich sedimentary rock, Light green:
gneiss, Dark Green: granulite, Red: monzogranite, light sand: Diamicton, Dark Pink: komatitic rock, Light blue:impure
dolomite, Dark blue:impure limestone
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Figure 23 - Jossingfjerd lithological map-IGME
Pink: alkali feldspar syenite rock, Light red: tonalite, Yellow: Fault related material

EPSG:3034 : EPSGi4326

Figure 24 - Eigergy lithological map- IGME,
Pink: alkali feldspar syenite rock, Light red: tonalite, Yellow: Fault related material

To higher index of erosion corresponds a higher score.
Scale and score chosen:
- Sedimentary rocks (sandstone, calcite) = 100
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- Clay; (pyroxene, feldspar, clastic metamorphosed sediments) = 80
- Magmatic rocks (diorite, gabbro quartz) =10

3) The soil presence plays a crucial role within the bedrock erosion’s factors, reducing weathering of
the underlying rock layers. (Land Covering Map from the European Environmental Agency - EEA).
In the maps (figs 25 and 26), the lack of soil is clearly visible in the Magma Geopark Regions while
“arable land and permanent crops” prevail in the geosite selected within the Sesia Val Grande
Geopark.

We agreed that the higher the presence of soil within the geosite is, the lower weathering would be.
Here are the scales and scores:

- Geosite mainly covered by soil = 10

- Partly covered by soil =50

- No soil: geosite is more exposed to weathering of the bedrocks = 100
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Figure 26 - Land cover status Italy- European Environmental Agency 2019



4)

5)

6)

The geosite exposure to temperature drops affects the rate and type of weathering. At high
elevations, cold night-time temperatures during much of the year can produce relentless freeze-thaw
cycles (frost wedging) (Eastern Illinois University, 2012). The exposure to drops in temperature and
the permeability of the rocks are two relevant factors for assessing the geosites’ degree of erosion.
The higher the exposure to a drop in temperature with the presence of permeable rocks is, the higher
the bedrock’s average erodibility is.

Here the scale and scores assigned:
- Yes, permeability with high exposure = 100
- Medium Exposure = 50
- No permeability or exposure =10

The wind exposure to erosion is also one relevant factor to be considered.

We specifically refer to the wind erosion susceptibility map from the European Union and generally
refer to the “Global erodibility index” (even though the results of this study are a combination of
many other factors than simply just wind exposure) (Borrelli et al., 2014). The European Map of
wind exposure (Fig. 27) shows the minimum level of erosion in the Regions where the Magma
Geopark is located, while they display a high rate of erosion in the Sesia Val Grande Geopark area.
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Figure 27 - Wind Erosion Susceptibility-ESDAC 2014

We connected high levels of wind exposure to higher scores. Here are the scale and scores selected:
- Yes, with high exposure = 100

- Medium exposure = 50

- No =10

The slope gradient refers to the angle any part of the earth’s surface makes with a horizontal datum.
“Slope gradient greatly affects the amount of surface water run-off and soil sediment loss. Soil
erosion rates become acute when slope angle exceeds a critical value and then increases
logarithmically” (Kosmas C. 1995). We refer to the 37% slope gradient.

The lower is the slope gradient, the lower the possible soil erodibility.

Here the scale and score selected:

- Above 37% =100

- Middle (average slope gradient) = 50
- Under 37% =10
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c. Transportation
The transportation phase is characterized by sediment transported by water, ice, gravity, or wind. To

assess the transportation rate of the geosites selected we have referred to specific studies concerning the
Sesia river (Arpa Piemonte, 1993); for Magma Geopark the presence of magmatic rocks, the absence of
rivers or glaciers do not allow relevant gradient of sediment transportation. We have assessed the
sediment transportation based on specific research and typology of rocks. However, the presence of soil
in Jossigfjegrd allows us to consider the level of transportation in the geosite “medium”.

In our geosites, we have applied the following scale and scores:
- High rate of transportation = 100
- Medium rate = 50
- Low=30
- No transportation = 10

For more accurate measurements in place, we refer to the most accepted scientific theories and methods
(Hengelund & Hansen ,1967).

d. Deposition
Sediment deposition can be found anywhere in a drainage system, from high mountain streams, to rivers,

lakes, deltas, and floodplains. It occurs when the agent of erosion (water, wind) lays down sediments. In
the study data from sedimentation are available only from Sesia river, MGp geological characteristic do
not include sedimentary rocks.
In our geosites we have applied sedimentation data from regional studies only related to the Sesia river;
the absence of a river or glacier within MGp geosites and the prevailing presence of outcrops of magmatic
rocks do not allow us to apply any sedimentation data. However, the presence of sediments and soil in
Jossigfjerd, allowed us to consider the level of deposition in the geosite “medium”. For a more accurate
measurement, we refer to the most accepted scientific theories and methods (Hengelund F., Hansen E.;
1967; Ferring, 1986).
For a rough, short-term (last century) evaluation of depositional rates, we applied the following scale and
scores:

- Yes, there is a high rate of deposition (> 1.0 cm/year) = 100

- Medium (0.1-1 cm/year) = 50

- Low (< 0.1cm/year) = 30

- No deposition = 10

D. Assessment results (see calculation within annex 6, Excel worksheet “Phase 4; Column E)
From the application of the above parameters and scores (indicators), we can deduce the following
results:

Eigergy 27%
Prato Sesia 61%
Jossngfjerd 34%
Crevola 42%

The Eigergy geosite is not affected by relevant terrestrial processes due to the absence of soil and
prevalence of magmatic rocks, so it offers the lowest contribution to abiotic ecosystem service N.2.

The Prato Sesia geosite is the most influenced by terrestrial processes, due to the overlapping of the
geosite with local geomorphological features (channel curvature, fluvial bars, loose materials) of the
Sesia river, which maximize the washout and the transportation-deposition phenomena. Pebble and
gravel (clastic sediments) are the prevailing channel material, so can be more easily eroded compared to
the magmatic rocks characterizing the other geosites.

Jossingfjard has higher deposition and transportation level compared to Eigergy because of the presence
of soil.

Crevola got an intermediate score due to the presence of the dam which reduces the erosion,
transportation, and deposition on site; the metamorphic prevailing bedrock also contributes to a lower
score than Prato Sesia.



E. Benefits for society
The abiotic factors regulating terrestrial processes have a strong direct impact on ecosystem services on a
global scale. The release of carbon dioxide is also activated by plate tectonics (vulcanism), while rock
weathering contributes to its storage through limestone and carbonate soils. Enhanced carbon sequestration
is a major regulating service that helps mitigate global warming and can increase soil productivity.

At a regional-local level, the abiotic terrestrial processes having a direct impact on ecosystem services are
erosion, transportation, deposition, and uplift. The regulation services linked with erosion affect the local
population in terms of reducing the number of exposed soils (shortage of sediment); the erosion index also
depends on the minerals and the rocks’ structural properties. Certain types of rocks play a crucial role in
regulating erosion and can be used to create artificial barriers. The transportation of debris by the river
regulates the distribution and energy from the land to the sea (sediment supply). The deposition could
create barriers along the coasts that protect the ecosystem while sediment deposition influences the
diffusion of seismic waves. Marine sediments are powerful containers for stocks, acting as regulators of
climate change and greenhouse gases. The so-called: “transitional environments”, in which water and
sediments loaded by rivers are transported and deposited in the plains, make the soil quite rich in sediments.
The community, through appropriate measurements, needs to become able to monitor and consequently
control the regulating phenomena provided by the geomorphology of the geosite; this would make the
community able to act for coastal defence, to set up appropriate hazard risk assessment, and a proper “land
use” planning.

3) Elood control

Here, a preliminary consideration is needed regarding the “point of view” to evaluate ecosystem services
within a geosite. To find out possible controlling factors of flood phenomena, we need to look “outside
of the geosite”. Then we must observe the geosite from outside to find out which possible abiotic factors
are regulating the floods, by opposing them to their hazards and related risks.

A. Question: What factors contribute to flood regulation within the geosite? The scope is to assess how
much the geosite characteristics are influencing the flood events.

B. Geological processes which influence the services:
The PhD team’s preliminary definition of the service: a) Landforms and Geomorphological processes
regulating geohazards; the abiotic and the biotic systems working together to control the flood (e.g.
organic material and inorganic clay)
Gray.’s definition of the service: b) Soil- clay can reduce erosion, natural physical barriers (river levees,
single beach ridges)

C. Abiatic factors influencing the process. Scale and assessment:
The presence of a geomorphic agent is the first preliminary condition that needs defining.
The abiotic indicators involved in the analysis are different when rivers, lakes, or seas are in proximity
of the geosite. Total score evaluation: a higher score is equal to a higher geosite contribution to the flood
control service.

a) Presence of landforms
The abiotic factors involved in the service are the ones linked with flood regulation and risk,
such as the following geomorphological (erosional and depositional) features: hills, clay
deposits, dunes, barrier islands, human made constructions, salt marshes, river levees, beach
ridges, etc. This factor is valid for assessment both in the presence of rivers and lakes and in the
case of presence of coastline in the proximity of the geosite.

We have counted the number of geomorphological features which are acting like barriers for
the geosite; higher numbers of geomorphological features correspond to higher levels of
protection. The higher the number of landforms, the lower the possibility of flooding; the higher
the protection, the higher the geosite’s flood control.

Here the scale and scores selected:
- More than 4 relevant features within the geosite = 100
- 34=50
- 1-2=20
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- none =10

b) Amount of precipitation

The amount of precipitation is a factor that influences flood regulation in case of lake or river
proximity. For the Magma Geopark, we adopted data from the Norwegian Meteorological
Institute from Senorge: the average precipitation over the last 60 years. We applied statistics
from the Italian Meteorological Institute for Sesia Val Grande Geopark from the Ministry of the
Environment and Forest (MAEF) considering the average of the last 10 years in the province of
Novara. (Figs. 27, 28)
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Figure 28 - Norwegian average precipitation with focus on MGp area-Senorge (ml/year)



Figure 29 - Average Annual Precipitation-Novara Province-MAEF (ml/ year)

The higher the precipitation, the higher the risk of flooding (consequently, a higher score is given).

The scale selected and scores:
- 3 m/year =100
- from 1-3 m/year = 50
- from 1 m/year to 0.5 Mt = 20
- less than 0.5 m or no river-lake = 10

¢) Flood return period

Annual Precipitation (mm)

Bl <= 1000
[ 1000 - 1100
[0 1100 - 1200
1200 - 1300
1300 - 1400
1400 - 1500
1500 - 1600
1600 - 1700
7 1700 - 1800
[ 1800 - 1900
[ 1900 - 2000
I > 2000

The factor occurs both in case of river and lake presence.
We define the “flood return period” as “the probability that an event will be met or exceeded
during an interval of n. years”.To assess the value in the Sesia Val Grande Geopark, we adopted
parameters defined by the Piano di Gestione del Rischio Alluvione (Boccia, 2020), while for
Magma Geopark we adopted data from the Norwegian Environmental Service Atlas (O’Rourke,

1985).
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The longer the interval of time between two major events, the less the geosite is exposed to
flood. So, we can conclude that the longer the time between two floods, the better the geosite
(the whole ecosystem) is acting against floods (regulating service).

Here the scale selected and the connected score:

- No river or lakes = 100

- More than 50 years flood return period = 90
- From 25 to 50 years flood return period = 50
- From 3 to 5 years flood return period =10

d) Maximum water discharge

In case of river presence, the maximum water discharges the volume of water flowing through
a river channel at any given point and is measured in cubic metres per second.

High water discharge rivers generally tend to flood more than low water discharge ones. We
decided to attribute higher points to lower water discharge rivers which allows the geosite to
better regulate the flood.

Water discharge for the Sesia river has been obtained by the Piemonte Regional Agency
Environmental Protection. The stream crossing Jossingfjgrd (Migaren) has no data available,
but the water discharges are rather low all year around.

Here the scale and scores:

- No river =100 points

- Less than 10 m3/sec/ average per month = 90 points
- From 10-50 m%/sec/ average per month = 60

- From 50-500 m%/sec/ average per month = 30

- Above 500 m%/sec/ average per month = 10

e) Seatide and average wind speed

In the case of geosites close to the coastline, the tide is a factor to be considered, as with high
tides, there is a higher risk of floods. We have been consulting the online Tide Forecast for
Eigergy and Jossingfjerd in the Magma Geopark. The tide and the wind change every hour so
this parameter must be calculated at the exact time and day. For this research we take into
consideration 8" March 2021 at 11 am. The tide is approximately zero and wind is expected to
be 9-10 m/s in both geosites.

High tide combined with high wind speed could easily lead to flood phenomena.
Here the scale and scores suggested:

- Nosea=100

- FromO0to 1 mand less than 10 m/s wind = 90
- From 1-3 m and above 10 m/s wind = 60

- From 3-8 m and above 15 m/s wind = 30

- Above 8 m and above 25 m/s wind = 10

D. Assessment results (see calculation Excel sheet n.4)
Total score evaluation: a high score corresponds to a high contribution of the geosite to flood control.
From the application of the above parameters and scores (indicators), we can deduce the following

results:

Eigergy: 64%
Prato Sesia: 46%
Jossingfjord: 64%
Crevola: 48%

The Eigergy and Jgssingfjord geosites offers a medium-height defence against flood events; this is due
to the absence of rivers and to the presence of landforms like hills and fjords which eventually could act
as a relative barrier against storms from the sea; however, we need to take into consideration that the
wind and tide should be measured hours by hours.
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Prato Sesia does not offer adequate protection against flood phenomena due to the absence of natural or
artificial barriers, and due to the return time of the flood period, as demonstrated by the latest destructive
episode in January 2021.

The Crevola geosite provides the same protection from floods, compared to Prato Sesia within the
detected parameters.

. Benefits for society

The regulation of flood has important consequences at an international-regional-local level. At all levels,
controlling the flood allows Governments to increase vulnerability to floods and to set up proper planning
schema for better land use. To monitor and build infrastructures, a proper analysis on landforms,
geomorphological processes and index of erosion are needed.

4) Water guality requlation
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A. Question: How much do the abiotic characteristics of the geosite regulate/ influence water quality?

B. Geological processes which influence the services:

The PhD’s preliminary definition: a) Water quality regulation includes all the geomaterials which
improve the quality of water.

Gray'’s definition: b) Soil, sediments and rock attenuate polluting substances and help the water quality
both surface and groundwater.

An indispensable premise, before analysing this abiotic service, concerns the general principles of the
“geology of the aquifers”. The nature and distribution of aquifers and aquitards in a geological system
are controlled by lithology, stratigraphy and structure of deposits and geological formations (De Wiest
& Davis, 1966; WHO, 2017). In this research, we assume that the aquifer is in place; consequently, we
do not analyse the pre-conditions for its existence. We analyse what the abiotic factors for mineral water
are, not the ones linked to the presence of the aquifers.

There are several abiotic factors which influence water quality. For “water quality”, we adopted the
definition given by the World Health Organization (WHO, 2017) and we also took into consideration
the “definition for mineral water quality” by the FAO (FAO; WHO, 2019).

Abiotic factors influencing the process. Scale and assessment:

To be defined as “mineral”, water needs to contain: sodium, potassium, calcium, magnesium, chloride,
sulphate, hydrogen carbonate. “Mineral” waters originated from underground reservoirs. Each mineral
water has peculiar characteristics due to the layers of bedrock that the water flowed through in its source
region, which determine the amount and composition of natural ingredients in it.

Following the definition of “mineral” water, in order to define at what scale one geosite influences the
quality of the groundwater, we need to analyse following factors: a) Mineralogic Properties of the rocks
on surface-bedrock b) Permeability and porosity of the soil (the higher the porosity, the higher the
permeability).

a) Mineralogic properties of the rock
We started our analysis by connecting each basic mineral (the ones essential to defining water
as “mineral”: sodium, potassium, calcium, magnesium, chloride, sulphate, hydrogen carbonate)
with the bedrock type they originated from.

- Sodium and potassium could potentially dissolve from all kinds of bedrocks.

- Calcium and magnesium dissolved from limestone, dolomite, and gypsum.

- Chloride, all types of rocks.

- Sulphate dissolved from rocks containing gypsum, iron sulphides, and other sulphur
compounds.

- Hydrogen carbonate is generated by the action of carbon dioxide in water on carbonate
rocks such as limestone and dolomite.

- Magmatic rocks do not influence the mineralogic properties of the aquifers.



The conclusion is that bedrock made of limestone, dolomite, gypsum, iron sulphides, and
sulphur compounds could potentially generate aquifers made of mineral water, while other kinds
of bedrock cannot.

Here are the selected scale and scores:

The geosite is mainly characterized by limestone, dolomite or gypsum:
- Yes=100
- No=10
The geosite is mainly characterized by gypsum, iron sulphate:
- Yes =100
- No=10
Magmatic rocks do (or are not) influence the mineralogic properties of the aquifers (the geosite
is characterized by magmatic rocks),
- Yes=10
- No=100

b) Permeability of the soil

Permeability is a property of the porous medium that measures the capacity and ability of the
formation to transmit fluids (Darcy Law). The least permeable rocks are not-fractured
intrusive igneous and metamorphic rocks, followed by not-fractured mudstone, sandstone,
and limestone. The permeability of sandstone can vary widely depending on the degree of
sorting and the amount of cement that is present. Clay textured soils have small pore spaces
that cause water to drain slowly through the soil; they have low permeability, which results
in low infiltration rates and poor drainage.

The presence of mineral water depends on bedrock type at the geosite but also on the
permeability of the soil.

Here are the selected scale and scores:
The geosite is mostly characterized by gravel (the rock highly influences the water quality
because its material leaves a lot of empty space within the particles).
To what extent?
- Completely covered by gravel = 100
- Half covered by gravel =50
- Not covered by gravel = 10

The geosite is mostly characterized by sand.
To what extent?
- Completely covered by sand = 100
- Half covered by sand = 50
- Not covered by sand = 10

The geosite is mostly characterized by clay.
To what extent?
- Completely covered by clay = 100
- Half covered by clay = 50
- Not covered by clay = 10

D. Assessment results (see calculation Excel sheet n.4)
Total score evaluation: high scores correspond to a high contribution of the geosite to flood control.
From the application of the above parameters and scores (indicators), we can deduce the following

results:

Eigergy: 10%
Prato Sesia: 23%
Jessingfjord: 10%
Crevola: 23%

Due to the magmatic bedrock and total absence of permeable soil, Eigergy and Jgssingfjord do not
contribute to the regulation of mineral water aquifers which are almost absent in the overall Geopark.
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The Prato Sesia and Crevola also contribute slightly due to the presence of magmatic bedrocks
characterized by iron sulphate and iron.

Benefits for society

The regulation of the quality of the water has a relevant impact on a regional and local scale. The analysis
of the geological surface, permeability, and porosity of the soil are important factors to be taken into
consideration. The possibility to calculate the specific water regulation quality service gives authorities
the chance to be aware of the presence of mineral water, its quantity and, consequently, how to use it
for the community’s supply.

5.7.2 Regulating services, Supporting Services

For these kinds of ecosystem services, we need to focus on abiotic processes contributing to the development of
soils (5) and habitats (6) for enhanced biodiversity and related resources, of platforms (7) for human activities,
and of burial and storage (8) sites. The consequences of their activity will be analysed in both a
geomorphological landscape and a geological environment.

5) Soil processes
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A. Questions: What are the abiotic factors influencing the soil development and its quantity and quality?

What are the most relevant supporting services that the soil provides to the community?
Geological processes which influence the services:

The PhD’s team preliminary definition: Quantity of soil offering weathering material.
Gray M.’s definition and examples of services: soil processes provide these services to the community,
agriculture, forestry, fuel, and genetic resources.

Abiotic factors influencing the process. Scale and assessment:

What are the abiotic processes influencing soil development?

Apart from climactic and lithological factors controlling soil fertility and related agricultural activities
(see below), the Earth’s main surface processes are erosion, transportation, and deposition. By analysing
erosion, transportation, and deposition indicators within a specific geosite, we can evaluate its tendency
to support main abiotic services linked with soil processes, such as agriculture, forestry, fuel and
genetics. In fact, erosion, transportation, and deposition processes control the predisposition of soil for
fertility and, consequently, provide higher chances to support agriculture and forest activities.

Since this research is not aimed at calculating each single factor influencing soil fertility which would
require specific analyses from a soil scientist, we simply used indicators related to the spatial and
temporal distribution of agricultural activities and forests within geosites. Indicators for “fuel and
genetics” will be considered within the provisioning services. The overall calculation gives us an
approximate idea about the overall tendency of the geosite in supporting soil processes and,
consequently, agricultural and forestry activities.

a) Erosion, deposition and transportation

The three factors have been calculated following the parameters already in use for the “terrestrial
processes” (see above).

b) Agricultural activities

Soil health has been defined as “the continued capacity of the soil to function as a vital living system,
within ecosystem and land-use boundaries, to sustain biological productivity, promote the quality of air
and water environments, and maintain plant, animal, and human health” (FAQO). To support the services
linked with agricultural activities, the soil needs to be fertile.

What are the factors which influence the fertility of the soil?



There are majorly 12 factors which influence soil fertility; for a deeper and more precise research, a
pedologist would be required in the team. Here are the factors to be taken into consideration:
1) Infiltration of water.

2) Soil structure.

3) Active Soil life.

4) Content of organic matter.

5) Minerals present in the soil.

6) Acidity or Soil ph.

7) Water Retention capacity of soil.

8) Water draining ability of the soil.

9) Nutrient release capability.

For evaluating geosites in Norway, we have been using the data from the Norwegian Environmental
Atlas (fig. 34), while for those in Italy we used data from the Instituto Superiore Ricerca Ambientale

(ISPRA\) database (fig 33).
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Figure 33 -, Prato Sesia- Grassland (Green, geosite in blue )
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Figure 34 -, Jgssingfjord- Agricultural use of the soil (yellow orange, Geosite in red)

Scale and score detected:

Are within the geosite active agricultural activities (crop cultivation, vineyard, orchard)
- Yes=100
- inthe past =50
- No=10

c) Forestry activities

The presence of forest activities depends on many abiotic factors, which are linked with soil quality. The
team decided to evaluate the presence of forests at the present time as a scale.

Is the geosite hosting an unmanaged forest?

If so, at what grade is the forest covering the geosite?

For Norway, we have used the data from the Environmental Atlas (Figs 35, 36), while for Italy we have
analysed data  from  the Sistema Informativo Regionale Regione Piemonte
(http://www.sistemapiemonte.it) (Figs 37, 38).
Here below the scale and score detected:

1. Fully covered by a forest = 100

2. Partially covered by forest = 50

3. No forest =10



http://www.sistemapiemonte.it/
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Figure 35 -, Jossingfjord Land use Map, Forest (Green, geosite in red)
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Figure 36 - Jossingfjord Forest coverage. (Green, geosite in blue)
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Carta Forestale aggiornamento 2016 @

Carta forestale (edizione 2016)
[ Abetine
0 Acero-tiglio-frassineti
0 Alneti planiziali e montani
Arbusteti planiziali, collinari, montani
I Arbusteti subalpini
Boscaglie pioniere e dinvasione
[ Castagneti

Faggete
1 Saliceti e pioppeti ripari
7 Lariceti e cembrete

[ Pinete di Pino marittimo
" Pinete di Pino silvestre
10 Pinete di pino montano
I Querceti di rovere

" Querceti di roverella
| Quercocarpineti

"/ Robinieti

0 Rimboschimenti

Superficie Boscata (edizione 2016)

' Superficie Boscata (edizione 2016)
Arboricoltura da legno (edizione 2016)

I Arboricoltura da legno (edizione 2016)
Copertura inferiore al 20% (edizione 2016)

1l Aetine
I Acero-tiglio-frassineti
<l Ul Aineti planiziali e montani

Figure 37 -Prato Sesia- Forest Coverage- (Green, geosite in blue).

Sistema Informativo Forestale Regionale
BRIR ] coo/rimovi mappe [{8)

Figure 38 - Crevola- Forest Coverage (Green, geosite in blue)

d) Fuel and genetics

Fuel and genetic resources are considered “provisioning” services. They will be analysed in the
“provisioning” section.

D. Assessment results
Total score evaluation: high score corresponds to high geosite contribution to soil processes and related
main services to the community: agriculture and forestry.

From the application of the above parameters and scores (indicators), we can deduce the following
results:
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Eigeroy: 25.45%
Prato Sesia: 60%
Jassingfjord: 35.45%
Crevola: 40%

The Eigergy geosite is generally poor in soil, due to geological characteristics and consequently poorly
supports agricultural activities and forestry.

At Jgssingfjord, the higher presence of soil, due to moraine deposits, make possible for the geosite to
support agriculture and forestry, at a higher scale compared to Eigeray.

Crevola has a slightly higher score than Jgssingfjord due to higher erosion, transportation and deposition
thanks to the river presence.

Prato Sesia has a higher score due to the presence of forest and river activities which guarantees high
amounts of debris transportation and deposition.

E. Benefits for society
Soil processes play an important role within national, regional and local communities. Soil processes
offer both abiotic and biotic services. Agriculture, forestry, fuel, and genetic resources are crucial for
human development. Agriculture plays a key role in providing a wide range of ecosystem services, such
as food, feed, fibre, and biofuel, thus taking part in the economic development of countries. Forestry is
defined as “the science or skill of growing and taking care of trees in forests, especially in order to
obtain wood “ (Collins Dictionary Definition). Forestry, along with farming, remains crucial for land
use and the management of natural resources in the EU’s rural areas, and as a basis for economic
diversification in rural communities, especially for mitigation to climate change.
The assessments of threats to soil functions leads to a need to formally identify the functions that the
soil performs. The proposed Soil Framework Directive (CEC, 2006) of the European Union recognizes
seven soil functions that are vulnerable to soil threats:

. biomass production, including agriculture and forestry;

. storing, filtering, and transforming nutrients, substances, and water;

. biodiversity pool, such as habitats, species and genes;

. physical and cultural environment for humans and human activities;

. source of raw materials;

. acting as a carbon pool,

. archive of geological and archaeological heritage.

The EU Soil Thematic Strategy was developed in parallel with the Millennium Ecosystem Assessment

initiated by the United Nations in 2000. Within the goals of the MA, there is assessment of the

consequences of changes in soil use to lay the scientific basis for actions that would promote

conservation and sustainable use of related supporting ecosystem services.
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6) Habitat provision

A. Question: At what scale is the geosite supporting the habitat provision?
First, it is necessary to define what a habitat is. It is “ a physical location where environmental factors
(abiotic and biotic) support the life and the development of one species”.

B. Geological processes which influence the services:
The PhD team’s preliminary question: Are there habitats within the geosite?
Gray’s definition of “Habitat”: the spatial-temporal interrelated site factors of river-floodplain-systems
(geomorphology, geology and soil diversity) that provide habitat heterogeneity.

C. Abiatic factors influencing the process. Scale and assessment.

By literature, the higher the geodiversity assessed in an area, the higher its potential biodiversity and
consequently the habitat provision (Matthews, 2014; Zwolinski et al., 208). Therefore, we need to start
from the abiotic factors which concur to geodiversity. They have been described as “Essential
Geodiversity Variables” (EGVs) by Schrodt F. et al., 2019 and summarized within these classes:
geology (hard rock, unconsolidated deposits, geophysical processes), geomorphology (landform
distribution), soil (chemistry, physical state), and hydrology (surface water, ground water).

All these EGVs must be considered abiotic factors contributing to biodiversity and to the related
supporting services, such as habitat provision (8).
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Given that the higher the geodiversity, the higher the biodiversity. By rating the impact of single factors
detected as elements that influence geodiversity, we will be able to assess at what scale the geosite
contributes to supporting habitats.

a) Type of Geology

1) Hard Rock fossils, mineral and ornamental stone distribution and diversity.

Is the geosite characterized by a “relevant” presence of fossils or mineral-ornamental stones?

Scale and score:
Number of fossils-minerals-ornamental stones
- 0-2=10
- 2-4=30
- 5-7=80
- 8-10=100

1) Unconsolidated deposits

Material derived from the disintegration and erosion of consolidated rocks on the land’s surface, as well
as sediments deposited by coastal and glacial processes. Unconsolidated materials are included, in order
of increasing grain size, clay, silt, sand, and gravel. Within the geosites, are there relevant traces of clay,
silt, sand or gravel deposit?

Scale and score:
Number of relevant size gravel deposits.
- 0-2=10
- 2-4=40
- 5-7=70
- More than 7 = 100

2) Geophysical processes

They measure the variability of the intensity of geophysical processes: earthquakes, volcanic eruptions,
earth radioactivity, thermal energy, and land subsidence. At a physical level, because of their structural
properties and relative resistance to erosion, some rocks produce features of relief within the landscape
(e.g. cliffs, hills, etc.). These features, in turn, provide heterogeneity with respect to the physical
conditions that support plant and animal communities and biodiversity.

How many geophysical processes influenced the geosites during the last geological period? (Number of
relevant events).

Scale and score:

Number of relevant geophysical processes.
- 0=10
- 15=50
- 6-10=100

b) Geomorphological processes

1) Erosion and deposition, see criteria and score described above for service N5.

c) Soil diversity

Soil diversity plays a crucial role in the support of habitats. The way in which a rock weathers and acts
as parent material for soil formation is perhaps the most direct and obvious mechanism for influencing
plant species and their growth. The main parameters that rock type influences are soil chemistry, texture,
grain size and, therefore, porosity. These aspects are all of importance in setting the boundary conditions
for plant growth. Without the diversity of rock type and physical form created by rocks, the conditions
available to organic life would be significantly reduced; in essence, the biodiversity that we observe is
a direct function and consequence of geological form and processes (Cottle, 2005).



The following soil maps from Europe and previous maps applied for “Soil processes” have been
consulted to answer the related questions and to give the correct score.

Albeluvisols: Acid soils with bleached topsoil material tonguing
into the subsoil

Arenocsols: Soils developed in quartz-rich, sandy deposits such
as coastal dunes or deserts

Cambisols: Young soils with moderate horizon develecpment
Cryoscls: Soil influenced by permafrost or crycgenic processes
Gleysols: Soils saturated by groundwater for long periods
Histosels: Organic soils with layers of partially decomposed plant
residues

Andoscls: Young soils developed in porous volcanic deposits .
Calcisols: Soils with significant accumulations of calcium carbonate

Chernozems: Dark, fertile soils with crganic-rich topsoil

Fluviscls: Stratified soils, found mestly in floodplains and tidal
marshes

gypsum
Kastanozems: Soils of dry grasslands with tepsoil that is rich in
organic matter
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Gypsisols: Soils of dry lands with significant accumulations of .

Leptoscls: Shallow soils over hard rock or extremely gravelly
material

Luvisols: Fertile soils with clay accumulation in the subsoil
Phaeozems: Dark, moderately-leached soils with organic rich topsoil
Vertisols: Heavy clay soils that swell when wet and crack when dry

Podzols: Acid soils with subsurface accumulations of iron,
aluminium and crganic compounds

Regosols: Yeung seils with no significant profile development

Solonchaks: Soils with salt enrichment due to the evaporation of
saline groundwater

Solonetz: Alkaline soils with clayey, prismatic-shaped aggregates
and a sodium-rich subsurface horizon

Stagnosols: Soils with stagnating surface water due to slowly
permeable subsoil

Technosols: Soils containing significant amounts of human artefacts
or sealed by impermeable material

Umbrisels: Young, acid soils with dark topsoil that is rich in

organic matter

Planosols: Soils with cccasional water stagnation due to an abrupt change
in texture between the topsoil and the subsoil than impedes drainage

Figure 39 - Soil Map- European Commission, 2010

a) The bedrock characterising the geosite’s influence, as mentioned above.
The presence of soil depends on the index of erosion of the bedrock in a specific geosite.

Scale and score:

What minerals are there and what are the structural properties of the most common rocks within the

geosite?

The lower the erosion index, the lower the quantity of soil eventually produced.

- Rocks made of clay = 100
- Limestone =80
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- Low metamorphic rocks = 30
- Magmatic rocks =10

b) Soil coverage
The soil coverage index is the base factor used to calculate the soil diversity.

Scale and score:

The higher the soil coverage is, the higher the soil diversity.
At what grade is the geosite covered by soil?

- Totally — most of the geosite is covered = 100

- Partly covered = 50

- No soil presence = 10

c) Drop in temperature and permeability of the rocks type.
Relevant drops in temperature within the season/year have been investigated for the geosites (Figs
40-41).
Drop in temperature phenomena, exposure, and permeability of the bedrock need to be considered
together.

Annual Weather Averages Near Egersund
Averages are for Ualand-Bjuland, which is 23 kilometers from Egersund
Based on weather reports collected during 2005-2015.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

266.8 1716 1504 1341 128 86.8 1487 1678 1454 1911 2331 2845

Figure 40 - Average temperature-Egersund, https://www.yr.no/en

Averages are for Novara / Cameri, which is 27 kilometers from Prato Sesia.
Based on weather reports collected during 1985-2015.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6.9 125 121 48.7 38.8 211 15.9 16.1 23.2 341 374 85

Figure 41 - Average temperature Prato Sesia

Scale and score:

Is the geosite subject to a drop in temperature and permeable rocks?
- Yes, with high exposure =100
- Medium exposure = 50
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- Low exposure = 30
- No exposure or no permeability = 10

d) Washout or average precipitation.
Precipitation and washout are factors which influence the amount of soil formation in a site.

Scale and score:

Is the geosite subject to high precipitation or washout (average) during the year?
- Yes, with high intensity = 100

- Medium intensity = 50

- Low intensity = 30

- No=10

e) Wind exposure.
Wind exposure influences soil formation.

Scale and score:
Is the geosite subject to wind exposure?
- Yes, high exposure to wind = 100
- Average exposure = 50
- Low exposure = 30
- No, highly protected from the wind = 10

f)  Steepness of the slope.
Steepness of the slopes within the geosite influences the erosion and the soil formation.
We consider the average dip angle of the geosite as a measure of the critical angle of repose, i.e.
the dip angle of the geosite’s material can be piled without slumping or resists shear strength.
However, several factors influence the angle such as density, moisture, grain size, stratification, etc.
The research calculates an average of 35%. (Mehta & Barker, 1994)

Scale and score:
How steep is the geosite (average)?
- Above 37% =100
- Under 37% =10

d) Geomorphology

Landform distribution is crucial for the development of geodiversity and biodiversity.

a) Number of relevant landforms within a geosite.
See (AAVV, Landform of the World).

How many landforms can we eventually detect in a geosite?
- 1=10
- 2-3=30
- 4-5=50
- 6-8=80
- From9=100

e) Hydrology

a. Rock properties
The presence of certain types of rocks relates to the permeability of the rocks and, consequently,
the presence and quality of aquifers and underground drinking water.

Scale and score

Is the geosite mainly characterized by limestone, dolomite or gypsum?
- Yes=100
- No=10

Avre the geosites mainly characterized by gypsum or iron sulphated?
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- Yes=100
- No=10

c) Fresh water presence (lakes, springs, rivers, glaciers).
The presence of freshwater reservoirs is the most important parameter for the overall analysis of the
hydrology of the geosite.

Scale and score
The higher the number of reservoirs, the higher the score.
Do any freshwater reservoirs exist within the reservoir?

- More than 5 =100

- between3-5=70

- between 1-3=50

- No=10

d) River dynamics
The river dynamics influence the overall hydrology of the geosite. We considered the average river
discharge per month as a measure of the river dynamics.

Scale and score
The higher is the river discharge, the higher the score is/

Flow dynamic: expressed in m%/s, average discharge per month.
- No river within the geosite = 10
- Small river, less than 10 m®/s = 30
- Small to medium river 10-100 m%/s = 50
- Medium river 100-500 m%/s = 80
- Large river, above 500 m%/s = 100

e) Presence of dams
A dam interferes with the natural hydrology of the geosites, thus influencing the river flow and
dynamics.

Scale and score
= The higher the number of dams, the lower the score.
= Nodam =100
= Between 1 to 3 dams along the river =50
= More than 4 dams = 10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Sheet 4”- Column C)

Total score evaluation: the higher the score, the higher the geosite contribution to soil processes,
agriculture and forestry.

From the application of the above parameters and scores (indicators), we can deduce the following
results:

Eigeroy: 38.1%
Prato Sesia: 77,2%
Jgssingfjord: 60%
Crevola: 64.5 %

In Eigergy, the soil’s scarcity (low soil diversity), the low permeability of the bedrock, and the limited
presence of freshwater reservoirs leads to a low contribution from the geosite to the habitat provision
service.

In Jgssingfjord, the geosite is characterized by the presence of soil and one dam; at least four different
geomorphological features can be detected (bay, fjord, ocean, waterfall); for these factors, the geosite
contributes highly to this service.



Crevola scored slightly higher than Jassingfjord due to higher erosion, transportation and deposition,
thanks to the river characterized by the highest water flow compared to the stream in Jgssingfjord.
Scarcity of soil also influences the habitat provision in Crevola.

Prato Sesia has a higher score due to the high presence of soil, forests and freshwater reservoirs not
regulated by a dam. The river activities guarantee a high number of debris and a consistent number of
unconsolidated deposits.

E. Benefits for society

Habitat provision. The supporting services (abiotic and biotic) which concur to the creation of “habitats”
are crucial for societal development at all scales. Humans, like all animals, have a favourable ecosystem
to live in, which is the natural habitat. Geodiversity influences the heterogeneity of habitats and
biodiversity; consequently, biodiversity affects the loss of geodiversity. Destruction and degradation of
natural ecosystems are the primary causes of declines in global biodiversity (Haddad et al., 2015).
Habitat loss, stemming from destruction, fragmentation, or degradation, threatens these sanctuaries of
diversity and is often the result of human activities. Loss in habitat size, increased isolation of habitats
from one another, and increases in negative edge effects (where one habitat begins and another ends)
characterize fragmentation. These elements cause changes to the delicate biological and physical
properties of habitats, decrease genetic diversity, introduce pathogens and invasive species, and lead to
human-wildlife conflict. All the advantages which guarantee abiotic and biotic factors linked with
habitat provision are evident from the negative effects caused by the loss of biodiversity and
geodiversity.

7) Land as a platform for human activities

A. Question: What human activities are influenced by the land?

B. Geological processes which influence the services:
The PhD’s preliminary definition: a) Presence of a land platform which contributes to the development
of different human activities
Gray M.’s definition: b) Land surface: different activities require different types of platform.

Human activities on the Earth’s surface are linked to the various types of land uses. Different types of
activities correspond to different types of land use. Most of the human activities are performed on
artificial surfaces (the soil’s function is to support construction), the other activities are linked to
agriculture and forestry (the land function is to support the crops, breeding, trees, and plants). In the
research, we are detecting four main types of “land-supporting use”: agriculture, breeding, forestry, and
construction.

C. Abiatic factors influencing the process. Scale and assessment:
a) Agriculture

What are the factors which influence the “land” as a platform for agricultural activities? The
presence of soil is the main requirement together with the climate factors (all described above
in relation with “soil” and “climate” abiotic services). However, in this research, we decided
to take into consideration the existence of active agricultural activities.

Here are the selected scale and scores:
Are agricultural activities active within the geosite (crop cultivation, vineyard, orchard)?

- More than 80% of the geosite is occupied by cultivation = 100
- Between 60-80% is occupied by cultivation = 80

- Between 10-60% = 30

- No cultivation =10

b) Animal husbandry and cattle farming activities
The science of animal husbandry relates to the business of producing domestic livestock
species, including but not limited to beef cattle, dairy cattle, horses, poultry, sheep, and swine.
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Here are the selected scale and scores:

Is there any active animal husbandry and cattle farming activity in the geosite?
- Yes, more than half of the hectares are used for husbandry-farming = 100
- Partly, less than 30% of the hectares are used = 50
- No surface used for this purpose = 10

c) Presence of activities related with forest management
The presence of a forest is one of the most relevant supporting services within “land as a
platform for human activities”. Forests are managed for specific goals and objectives set by the
landowner. Management ranges from custodial, where little or no action is taken, such as in
designated wilderness areas, to intensive active management where timber is continually
grown, harvested or replanted.

Here are the selected scale and scores:

Avre any activities related with forest management within the geosite?
- Yes, more than half of the hectares = 100
- Partly, less than 30% of the hectares = 50
- Noforest=10

d) Presence of artificial buildings
Here are the selected scale and scores:
Are any artificial buildings in the geosite?
- Town presence = 100;
- Presence of a village = 80;
- Presence of several separate houses = 30
- No settlements = 10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C). Total score

evaluation: a higher score is equal to a higher geosite contribution to flood control: high score is equal
to high contribution of the geosite to the service.

From the application of the above parameters and scores (indicators), we can deduce the following
results:

Eigeroy: 37.5%

Prato Sesia: 20%

Jgssingfjord: 35%

Crevola: 15%

At Eigergy, the presence of animal hushandry and cattle farming activities is the prevalent activity within
the geosite; the land also supports several summer houses and is the most active geosite in supporting the
service.

At Jassingfjord, the presence of husbandry and cattle farming activities is lower than in Egersund, while
forest management land use is present; however, the geosite contribution to the service is lower than
Eigeray.

In the Prato Sesia and Crevola geosites, the land does not support any human activities related with
agriculture, husbandry, cattle farming, and forestry, except for the support to the dam construction along
the Sesia river in Crevola.

E. Benefits for society

Land as a platform for human activities is important on a local, regional, national, and international
scale; in fact, most of the human activities are directly linked with land use. It is crucial to understand
what factors influence the land use to better plan the cities and communities. At all levels, the impact of
the land as supporting services for human activities is important for monitoring world activities and the
distribution of economic activities within different areas. Proper monitoring for land use helps policy
makers make better choices for planning.



8) Burial and storage

A.

Quiestion:
Is there a burial and storage deposit within the geosite?

Geological processes which influence the services:

The PhD’s preliminary definition: a) are there any underground storage or human burials within the
geosite?

Gray M.’s definition: b) the physical resources of the land have long been used for human burial- stones
as stonemasons for gravestones.

Waste materials are also buried in the ground or above the ground. Ground acts also as a store for water,
oil, gas, carbon, and carbon dioxide emissions.

Which abiotic factors influence the service?
Three main human uses characterize the storage services provided by abiotic nature: a) human burial, b)
radioactive deposit, and ¢) ground storage.

Abiotic factors which influence the process. Scale and assessment:

a)

b)

c)

Human burial

The use of rocks for gravestone is linked with the presence of durable and malleable rock types
available in the geosite. Gravestones are made of all types of rocks, even if some dominate the
landscape in a cemetery. Gravestones can be made from plutonic rocks, like gabbro and granite,
metamorphic rocks, like slate and marble and more rarely of sedimentary rocks, like sandstone and
limestone. The choice depends significantly on aesthetic values and practical use. Granite can be of
various colours, dotted with the black mica nests. Limestone is easy to work and sculpt and can
display interesting bands or layers or colour. The most appreciated colour is white to grey, but
bluish, reddish, and yellow limestone and marble types also exist (Bressan D. 2006). Other factors
linked to cultural backgrounds influence this human activity.

Here are the selected scale and scores:
Avre there any human burial sites which adopted gravestones within the geosite?

- Yes=100
- Partially =50
- No=10

Waste deposit
_These are the most relevant abiotic factors which influence the support for waste deposit and its

safety:
a) very low permeability b) good thermal conductivity c) sufficient plasticity to limit the risk
of fractures d) high capacity of ionic absorption €) low solubility, f) geo-mechanically
favourable conditions to maintain cavities €) stability of all the properties when ( pressure,
temperature, ionic radiations and mechanical effort) mutate f) sufficient rock volume located
at the right depth, g)homogeneous distribution of the rocks properties h) low degradability, i)
low and stable geodynamics in a long term

Here are the selected scale and scores:

Is the geosite within any waste deposit?

- Yes=100
- Partially =50
- No=10

Ground storage
- Regional efficacy of the caprock

The caprock efficacy may vary laterally and can exclude large areas of the reservoir rock from
consideration.

- Geology of the reservoir: the geology of the reservoir determines the efficiency of the various
trapping mechanisms and thus allow calculation of Theoretical maximum amount of CO2 that can
be stored.
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d)

€)

Here are the selected scale and scores:

Is the geosite within any ground store for water, oil, gas, carbon, and carbon dioxide?

- Yes=100
- Partially =50
- No=10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)

Total score evaluation: a higher score is equal to a higher geosite contribution to the service.

From the application of the above parameters and scores (indicators), we can deduce the following
results:

Eigergy: 10%

Prato Sesia: 10%

Jassingfjord: 40%

Crevola: 10%

Jessingfjord, is the geosite which contributes more to the present service, due to the presence of
the waste deposit from the Titania factory within the geosite buffer zone.

All other analysed geosites not contributing to the present service.

Benefits for society
The right use of storage rocks and waste deposits are crucial for the safety of the population.

9) Food and drink
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A. Question:

B. Geological processes which influence the services:
The PhD’s preliminary definition: a) Type of abiotic element which influences drink and food
production.
Gray M.’s definition: b) Quantity and quality of abiotic elements influencing drink and food production

What abiotic factors influence the service? The physical environment provides groundwater, aquifers,
rivers, glaciers, and lakes. We consider calcium carbonate and salt like food products.

C. Abiatic factors influencing the process. Scale and assessment:
The main abiotic factors influencing the provisioning of food and water are the grade of the soil’s fertility,
the parameters involved in the water regulation processes already analysed within the supporting service
(mineralogical properties, permeability), the presence of freshwater reservoirs, the temperature and
climate (regulating service).

a)

Soil fertility
We measured the presence of fertile soil through the analysis of the number of agricultural activities

or cultural landscapes within the geosite.

Concerning Sesia Valgrande Geopark, the Europe- Corine Landcover Map (Fig. 42) shows the type
of land cover use. (https://land.copernicus.eu/pan-european/corine-land-cover/clc-2000)



https://land.copernicus.eu/pan-european/corine-land-cover/clc-2000
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Figure 42 -Corine Landcover Map- Prato Sesia, geosite in blue.

Magma Geopark land use is very well-explained by the Norwegian Environmental Atlas
(https://www.environment.no). An excerpt is presented for the Jgssingfjord area (Fg. 43).
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Figure 43 - Jossingfjord soil use (orange for cultural landscape, geosite in red)- Norwegian Environmental Atlas

Here are the selected scale and scores:

Is the geosite directly affected by agricultural activities and/or classified as a cultural landscape?

- Yes=100
- Partially =50
- No=10
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Soil pollution influences the use of the soil of water and food as provisioning services.

The data from Magma Geopark is available in the Environmental Department Atlas.
(https://miljoatlas.miljodirektoratet.no/KlientFullEN.htm), The data from Jassingfjord reveals the
pollution linked with the ongoing extraction activities (Fig. 44).

Kartverket/Narsk Palarinstifitt

Figure 44 - Jgssingfjord soil pollution-Environmental Atlas (Crux and triangle in yellow, geosite in red)

The data about Sesia Val Grande comes from the Arpa Piemonte Database
(http://www.arpa.piemonte.it/approfondimenti/temi-ambientali/siti-contaminati/la-gestione-dei-siti-
contaminati/Anagrafe ); therein, neither of the two geosites are included in the list regarding the
“polluted” sites.

Here are the selected scale and scores:

Is the geosite directly affected by soil pollution

- Yes=10
- Partially =50
- No=100
Is the geosite indirectly (nearby) affected by soil pollution?
- Yes=10
- Partially =50
- No=100

b) Water requlation
These are the most relevant abiotic factors: Mineralogic properties and Permeability.

Mineralogic properties influence the quality of soil and water. We already considered them within
service n.6 — “Habitat provision” for the analysis of hydrology, by introducing parameters for “rock
properties”.

Similarly, for permeability, we followed the same procedure of the evaluation of the ecosystem
service n.6 — “Habitat provision” by using the parameter included in “soil diversity”.


https://miljoatlas.miljodirektoratet.no/KlientFullEN.htm
http://www.arpa.piemonte.it/approfondimenti/temi-ambientali/siti-contaminati/la-gestione-dei-siti-contaminati/Anagrafe
http://www.arpa.piemonte.it/approfondimenti/temi-ambientali/siti-contaminati/la-gestione-dei-siti-contaminati/Anagrafe

Here are the selected scale and scores:

Mineralogical properties:
Is the geosite characterized by limestone, dolomite, or gypsum?
- Yes =100
- No=10
Is the geosite characterized by gypsum or iron sulphate?
- Yes =100
- No=10

Permeability:
Is the geosite characterized by gravel?
- Yes=100
- Medium =60 No =10
Characterized mostly by sand?
- Yes =100
- Partially =50
- No=10
Characterized by clay?
- Yes =100
- Medium =60
- No=10

c) Presence of fresh water
_The presence of fresh water influences the provisioning of food and water. The presence of lakes,
ice sheets or rivers in the vicinity are positive factors for the water provisioning service.

Here are the selected scale and scores:

Are there any lakes, ice sheets or rivers in the vicinity?
- Yes, at least one of the three features = 100
- No lakes, ice sheets or rivers = 10

d) Temperature-climate
For permeability, we consider service n.1 — “Atmospheric and oceanic processes” and all the related
subfactors: altitude; latitude; mountain presence; water proximity; wind exposure; and slope
exposure.

The higher the score, the higher the influence is on the climate.

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Total score evaluation: the higher the score, the higher the geosite’s contribution to the service.

From the application of the above parameters and scores (indicators), we can deduce the following
results:

Eigeroy: 24%

Prato Sesia: 46.4%

Jossingfjord: 44.2%

Crevola: 47.1%

Eigergy is the geosite which contributes the least to the provisioning of food and water: there are no
fresh water sources in the area nor are there soil or agricultural activities.

Jassingfjord got a higher score thanks to the presence of the river and the presence of agricultural
activities in parts of the site.

Among selected geosites, Prato Sesia and Crevola equally offer higher contributions to the abiotic
ecosystem service N9.
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E. Benefits the society

The main elements which influence drink and food production at local, regional, and national level are soil,
climate and habitat. Institutions and communities must develop specific legislation and actions regarding
soil protection, by following the example from the European Soil thematic Strategy
(https://ec.europa.eu/environment/soil/three_en.htm). The recent Farm to Fork European Strategy
(https://ec.europa.eu/food/farm2fork_en) is also going in this direction, focusing on the use of chemical
pesticides, avoiding excess nutrients, restoring soil health, and improving soil management. The EU
Commission proposed a Directive concerning soil protection and regeneration (Thematic Strategy for Soil
Protection -Summary of the impact assessment (https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52006SC1165)

The Italian regions have adopted different legislation concerning soil protection and use, following the
European example.

In Norway, soil use is regulated by the Land Act (https://www.regjeringen.no/en/dokumenter/The-Land-
Act/id269774/ ), whose purpose is to provide suitable conditions to ensure that the land areas in the country
including forests and mountains and everything pertaining thereto (land resources) may be used in the
manner that is most beneficial to society and to those working in the agricultural sector.

Soil protection relates to the preservation of habitats, since geodiversity, geological heritage and the use of
the soil are also connected with the food and drink provision. Climate plays a key role in provisioning food
and drink for the human population; climate change is the main challenge that humanity is facing.

10) Nutrients and minerals for healthy growth

Humans obtain minerals and nutrients generally from food. Food absorbs minerals from the soil and about 17
elements are thought to be essential for plant and animal life.

The 17 essential elements present in plants are: nitrogen, phosphorus, potassium, calcium, magnesium,
sulphur, boron, chlorine, iron, manganese, zinc, copper, molybdenum, and nickel.

These 14 elements — along with carbon, hydrogen, and oxygen — are called the 17 essential inorganic nutrients,
or elements. Some of the essentials are needed in larger amounts than others and are called the macronutrients;
those needed in lesser amounts are the micronutrients. All elements are needed in specific amounts.

A. Question:
PhD’s preliminary question: 1S the geosite directly involved in provisioning nutrients and minerals for
human activities, such as agriculture?

B. Geological processes which influence the services:
Conditioning factors are rock type, erosion-deposition and transport phenomena.
Soils develop from rocks containing mineral elements which, for the most part, are locked in a
crystalline matrix, thus unavailable to plants until physical and chemical weathering loosens the
chemical bonds. The nutrients must be released into the soil water before plant roots can absorb them.
Those nutrients that become soluble are often leached out of the root zone before roots or soil organisms
can absorb them.

C. Abiotic factors influencing the process. Scale and assessment:
The main abiotic factor influencing service N10 is the type of bedrock within the geosite; in fact, each
kind of bedrock is characterized by different chemical elements.

Here are the selected scale and scores:

a) Is the geosite characterized by limestone, dolomite, or gypsum?
- Yes, all three = 100
- two of them =50
- One of them =30
- None=10

b) Are geosites characterized by gypsum or iron sulphate?
- Yes, both =100
- One of them =30
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- one=10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 10%
Prato Sesia: 20%
Jessingfjord: 10%
Crevola: 20%

Eigergy and Jgssingfjord contribute very little to the service, due to the presence of intrusive rocks
with low level of erodibility.
Prato Sesia and Crevola offer higher contributions thanks to the presence of limestone.

E. Benefits for society
Nutrients and minerals for healthy growth (in this case soil protection policies) play a crucial role in
preserving the soil’s benefits, including the amount of nutrients. (See “Soil processes”). Chemical
fertilizers and over fertilization of soils leads to soil and deep-water pollution.

11) Mineral fuel

A. Questions:
a) The PhD’s team preliminary question: Is the geosite positioned within an energy producing area?
Does the geosite provide energy?
b) Gray clarifications: Presence of energy resources within the geosite (coal and peat, petroleum, and
renewable energy).

B. Geological processes which influence the services:

Mineral fuels originate in underground conditions from the anaerobic decomposition of buried dead
organisms. The first condition for the services is the presence of fossils, i.e. remains of dead plants and
animals containing organic molecules. The transitions from these source materials to high-carbon fossil
fuels usually requires long-term geological processes able to transfer heat and pressure through the
Earth’s crust. Considering their long term, mineral fuels are viewed as not renewable resources.

On the contrary, other Earth surface phenomena such as landforms, geomorphic processes and agents
(river falls, wind, tides ...) can influence renewable energy production.

C. Abiotic factors influencing the process. Scale and assessment:
Peat formations depending on the type of source of water and the presence of organic material.
Coal formation depends on anaerobic conditions, type of source of water, presence of organic material,
pressure, and temperature.
Petroleum: organic material (sapropel), sediment deposits on sandstone (mother rock) acting with
pressure and temperature, and gas. The Earth’s movements lift the hydrocarbons; otherwise, they get
stored into layers of waterproof rock.
Uranium: radioactive decay
Renewable energy: Geothermal, hydroelectric (altimetric falls or within river drainage) wave and tidal
power (coastal condition), and wind power (higher in upland and coastal situations).

Here are the selected scale and scores:

Is the geosite characterized by (coal and peat, petroleum, or renewable energy plants)?
- Yes,all three = 100

- Two of them =50

- Oneof them =30

- None=10

117



D. Assessment results (see calculation Excel sheet n.4)

Eigeroy: 30%
Prato Sesia: 10%
Jessingfjord: 50%
Crevola: 30%

Prato Sesia does not contribute to the service.

Eigergy contributes to the service for 30% due to the wind power.

Crevola supports the service at the same level as Eigergy due to the hydro-power station within the
river.

Jassingfjord has the highest contribution to the service thanks to both wind power and hydropower.

Benefits for society

Mineral fuels are the most important source of fuels for all the communities at all levels. Coal and peat,
petroleum, and renewable energy are constantly monitored by international, national, and regional
Institutions and Organizations. Data from the European Mineral Map reveal a low presence of minerals
in the Sesia Val Grande geosite, while industrial minerals are present in Eigergy and Jassingfjord.
(http://www.europe-geology.eu/mineral-resources/mineral-resources-map/)

12) Construction minerals
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A. Questions:

a) The PhD team’s preliminary question: Presence of a quarry or other sources for construction material.
b) Gray clarifications: building stones, aggregates, limestone, structural clay, gypsum, sand, volcanic
products, and bitumen.

Geological processes which influence the services:

The construction minerals are the following:

a) Building stones — factors that make a rock become a building stone are structural strength, durability,
appearance, ease of working, and availability. The following types of rock originate from them:
sedimentary rocks, igneous rocks-granite, and dimension stones.

b) Aggregates — collection of rocks particles.

¢) Limestone — like cement and volcanic ash.

d) Structural clay — like clayey sediment.

e) Gypsum — like plaster, glass sand.

f) Volcanic products —volcanic ash provides clay fraction in cement production.

Abiotic factors influencing the process. Scale and assessment:

Abiotic factors which influence the provisioning of construction minerals are based on the rock type
within the geosite. The assessment for this service takes into consideration the Geoparks’ geological
description.


http://www.europe-geology.eu/mineral-resources/mineral-resources-map/
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Figure 46 - Mineral occurrences in Jgssingfjord-Mgp, NGU 2019, available online.

Here are the selected scale and scores:
Is any extraction of minerals and/or rock mined for its non-metallic value (salt, sulphur, and stone areas)

within the geosite?
- Three or more = 100
- Between one to three = 50
- One=30
- None=10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)

Eigergy: 30%
Prato Sesia: 10%
Jassingfjord: 30%
Crevola: 10%
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The Eigergy and Jgssingfjord geosites contribute to the service thanks to the presence of industrial
minerals in the related buffer zones.
No relevant mineral has been detected in the Prato Sesia and Crevola geosites.

Benefits for society

Construction minerals, building stones, aggregates, limestone, structural clay, gypsum, sand, volcanic
products, and bitumen are constantly monitored by international, national, and regional Institutions.
Minerals and their extraction are sources of income and could be beneficial in terms of jobs for the local
population. Mineral provision is crucial for modern society; however, the extraction and delivery
processes should lead to sustainable practices.

The European Commission, through the H2020 Programme, finances several projects focusing on
sustainable use of natural resources, i.e., the Arctic Hub project led by the Natural Resource Institute of
Finland, which involves as partners both the Sesia and Magma UGGp. The project, regarding the mining
industry, aims at analysing not only the “economic or developmental viability of mining but
view associated socio-cultural and political factors” (https://projects.luke.fi/arctichubs/)

13) Industrial minerals
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A

Questions:
a) The PhD team’s preliminary question: Is the geosite located within a mineral extraction area?
b) Gray clarifications: presence of a mineral quarry.

Geological processes which influence the services:
Industrial minerals are any mineral, rock, or other naturally occurring material of economic interest
except gemstones, metallic ores, or minerals. Minerals and rocks mined for their non-metallic value

such as salt, sulphur, and stone. (Dictionary of Gems and Gemmology, 2019).

Abiotic factors influencing the process. Scale and assessment:

Abiotic factors which influence the provisioning of construction minerals are based on the rock type
within the geosite. The assessment for this service takes into consideration the Geoparks’ geological
description.

To assess both the Geoparks mineral resources, we have been consulting the European Map for mineral
resources (Geological Survey of Europe).

Here are the selected scale and scores:
Are any minerals and/or rocks mined for their non-metallic value such as salt, sulphur, and stone areas
within the geosite?

- Three or more = 100

- Between one to three = 50

- One=30

- None=10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 10%

Prato Sesia: 10%

Jessingfjord: 30%

Crevola: 10%

Jessingfjord is the geosite that most contributed to the service thanks to the ilmenite deposit.
The other geosites do not contribute to the service.

Benefits for society

Industrial Minerals and their extraction are sources of income and could be beneficial in terms of jobs
for the local population if properly managed and agreed with by local stakeholders. Mineral provision
is crucial for modern society; however, the extraction and delivery processes should lead to sustainable
practices.

The European Commission, through the H2020 Programme, finances several projects focusing on
sustainable use of natural resources, i.e., the Arctic Hub project led by the Natural Resource Institute of


https://projects.luke.fi/arctichubs/

Finland, which involves as partners both the Sesia and Magma UGGp. The project, regarding the mining
industry, aims at analysing not only the “economic or developmental viability of mining but
view associated socio-cultural and political factors” (https://projects.luke.fi/arctichubs/)

14) Ornamental products

A. Question:
The PhD team’s preliminary question: Are there any gemstone extraction areas within the Geopark?
Gray’s clarifications: presence of gemstones.

B. Geological processes which influence the services:
Gemstones are natural inorganic minerals that are used as precious stones in jewellery or
ornaments. Although coloured gemstones and diamonds can both be considered gemstones,
they are often treated differently as their supply chains vary noticeably (Cartier L. 2019).
Most gemstones are found inigneous rocks and alluvial gravels, but sedimentary and
metamorphic rocks may also contain gem materials.

C. Abiotic factors influencing the process. Scale and assessment:
The abiotic factors influencing the service are related with the geology of the area. For the assessment,
we have been using the European Map for mineral resources (Geological Survey of Europe).

D. Here are the selected scale and scores:
Is the geosite characterized by extraction activities of ornamental gemstones?
Three or more = 100
Between one to three = 50
One =30
None =10

E. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”’; Column C)
a) Eigergy: 10%
b) Prato Sesia: 10%
c) Jessingfjord: 10%
d) Crevola: 10%

No selected geosite contributes to the service. In any case, it is worth noting that both Geoparks have
relevant N15 services offered by other geosites.

F. Benefits for society
Ornamental products are constantly monitored by international, national and regional levels institutions.
The direct benefit coming from the extraction and the selling of the ornamental products.

15) Fossils

A. Question:
a) The PhD team’s preliminary question: does the geosite overlapping an extraction area for fossil- fuel?
b) Gray clarifications: Presence of fossils.

B. Geological processes which influence the services:
The Cambridge Dictionary defines a fossil as: “The shape of a bone, a shell, or a plant or animal that has
been preserved in rock for a very long period”. Geological history and geological heritage influence the
presence of fossils. Almost all fossils are preserved in sedimentary rock. Organisms that live in
topographically low places (such as lakes or ocean basins) have the best chance of being preserved.

C. Abiotic factors influencing the process. Scale and assessment:
The two Geoparks selected do not contain any sedimentary rocks since they are mostly made of igneous
rocks from molten rock. The metamorphic rocks have been put under great pressure and fossils do not
usually survive these extreme conditions.
Is the geosite characterized by the extraction activities of fossils?
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Here are the selected scale and scores:

- Three or more extraction points = 100
- From two to three = 50

- One extraction point = 30

- None=10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 10%
Prato Sesia: 10%
Jassingfjord: 10%
Crevola: 10%

No geosite contributes to the service.
E. Benefits for society

Conservation strategies linked with fossil findings are important for educational activities and for
increasing the awareness of local people and preserving heritage for future generations.

5.7.3 Cultural Services

The geosite buffer zone is the area considered for the assessment of cultural services.

The scale for cultural services takes into consideration 100 as maximum scale, -60 as a “high” scale” -30 as a
medium and 10 as minimum points for all the services.

16) Environmental quality

A. Questions:
a) The PhD team’s preliminary question: is the geosite contributing to the aesthetic value of the area by
providing diverse landscape morphology?
b) Gray clarifications: Visual aesthetic appeal of the landscape, landform which enriches our spirit.

B. Geological processes which influence the services:
Landscapes have aesthetic appeals; some geomorphological features can be defined as components of
characteristic landscapes of some countries, and they represent the “environmental quality” service
(Coleman1996; Norton, 1988).

C. Abiatic factors influencing the process. Scale and assessment:
The geological processes which contribute to the service are the so-called “aesthetic values”, defined as
“additional values”. The visibility of a site is made up of two criteria: viewpoints (VP) and space
structure (STR).
VP: the first criterion considers the visibility of a site. A site covered by a forest or very difficult to
access would, in this case, have a lower score than a site visible from several viewpoints.
STR: the second criterion focuses on research about landscape perception, which indicates that
contrasting landscapes, landscapes with a vertical development, or landscapes with individual elements
that give that space structure are generally considered the nicest.
Consequently, sites with colour contrasts (e.g., contrasts due to lithological changes), with high vertical
development (e.g., peaks) or with spatial structures (e.g., morainic arcuate ridge that closes a valley,
braided rivers) will receive a higher score than monotone reliefs (e.g., alluvial plain, large plateau)
characterized by no evident contrast. (Reynard, 2009)

Here are the selected scale and scores:
The visibility of a site (is the site “clean” from vegetation?) is made of two main factors:
“Viewpoints” and “Space structure”.

Viewpoints: How many viewpoints (free of sight obstacles) within the geosite?
- More than 10 = 100
- Between 4-10 =60
- Between1-3=30
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- None=10

Space structure: number of individual elements which give the idea of “space structure «, like colour
contrasts (e.g., contrasts due to lithological changes), high vertical development (e.g. peaks) and spatial
structures (e.g. morainic arcuate ridge that closes a valley, braided rivers)

How many elements like colour contrast, mountain peaks, or specific spatial structures are within the
geosite?

- More than 10 = 100

- Between 4-10 = 60

- Between1-3=230

- None=10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigeroy: 70%
Prato Sesia: 60%
Jessingfjord: 75%
Crevola: 30%

Jessingfjord provides the higher contribution to the service since it is clean from vegetation but the
mountain peak and fjord valley contrast with the shoreline creates high value.

Eigergy provides high contribution to the service, thanks to no vegetation, and several contrastive
elements such as the colour contrast between anorthosite and the sea: the contrast between potholes,
cracks, and the landscape.

The Prato Sesia geosite is characterized by high visibility while the river band creates a slight contrast
opposite to the mountain background.

The visibility in Crevola is not good: the geosite is covered by vegetation; the river band is in contrast
with the mountain on the back.

E. Benefits for society
Benefits linked with cultural and knowledge services cover the local, regional, and national level. The
aesthetic values of the landscape come directly from the biotic and abiotic services; however, they do
not give directly benefit to society but are indirectly linked with tourism and leisure possibilities, which
are crucial in UNESCO Global Geoparks.

17) Geotourism and leisure

A. Question:
a) The PhD team’s preliminary question: Is there the presence of leisure activities connected with the
geosite’s geodiversity?
b) Gray clarifications: Tourism based on an area’s geological or geomorphological resources, which
attempts to minimise the impact.

B. Geological processes which influence the services:

Geotourism is a form of tourism focused on geology and landscape. This is the essence of geotourism,
which starts with the understanding of geology interpreted through its components of Form (landforms
and landscape), Process (how the landforms originated) and Time (when these processes occurred and
how long they lasted). This forms the basis of a more holistic understanding of the environment and its
component parts and thus, provides residents or tourists with a greater connection to the environment in
which they live or are visiting (Dowling, 2014). The geological processes influencing the service are
the different landforms and the geomorphological processes over time.
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D.

Abiotic factors influencing the process. Scale and assessment:

We have detected three main factors which are: landforms, the geological era represented, and the
number of leisure activities within the geosite.

Here are the selected scale and scores:

How many landforms-landscapes are visible within the geosite?
- None=10
- From1-3=30
- From4to8=80
- 9ormore =100

How many geological Eras and Periods are represented?
- More than 10 = 100
- Between 4-10 = 60
- Between1-3=30

- None=10
How many leisure outdoor activities are in the geosite?
- None=10
- 89=80
- 5-7=60
- 34=50
- 1-2=30

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigeroy: 56.6%

Prato Sesia: 53.3%

Jessingfjord: 30%

Crevola: 30%

Eigergy is the geosite with the highest contribution to the service, thanks to its landforms: kettle,
moraine, fjord, islands, and glacial erratic. Three periods are represented: Precambrian, Proterozoic and
Quaternary. Five leisure activities run within the geosite: hiking, climbing, swimming, kayaking, and
coasteering.

Jgssingfjord contributes to the service close to the same level as Eigergy. Landforms include kettle,
moraine, fjord, islands, glacial erratic, screes, and mountain. The periods represented are Precambrian,
Proterozoic and Quaternary. Three activities are present: hiking, climbing, and kayaking.

Prato Sesia and Crevola give equal contributions to the service since the number activities developed
in the site are equal and they are also characterized by the same types and numbers of landforms.

Benefits for society

Recreation and nature-based tourism are important sources of income and employment in many places
around the world. The total value of international tourism exceeds $444 billion (World Bank, 1999).
Nature-based tourism (sometimes called environmental tourism or ecotourism — although strictly
speaking, the latter is a subset of nature-based tourism and includes certain ethical considerations) may
comprise 40 — 60% of this total. The recreational benefit from nature also contributes to the health and
social relations dimensions of well-being, as there is a correlation between green areas, good air quality,
and human health-linking Ecosystem Services and Human Well-being

18) Cultural-spiritual and historical factors
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A

Questions:

a) The PhD team’s preliminary question? How many spiritual factors are linked within the geosite?

b) Gray clarifications: presence of myths, historical facts, archaeological features, and spiritual heritage
connected with the geosite.

Geological processes which influence the services:

Abiotic factors influencing the process. Scale and assessment:



Concerning the “cultural” side, we have divided it into historical-archaeological artefacts and
documented historical facts.

Here are the selected scale and scores:

Are historical-archaeological artefacts linked within the geosites?
- Yes, between 9-10 = 100
- 6-8=80
- 35=60
- 1-2=30
- None=10

Is the geosite linked with specific historical known documented facts?
- Yes, between 9-10 = 100
- 6-8=80
- 35=60
- 1-2=30
- None=10

Concerning the “spiritual” facts we consider those linked with individual cultural background It is
therefore very complex to determine an omni comprehensive formula. We do not include the spiritual
facts into the research.

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 30%
Prato Sesia: 10%
Jessingfjord: 80%
Crevola: 10%

Jessingfjord is the geosite which has the highest contribution to the service, thanks to the Helleren
houses and WWII memorials: canons, buildings, and mines. Three historically documented periods are
present in the geosite: the Altmark episode (WWI) ; the prehistoric settlements located underneath the
geological formation, and the Helleren wooden houses from the X1X century.

Eigeray shows evidence of WWII like bunkers and hangars. One historical period is documented.

The Prato Sesia and Crevola geosite do not give any contribution to the service.

E. Benefits for society
Benefits for society related with the cultural and historical values of the biotic and abiotic services are
strictly connected with their interpretation and valorisation at national, regional and local level; of
course, the higher the effort for interpretation, the higher is the possibility to increase the awareness and
the economic benefits for the territory.

19) Artistic inspiration

A. Questions:
a) The PhD team’s preliminary question. What is the number of known paintings, art installations within
the Geopark, using the geological landscape as a source of inspiration?
b) Gray clarifications: presence of art related to the geosite.

A. Geological processes which influence the services:

B. Abiotic factors influencing the process. Scale and assessment:
Within this service, we have been taking into consideration the number of known paintings, art
installations within the Geosite, with the geological landscape as source of inspiration.

Here are the selected scale and scores:
- From 9-10 art installations/art pieces = 100
- From6-8=80
- From3-5=60
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C.

- From1-2=30
- None=10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 30%

Prato Sesia: 10%

Jessingfjord: 30%

Crevola: 10%

Eigergy and Jgssingfjord contribute equally to the service thanks to the art installation inside the
lighthouse and the wooden sculpture within the fjord-landscape art.
Prato Sesia and Crevola do not contribute to the service.

Benefits for society

Benefits for society related with cultural, historical values of the biotic and abiotic services are strictly
connected with their interpretation and valorisation at national, regional and local level; of course, the
higher the effort for interpretation is, the higher the possibility to increase the awareness and the
economic benefits for a territory.

20 Social development

A.

Questions:
The PhD team’s and Gray preliminary questions: Presence of local activities promoting communities
and personal development based on the geosite’s contents (local geological related activities, voluntary

groups).
Geological processes which influence the services:

Abiotic factors influencing the process. Scale and assessment:

Within this service, we have analysed the number of specific activities linked with the geosite that
contribute to social development like folklore, fairs, art performances, and local voluntary associations.
Here are the selected scale and scores:

- From 9-10 art installations/art pieces = 100
- From6-8 =80

- From3-5=60

- From1l-2=30

- None=10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 30%

Prato Sesia: 10%

Jessingfjord: 30%

Crevola: 10%

Eigergy and Jgssingfjord contribute equally to the service thanks to the Eigergy Festival and the
wooden dancing platform on the fjord.
Prato Sesia and Crevola do not contribute to the service.

Benefits for society

The development of activities related with the geosite and geological heritage could support the
strengthening of “sense of belonging” to the citizens which is crucial for successful development
strategies and geoparks.

21) Earth history

A.
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Questions:
a) The PhD team’s definition: the presence of geological elements which are of international value
following the IUGS criteria (Mantovani et al., 2020; Richard, 2006)



B.

b) Gray clarifications: Geological record as research value.

Geological processes which influence the services:

C. Abiotic factors influencing the process. Scale and assessment:

Number of international publications concerning the geosite by scientific experts who make a globally
comparative assessment based on the peer-reviewed, published research conducted on geological sites
within the area (Statute of the International Geoscience and Geoparks Programme).

Here are the selected scale and scores:
- From 9-10 international publication = 100
- From6-8=80
- From3-5=60
- From1-2=30
- None=10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 100%

Prato Sesia: 100%

Jaessingfjord: 100%

Crevola: 100%

All the geosites actively contribute to the service due to their internationally recognized importance in
scientific literature highlighting relevant facts of Earth History:

In Prato Sesia and Crevola, the caldera’s collapse event (280Ma) is testified by ignimbrite
megabreccias of the Sesia Supervolcano (Quick et al., 2009).

In Jossingfjord and Eigergy, three main geological periods are represented: Pre-Cambrian, Permian
deep chemical erosion, and the last is the quaternary ice age processes.

Benefits for society

The benefits are linked with the awareness of people concerning their heritage, which can lead to the
establishment of local associations, groups or volunteers for its valorisation and protection. Educated
citizens disseminate good practices concerning the environmental and geological heritage protection.

22) History of research

A

D.

Questions:

a) The PhD team’s definition: Presence of geological elements which are of international value
following the IUGS criteria (peer reviewed and published research).

b) Gray clarifications: Geological record as research value.

Geological processes which influence the services:

Abiotic factors influencing the process. Scale and assessment:

Number of international publications concerning the history of the research connected with the geosite
by scientific experts who make a globally comparative assessment based on the peer-reviewed,
published research conducted on geological sites within the area (Statute of the International Geoscience
and Geoparks Programme).

Here are the selected scale and scores:
From 9-10 international publication = 100
From 6-8 = 80

From 3-5 =60

From 1-2 =30

None =10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 80%

127



E.

Prato Sesia: 100%
Jassingfjord: 80%
Crevola: 100%

All the geosites actively contribute to the service due to their internationally recognized importance and
due to scientific literature highlighting relevant advancements of History of geological research.

The Crevola and Sesia geosites highlight the presence of a unique deep geologic rock-forming process
at the contact point between the supervolcano’s magmatic chambers and the surrounding crustal rocks.
This testifies the origin of Sesia migmatites, hybrid rocks from the anathexis of the kinzigites—
metamorphic rocks with a scarcely evident schistose texture, of amphibolytic-granulitic facies (10 - 15
km depth) of pelitic rocks— thanks to the contact with melting plutonic gabbros of the basic complex.
(Quick et al., 2009).

Eigergy and Jassingfjord both contribute to the general understanding of the process going on inside the
six magma chambers approximately one billion years ago and the anorthosite rock formation during that
process. (Ashwal & Wooden, 1985)

Benefits for society
The benefits are linked with the awareness of people concerning their heritage which can lead to the
establishment of local associations, groups or volunteers for its valorisation and protection. Educated
citizens disseminate good practices concerning the environmental and geological heritage protection.

23) Monitoring and forecasting
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A.

Questions:

a) The PhD team’s definition: Presence of monitoring station for sampling purposes or for
meteorological purposes.

b) Gray clarifications: Record of sediments in lakes, bogs and ice cores, monitoring impact on human
activities.

Geological processes which influence the services:

Abiotic factors influencing the process. Scale and assessment:
Number of monitoring stations for sampling or meteorological purposes.

Here are the selected scale and scores:

- From9-10 =100
- From6-8=80

- From3-5=60

- From1-2=30

- None =10

Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 30%

Prato Sesia: 10%

Jgssingfjord: 30%

Crevola: 30%

Jessingfjord and Eigergy contribute to the services thanks to the weather station in Eigergy and the
monitoring pollution station active in the Jgssingfjord.

Crevola contributes to the services thanks to the hydropower monitoring station at the opposite Sesia
riverbank.

Prato Sesia does not contribute to the service.

Benefits for society

The benefits are linked with the possibility of monitoring geohazards, phenomena, and human activities.
Therefore, at all levels, proper monitoring is landing into protection of the local population and
appropriate urban planning.



24) Geoforensics

A. Questions:
a) The PhD team’s definition: Presence of evidence linked with a possible solution of a crime
investigation
b) Gray clarifications: Linking suspects to crime scenes.

B. Geological processes which influence the services:

C. Abiatic factors influencing the process. Scale and assessment:
Number of evidence linked with a possible solution of a crime investigation.

Here are the selected scale and scores:

- From9-10 =100
- From 6-8=80

- From3-5 =60

- From1-2=30

- None=10

D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigergy: 10%
Prato Sesia: 10%
Jgssingfjord: 10 %
Crevola: 10%

The geosites do not contribute to the service.

25) Education and employment

A. Questions:
a) The PhD team’s definition: presence of geological record with a role in education and training
PhD team: Presence of educational activities based on educational geosite contents.
b) Gray clarifications: presence of features with special educational and scientific values or interest,
number of classes visiting, number of scientific studies.

B. Geological processes which influence the services:
C. Abiatic factors influencing the process. Scale and assessment:

Number of educational activities related with the geosite, run by the Geopark directly or in cooperation
with the schools (from kindergarten to university grades).

Here are the selected scale and scores:

- From9-10 =100
- From6-8=80

- From3-5=60

- From1-2=30

- None=10

Accessibility:

- Accessible by anyone (including the disabled) on foot = 100;
- Accessible on foot but not for the disabled = 80

- Accessible by car with parking = 60

- Accessible by car without parking = 30

- Not accessible =0
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D. Assessment results (see calculation within Annex 6, Excel worksheet “Phase 4”; Column C)
Eigeroy: 70%
Prato Sesia: 45%
Jessingfjord: 65 %
Crevola: 55%

Eigergy contributes with three activities: the ornithological association (MGp stakeholder) activities,
the teachOut app, and the Outdoor Organisation Association activities, which is owner of Magma
Geopark.The site is accessible on foot but not for the disabled.

Jassingfjord is contributing with two Geopark activities with the TeachOut App and the Outdoor
Organization Association activities, the geosite is accessible on foot and to the disabled.

Prato Sesia and Crevola contribute with educational activities run directly by the Geopark staff.

After the flood of October 2020, Crevola has two possible access trails: public through the CAI (Alpine
Italian Centre) path n. 605 and the Crevola-Bec trail accessible on foot but not to disabled people.

F. Benefits for society
The benefits are linked with people’s awareness of their heritage, which can lead to the establishment
of local associations, groups, or volunteers for its valorisation and protection. Educated citizens
disseminate good practices pertaining to environmental and geological heritage protection.

5.8 Conclusions from the abiotic ecosystem assessment

Within the present research we have been first evaluating the overall approach suggested by Gray (2013,2015),
where the 25 abiotic ecosystem services have been detected and their characteristics has been analysed, then after
selecting specific geosite, both a related desk and field research took place.

Preliminary results were focusing mostly on qualitative data, describing the connection between each single
geosite and each single service through observation of the landscape and comparison with the qualitative
description given by Gray. However, as described in Chapter 5.2.1, the obtained assessment based only on
qualitative approach cannot be considered sufficient for a complete understanding of the geosite connections and
their role within abiotic nature. The preliminary assessment does not provide any measurable data which allow to
compare geosite located in the same Geopark nor different geosite located in separate Geoparks.

The further assessment of the abiotic ecosystem services in Eigergy geosite through the proposed abiotic services
indicator assessment framework, gives the results available in the Chapter 5.4 and in the Annex 6-Sheet4.

Through this assessment it is possible to apply a quantitative method within the geosite, which allows us to
measure, monitor and compare each single geosite contribution in each service both in the same and in different
Geoparks.

Regulating Services: Following the scale developed, we can conclude that the Eigerey geosite “poorly”
contributes to the so-called “regulating factors" connected with atmospheric circulation; it does not contribute
both to the so-called “terrestrial processes” nor to the “water regulation” services. Thanks to the methodology
developed, it is in fact possible to identify the reasons for this shortcoming, which is mostly due to the absence of
soil and the high presence of magmatic rock-types. It is now possible to demonstrate that Eigergy is contributing
for 53% to the so- called Regulating Services, while Jgssingfjord, Crevola and Prato Sesia are contributing on a
scale of 60 % and 63% of the points available. We can conclude that Eigeray offers less protection against factors
linked with the atmospheric circulation phenomena in comparison with the other 3 geosites analysed.

Supporting Services: Considering e.g., the “Habitat provision”, following the data from 5 factors (type of geology,
geomorphological processes, soil diversity, geomorphology, and hydrology within the 17 variables detected, we
can conclude that the geosite is contributing for only a 38% of the available total point to the provision of habitat.
This is mainly due to the low geodiversity index, scarcity of soil and soil diversity, law number of landform
characterising the landscape and most rocks classified as anorthosite which are impermeable to water.
Comparing the results with Prato Sesia, we can conclude that Prato Sesia is contributing with more than double
available points (77%) to the provision of habitats due to higher geodiversity level, high rate of transportation and
deposition, high presence of soil and landform.
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Provisioning Services: Eigeray geosite does not contribute at any relevant scale to the “Food and drink” service
(24%) mainly due to scarcity of soil (nutrients and fertility) absence of fresh water, however it is scarcely
contributed to other provisioning service as well, due to absence of mineral fuels, construction and industrial
minerals, ornamental products, or fossils. Crevola geosite contributes for 47% of the available score to the service,
thanks to the fertility of soil, the presence of fresh water, and climate regulation due to the proximity with a
mountain chain.

Knowledge and Cultural services: The landscape around Eigergy is aesthetically very appealing, clean from
vegetation provides a very good example of geosite for educational purposes and the number of different visible
landforms allow numerous geotourism activities which make the geosite the highest contributor to these services
(Environmental quality 70% and Geotourism 56%).

The research shows that, thanks to the establishment of the methodology, it is now possible to analyse each
variable influencing the service in detail, and to compare the contribution of geosites to the service, even though
they are in different Geoparks characterized by different geographical characteristic, socio economic background
and diverse geological and cultural heritage.

The method can apply to measure each service in each single geosite in the same Geopark area, in case it requires
an assessment for interpretation purposes for development of specific plan for management or policy makers.

The possibility expressed by the research allows the scientific communities to further explore the investigation
concerning more variables and indicators, to expand and refine the calculation further.
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Chapter 6 — Examples of abiotic ecosystem service
valorisation

6.1 The GEOfood initiative

The GEOfood initiative was established in 2015 in the MGp, Rokua UGGp-Finland, Odsherred UGGp in
Denmark, and Reykjanes UGGp in Iceland as a brand reserved only for UNESCO Global Geoparks approved
territories. The project leader for the initiative is Sara Gentilini, project manager in MGp since 2011

The idea comes from the need of having a common selected criteria for developing local food networks within
UNESCO Global Geoparks and eventually valorising the common product within specific tourist offers dedicated
to geological heritage and local food which could increase the Geopark’s visibility and the people's interest in
geological heritage. It is in fact mandatory for enterprises to explain the connection between the raw material and
the geological characteristic of the area on the product and the menu: through food the initiative increases the
awareness of people about importance of abiotic services to the community

The GEOfood brand, now owned by MGp, aims at collecting stories about local communities, local traditions,
and the origin of the food raw material in connection with geological heritage of each UNESCO Global Geopark
territories: its quality is based on the authenticity of the products, the heritage of local people, and the proximity
of the ingredients. (Gentilini & Thjgmge, 2014)

The criteria are based on food proximity and all the food enterprises willing to use the GEOfood brand must use
raw materials from the Geopark area, while the GEOfood restaurant should serve at least one seasonal menu. This
criterion is chosen to guarantee the support to local farmers, to local entrepreneurs, and the integration of law
scale economy strategies within the UNESCO Global Geopark. GEOfood is also contributing to empowerment
of communities and kids, through educational programs linked with sustainability and climate change issues.
From 2015 till now, the GEOfood initiative has been a successful project: in May 2022, 32 UNESCO Global
Geoparks embracing the brand, the criteria, and its values, developing more than 70 different local products and
30 local menus, which all explained the connection between the raw material and the geological heritage.

The UNESCO Global Geoparks which are part of the initiative at September 2022 are: Arouca, Azores,
Cheongson, Cliffs of Fundy, Discovery, Estrela, Grevena, Grutas del Palacio, Hateg, Haute Provence, Idrija,
Katla, Kutralkura, Langkawi, Las Loras, Lauhanvuori Mudeungsan,Natur und Geopark Steirische Eisenwurzen,
Naturtejo,Novoharad- Négrad, Qeshm, Rocca di Cerere, Rokua, Sesia Val Grande, Seridd, Stonehammer, Terras
de Cavaleiros,The Burren and Cliffs of Moher, Thuringia Inselberg, Tuscan Mining,Villuercas, Vis Archipelago
and Magma.

After signing an agreement with MGp, each Geopark is directly responsible for the selection of food enterprises,
each Geopark can choose its own business model and management system for handling GEOfood certification at
local level, including how to involve farmers and enterprises for its implementation.

In many UGGp, the adoption of GEOfood naturally involved students, schools and Universities into specific
programmes, courses and initiatives which focused on using local food resources, reducing food waste, and
discovering and maintaining local sustainable practices.

GEOfood has been also adopted as a best practice in several partner areas for involvement of local communities
(Norway, Finland, Croatia, Canada), attracting resources for local projects linked with its values and principles.

In MGp, the RURITAGE project, financed by the European Commission and the GEOfoodEDU, financed by
NORA, Nordisk Atlantic Cooperation examples of projects and external resources linked with the idea of local
food as a driver for sustainable development and engagement of the young generation within food related issues.

The GEOfood initiative has been selected as a main subject for two master theses: in Finland, Austria and in Italy
acting as a case-study for developing strategies to boost local economy.
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In November 2021, GEOfood was selected by UNESCO Earth Department as one of the Geopark’s best projects
focusing on Actions related with Climate Change issues within COP26.

Figure 47 - GEOfood partners, Gentilini S., Sept 2022.

The concept is evolving over time, thanks to the participation of 22 Countries (Norway, Iceland, Italy, Spain,
Portugal, Croatia, Slovenia, Germany, Greece, France, Korea, Uruguay, Canada, Chile, Slovakia, Hungary,
Ireland, Malesia, Romania, Austria, Iran, Brasil) and the consequent exchange of ideas and experiences. The
initiative encompasses three main themes: strengthening the local Geopark’s food production and enterprises
(tourism), increasing the awareness of geoheritage and abiotic factors (education), strengthening the meaning of
the brand within research and innovation activities. (Gentilini S et al., 2021).

During 2021 the project got awarded from the International Geoscience Programme as the best project proposal
under the “Sustainable development” topic (see 6.2.1). GEOfood has been presented in more than 100 events and
conference from 2015.

6.1.1 The GEOfood contribution to the United Nation Sustainable Development Goals

During the United Nation Sustainable Development Summit run in September 2015 countries officially adopted
the historic new agenda, entitled “Transforming Our World: The 2030 Agenda for Sustainable Development,”
which was agreed upon by the 193 Member States of the United Nations, and includes 17 Sustainable
Development Goals (SDGs). The agenda is a result of three yearslong, transparent and participatory process led
by the Open Working Group as an outcome of the Rio Conference in 2012.

It represents an unprecedented agreement, a roadmap with shared Global Goals and 169 targets, indicators and
monitoring procedures to end global poverty, leaving no one behind, supporting dignity for all and strengthening
planetarian effort towards green economy and sustainable living, supporting development without jeopardising
the ability of future generations to meet their own needs.

The agenda is a call for action till 2030, focusing on five areas of critical importance: people, planet, prosperity,
peace and partnership.
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Figure 48 -United Nation Sustainable Development Goals , available on line at :
https://www.un.org/fr/sustainable-development-goals.

In 2019, MGp in cooperation with Naturtejo UGGp established the “manifesto” of values including sustainability
criteria for GEOfood companies, using references from the Food Agricultural Organization (FAO, 2018) and
AGENDA 2030 (U.N., 2015).

The manifesto of values, now translated in 20 languages, includes information about the connection between the
UNESCO Global Geoparks and the United Nation Sustainable Development Goals, with specific focus on the
ones related with food, climate change and education, particular with SDGs ns.2, 3, 4,5, 8,11, 12, 13,14, 17.

In particular, GEOfood is contributing to the Goal n.2: “End hunger, achieve food security and improved nutrition
and promote sustainable agriculture” within the Target 2.3: “By 2030, double the agricultural productivity and
incomes of small-scale food producers, in particular women, indigenous peoples, family farmers, pastoralists and
fishers, including through secure and equal access to land, other productive resources and inputs, knowledge,
financial services, markets and opportunities for value addition and non-farm employment”.

GEOfood is in fact, involving local small-scale producers, women cooperative (ex. In Grutas del Palacio UGGp-
Uruguay) empowering family farmers and local enterprises towards innovative opportunities linked with non-
farm activities like food storytelling, tourism, and education.

GEOfood is contributing to the Target 2.4 “By 2030, ensure sustainable food production systems and implement
resilient agricultural practices that increase productivity and production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate change, extreme weather, drought, flooding and other disasters and
that progressively improve land and soil quality”, supporting local traditional agricultural practices linked with
natural cycle and its changing linked with climate instability and extreme phenomena. The Target 2.5 “By 2020,
maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated animals and their related
wild species, including through soundly managed and diversified seed and plant banks at the national, regional
and international levels, and promote access to and fair and equitable sharing of benefits arising from the
utilization of genetic resources and associated traditional knowledge, as internationally agreed” is also included
within GEOfood main values. Several GEOfood company members are valorizing the wild species, supporting
the use of diversity type of seeds promoting the utilization of genetic resources associated with traditional
practices.

The Goal 3 is also fully included into the manifesto, in fact “Ensure healthy lives and promote well-being for all
at all ages” is one of the main GEOfood sustainable food strategy development which is fully contributing to the
Target 3.9 “By 2030, substantially reduce the number of deaths and illnesses from hazardous chemicals and air,
water and soil pollution and contamination”.

Education for local communities is part of the GEOfood initiative, so the contribution to the UNSDG n.4 “Ensure
inclusive and equitable quality education and promote lifelong learning opportunities for all” is also relevant,
especially within the Target 4.3 and 4.4. ensuring the equal access for all women and man to affordable educational
programmes and increasing the number of people having relevant skills.

GEOfood aims at empowering women entrepreneurs, contributing to the Goal n.5 “Achieve gender equality and
empower all women and girls”, supporting women cooperative and female entrepreneurs.
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Within the Goal 8: “Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all”, GEOfood is supporting the Target 8.3, promoting job creation,
entrepreneurship, creativity, and innovation for using local heritage as a tool for sustainable development, one of
the GEOfood value is also connected with Target 8.8 to guarantee labour rights and proper job conditions,
involving only companies following specific labour rules. Indirectly GEOfood is supporting the development of
policies for sustainable tourism, directly promoting local cultures and products, fully in line with the Target 8.9.
Goal 11: “Make cities and human settlements inclusive, safe, resilient and sustainable”, GEOfood is aligned with
the Target 11.4 aiming at protecting and safeguarding cultural and natural heritage, both intangible and tangible.
Food is one of the most important aspects of cultural local heritage, raw material and respect for the environment
is directly supporting the natural heritage in the countryside but also within urbanised areas. UNSDG n.12:
“Ensure sustainable consumption and production patterns" includes Targets 12.1, 12.2 aiming at implementing
sustainable consumption and management of natural resources: the main core of GEOfood is linked with the use
of sustainable sourced local food with reduce use of pests and chemicals dangerous for human health (Target
12.4). Packaging and waste reduction (Target 12.5) is one of the requirements for adopting the GEOfood brand
within UGGps. Target 12.8 “By 2030, ensure that people everywhere have the relevant information and awareness
for sustainable development and lifestyles in harmony with nature” is fully included in the GEOfood concept of
increasing people's awareness about nature, informing citizens through food storytelling and seasonal menus. The
analysis of the GEOfood development can also be seen as a tool for monitoring impacts of sustainable
development practices within UGGps (Target 12.b).

The Goal 13: “Take urgent action to combat climate change and its impacts' ' includes several targets linked with
GEOfood in many aspects. The idea of GEOfood related with developing specific educational courses on food
waste reduction and the related impact of use of local food regarding reduction of CO2 emissions is contributing
to the Target 13.3. “Improve education, awareness-raising and human and institutional capacity on climate change
mitigation, adaptation, impact reduction and early warning”. The overall contribution of GEOfood concerning the
reducing of pests in agriculture, the support to local SME’s and the use of local fish seasonal resources in the
menu is also supporting the Goal 14 of Conserving and sustainably use the oceans, seas and marine resources for
sustainable development”, especially targets 14.1,14.3. and 14.b “Provide access for small-scale artisanal fishers
to marine resources and markets”. Goal 15, “Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss”, is connected to the GEOfood principles of supporting the maintenance and valorization of
traditional endogenous animal species. GEOfood is finally supporting the achievement of the Goal n.17
revitalising the global partnership for sustainable development through the networking activities and exchange of
good practices.

UNSDGs GEOfood contribution

food storytelling, tourism, and education.
2.4 Supporting local traditional agricultural practices linked with the natural cycle.

utilisation of genetic resources associated with traditional practices.

Goal 2 2.3 Involving local small-scale producers, women cooperative, empowering family farmers
and local enterprises towards innovative opportunities linked with non-farm activities like

2.5 Valorizing the wild species, supporting the use of diverse type of seeds promoting the

Goal 3 3.9 Sustainable food strategy development

Goal 4 4.3 and 4.4 Ensuring the equal access for all women and man to affordable educational
programmes and increasing the number of people having relevant skills

Goal 5 5 Empowering women entrepreneurs

Goal 8 8.3 Promoting job creation, entrepreneurship, creativity, and innovation for using local

heritage as a tool for sustainable development.
specific labour rules.

cultures and products.

8.8 Guarantee labour rights and proper job conditions, involving only companies following

8.9 Supporting the development of policies for sustainable tourism, directly promoting local

Goal 11 11.4 Protecting and safeguarding cultural and natural heritage, both intangible and tangible.

Goal 12

12.1-12.2 Implementing sustainable consumption and management of natural resources
12.4 Use of sustainable sourced local food with reduce use of pests and chemicals dangerous
for human health

Goal 13 13.3 Courses on food waste reduction and the related impact of use of local food regarding
reduction of CO2 emissions.
Goal 14 14.1-14.2-14b Concerning the reducing of pests in agriculture,
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Support to local SME’s and the use of local fish seasonal resources

Goal 15 Supporting the maintenance and valorization of traditional endogenous animal species

Goal 17 Revitalizing the global partnership for sustainable development through the networking
activities and exchange of good practices.

Table 6 — Synergies UNsdgs and GEOfood, Gentilini S. 2022.

6.1.2 The GEOfood contribution to the abiotic ecosystem services

GEOfood interacts and contributes to several United Nation Sustainable Development Goals (Chapter 6.1.2), the
abiotic ecosystem services have great potential for better planning, policy and decision making. Starting from the
connection between GEOfood and SDGs, it is possible to underline the following interaction between the 25
abiotic services and GEOfood.

The GEOfood contribution to SDGs n.2, target 2.3 is connected to the involvement of local small-scale producers,
women cooperative, empowering family farmers and local enterprises towards innovative opportunities linked
with non-farm activities like food storytelling, tourism, and education. The empowerment of local farming relates
to the Supporting service: “Land as platform for human activity” and Provisioning service: “Food and drink”
while innovative non- farm activities are contributing to Education and employment (Cultural Service).

The GEOfood is supporting the 2.4 target, sustaining local traditional agricultural practices linked with natural
cycle”, which is connected with Regulating processes: Terrestrial processes, Flood control, water quality
regulation, but also with Supporting Service: Land as Platform for Human activities, Provisioning: Food and drink
and Cultural service like: Environmental quality, Social development.

The target 2.5 achieved with the GEOfood action of valorizing the wild species, supporting the use of diverse
types of seeds promoting the utilisation of genetic resources associated with traditional practices is linked with
several ecosystem services: Habitat Provision, Food and drink, Environmental quality, Social development and
Education and employment.

GEOfood is supporting Sustainable food strategy development (SDGs- target 3.9) which is connected directly
with the cultural service Environmental quality.

The target goal 4.3 and 4.4 and the SDG n.5 are linked with the GEOfood educational actions and valorization
activities which ensuring the equal access for all women and man to affordable educational programmes and
increasing the number of people having relevant skills, directly in line with the ecosystem service Social
development and Education and employment.

The GEOfood contribution to target 8.3 is linked with the promotion of job creation, entrepreneurship, creativity,
and innovation for using local heritage as a tool for sustainable development and with the Ecosystem Services
Social development, Earth history and Education-employment.

The support to target 8.8 though GEOfood is guaranteed through the involvement of companies following specific
labour rules which connect with Ecosystem Services Social development, Earth history and Education-
employment.

The GEOfood support to the development of policies for sustainable tourism, directly promoting local cultures
and products is linked with SDG target 8.9 and with Ecosystem Services: Geotourism and leisure, Social
development, Earth history and Education-employment.

GEOfood is supporting the Protection and safeguarding cultural and natural heritage, both intangible and tangible
(Target 11.4) though the valorization and recording of intangible heritage and promotion of natural heritage as
source for quality food, involving the Ecosystem services: cultural and historic and Environmental and forecasting
monitoring.

The targets ns. 12.1-12.2-12.4 are connected to GEOfood thanks to its actions for the implementation of
sustainable consumption and management of natural resources with reducing use of chemicals and pests, also
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linked with the Provisioning Service: Food and drink, and Cultural Services: Environmental quality and the
Environmental monitoring and forecasting.

GEOfood is empowering the Target 13.3 offering courses on food waste reduction and the related impact of use
of local food regarding reduction of CO2 emissions, linked with Ecosystem services: Food and drink, Social
development, Education and employment.

The SDG target 14.1is linked with the GEOfood strategy linked with the reduction of pests in agriculture
enhancing the ecosystem service- Habitat provision.

GEOfood within the 14.2-14b SDGs target is supporting local SME’s and the use of local fish as seasonal
resources, contributing to Food and Drink and Environmental quality.

GEOfood is contributing to the Goal n.15, supporting the maintenance and valorization of traditional endogenous
animal species, linked with Habitat provision service while the connection with Goal n.17 is guaranteed through
the networking activities contributing to Social development and Education-employment.

GEOfood- UNITED NATION SUSTAINABLE DEVELOPMENT GOALS and TARGETS

REGULATING

23 24 25 3.9 43 44 5 8.3 8.8| 8.9 114 121 122 124 133 141 14.2|14.b

15

The benefits obtained from the regulation of ecosystem processes, including air quality regulation,

climate regulati
regulation, pest

ion, hazard regulation. water regulation, erosion regulation, water purification, disease|
regulation, pollination and natural

1) Atmospheric

and ocean processes

2)Terrestrial pre

ocesses X

3) Flood control

|4) Water quality regulation X

SUPPORTING

They are necessary for the production of all other ecosystem services including soil formation,
is, primary production, nutrient cycling and water cycling.

5)Soil processes

6)Habitat provision X X

7) Land as a platform for human activities X X

8) Burial and storage

The products obtained from ecosystems, including food, fibre, fuel, genetic resources, biochemicals,
natural medicines, phar i resources and fresh water.

9)Food and drink X X X X X X X X X

10)Nutrients and minerals

11)Fuel ( source:

s of energy)

12)C

materials

13) Industrial mi

inerals

14)0

products

15)fossils

CULTURAL

The non-material benefits people obtain from ecosystems through spiritual enrichment, cognitive
development, reflection, recreation and aesthetic experiences — thereby taking account of landscape

values.

16) Environmental quality X X X X X X

17) Geoturism and leisure X X

18) Cultural spiritual and historic X

19) Artistic inspiration

20)Social development X X X X X X X X X

21)Earth history X X X

22) History of research

23) Environmental and forecasti X X X

24)

25) Education and employment X X X X X X X X X

Table 7 — Synergies Abiotic Ecosystem Services and GEOfood, Gentilini S. 2022.
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6.2 The UNESCO International Geoscience Programme

6.2.1 Project 726. GEOfood for sustainable development in UNESCO Global Geoparks
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International Union of Geological Sciences

IGCP 726 GEOfood for sustainable development in UNESCO Global Geoparks

Figure 49 - Project logo, Rodrigues J. 2021.

The International Geoscience Programme’s main goal is to promote the sustainable use of natural resources,
advancing new initiatives related to geo-diversity, geo-heritage, and geohazards risk mitigation. It serves as a
UNESCO knowledge hub to facilitate international scientific cooperation in the geosciences across the World.
Once a year, the Programme issues a call for proposals and issues financial support to specific projects regarding
geoscience; the GEOfood initiative has been financed this year under the topic of “Sustainable Development”.

The project, which was approved in 2021 and is led by Sara Gentilini on behalf of Magma UGGp, outlines the
success of the GEOfood initiative. It will run for five years, involving 56 individual partner organisations

including museums, universities,

UNESCO Global Geoparks, aspiring Geoparks from 28 countries.

(https://gecfood.no/geofood-science/igep-programme/ ). Members from aspiring Geoparks and Geopark projects

are also included in the project and their contribution is especially relevant since one of the main project outcomes

is to establish a tool for supporting territories in developing food networks and GEOfood products.
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Figure 50 - Project members, Gentilini S. 2022.
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This project proposes a scientific approach to GEOfood, starting from the connection between geoheritage,
geodiversity, ecosystem services, food production and sustainable development. Based on this study, the project
will establish methodologies for GEOfood assessment, implementation, and results.

The project goal is to carry out research on the link between geoheritage, geodiversity ecosystem services, food
production and sustainable development through the implementation of an innovative brand — GEOfood.

Goals

ACTIONS

RESULTS

1.Gathering data, mapping the
resources and  conducting
research

1.1. Establishing a baseline
1.2. Gathering data on local
level

1.3. A comparative study
1.4. Meeting or Online tool

1.1. List of concepts and definitions
1.2. Database and spatial data

1.3. A scientific report

1.4,

2.Developing methodologies 2.1. Assessment | Methodologies on GEOfood assessment,
methodology implementation, and results
2.2. Implementation
methodology
2.3. Results evaluation
methodology
3.Designing and producing a | 3.1. Designing and | a GEOfood toolkit (on-line tools, guides,
toolkit producing a GEOfood | brochures, leaflets, maps, etc.)
toolkit

4.Implementing on local level

4.1. ldentifying potential
local partners

4.2. Local activities

4.3. Evaluation of results

4.1. at least 5 potential partners for each
territory

4.2. at least 1 local event, 3 on-line events, 1
press release and 1 certified product for each

territory
4.3. 23 local evaluation reports, 1 overall
evaluation report.

5. Disseminating the results 5.1. participating to events

and writing articles

at least 3 conferences, at least 5 scientific
articles, at least 30 media coverages

Table 8 - Project goals and outcomes, (Gentilini et al., n.d.)

Analysing these relationships in depth is essential to understand the local identity of a UGGp in all its cultural,
social and economic aspects (i.e., use of natural-geological resources).

This will be used as a basis for developing strategies to fulfil the IGCP broad objective which aims at increasing
the understanding of geological processes and concepts of global importance, including an emphasis on socially
relevant issues.

The expected main outcomes of the project are shown in the webpage platform (www.geofood.no), the first project
main result was the project baseline, product of overall efforts within all project members. 8 main concepts, linked
with GEOfood values and definition have been detected: geology, geography, soils, agriculture, biodiversity,
economy, geotourism and culture. For each of the concepts the teams detected the Definition, the Qualitative
indicators and the Bibliography. Starting from the baseline the project will develop local research, collecting
GEOfood best practices and methodologies already in use in UNESCO Global Geoparks, to develop specific tool
kitas  main second years outcome. Another outcome of the project first year was the GEOfood board game
which has been realised by the Hateg County Geopark from Romania, with inputs from Magma and Naturtejo
UGGps. The aim of the boardgame is to get to know the geoparks’ economic framework, to familiarise with the
geoproduct concept and to learn about GEOfood and is now available online for free use.
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7 Conclusions and Final Remarks

7.1 A methodology for geosite assessments within UNESCO Global Geoparks

The research started from the desk analysis of the UNESCO Global Geoparks, which included the geosites’
geological and cultural background, their classification adopted at the time of application to the UGGps, and the
geosite methodology, which can be identified with the “Stakeholders consultation and object and targets
identification” in the “Biodiversity Indicators Development Framework™ described above.

The proposed methodology includes the selection of the “case study” geosites, field inspections regarding those
selected geosites, and results in data; said results have been compared with the preliminary analysis of the abiotic
ecosystem services and the related classification of 25 abiotic ecosystem services outlined by Gray. (Table 9-
Green circles)

Through the collection of Data, Questions and Indicators, the field and desk research were combined and the
preliminary classification of the representative geosites was gathered in a “database for geosite recording”,
considered to be a common framework for geosite classification between Italy and Norway; this record is the first
product of this research (Blue Circle NI, Table 9).

The research on existing biotic ecosystem classifications and applications and its subsequent comparison within
the already proven methodologies related with abiotic ecosystem services assessment results in the analysis of the
overall qualitative characters of the selected geosites. (Blue Circle NII, Table 9).

The provisional analysis of the abiotic ecosystem (Blue Circle 2), the key questions and Indicator use and the
application of existing scientifical biotic service approaches to the abiotic features of the Geopark selected led to
the detection of a conceptual model based on provisional abiotic indicators.

The provisional model has been tested and refined with stakeholders (Yellow Circle 4A).

The gathering of data, the final provisional assessment, led to the development of the monitoring-reporting system,
which constitutes the third product of this research (Blue Circle NIII).
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Comparison of existing
methodologies for biotic
classification with the abiotic
services detected in the pilot areas

Analysis and
comparison of existing
ecosystem
classifications

Overall analysis of
the abiotic
ecosystem

Data Determine key
recording and questions & Indicator

systematization 7| use ' Develur;:‘ gg:lceptual .

1 Identify possible =
Data description, (purpose - selection)

evaluation and =
interpretation Gather and review data bilg
(production-diffusion)

Calculate Indicators Develop monitoring & Processes
reporting systems (permanence-continuity)
Communicate &
Interpret indicators

4a | d 1
Test and Refine
H ' 7 PhD Main PhD
indicators with Product- PhD Research Methodology
stakeholders outcome Phases Phases

Table 9, Biodiversity Indicators Development Framework, from Biodiversity Indicators Partnership:
(https://www.bipindicators.net/national-indicator-development) Adapted with PhD’s methodology, Research Phases and
Product, Gentilini S.

Database
for geosite recording

7.2 Results within the UNESCO Global Geoparks investigated and in other
IGCP projects.

The results obtained through this research could give a concrete benefit to the two Geoparks which were
investigated. As the abiotic assessment shows, within the analysis of the four geosites selected (Annex 6), the
abiotic ecosystem services play a relevant role in the interpretation, consequent geosite development, and overall
land planning on behalf of Geopark managers and policy makers.

As a matter of fact, the research provides a planning tool for managers, supporting them to deliver appropriate
budgets for Geopark planning, taking into consideration all the advantages but also all the threats brought by
nature to human development.

The present research final assessment method allows managers and policy makers, with the support of a
multidisciplinary team, to preliminarily assess the territory in an innovative way considering climate issues, land
use, geohazards, soil presence, water and food provisions, education and culture, all in one.

The application of the abiotic service assessment could positively influence all the activities related with a
UNESCO Global Geopark, from planning to delivering educational courses, visibility and interpretation panels,
infrastructure and cooperating with local communities, and strengthening the bottom-up approach, which is
crucial for successful Geopark territories.

In fact, thanks to a deeper analysis of the abiotic natural services, it would be easier to establish strong relationships
with landowners, food producers, craft makers, and local stakeholders who are the custodians of intangible
heritage and often feel mistreated by local planners.

The present preliminary definition of indicators for abiotic nature aims at incentivising a stronger cooperation
between “bio” scientists and “geo” scientists, who are both equally important for understanding the nature around
us.

The research is supporting the development of the IUGS Geological Heritage sites (with the project number 731)
led by Dr. Asier Hilario Orus which aims to open a new opportunity for the global recognition of Geological Sites
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of International Significance (IUGS Global Geosites) bringing together the experience and knowledge of different
actors like geological surveys, UGGp and scientific organisations.

7.3 The Benefit to society from abiotic ecosystem services

The overall analysis carried out within this research has led to the main conclusion of the importance of mapping,
assessing, and monitoring the abiotic ecosystem services characterising UNESCO Global Geoparks.

Benefits obtained by the systematic management of abiotic services and related planning actions are numerous
and have important positive effects on local inhabitants.

The research shows that the benefits cover many beneficiaries and different economic and non-economic sectors.

Benefits deriving from “Regulating Services" are linked with Earth phenomena and are visible on a local and
global scale both through climate cycles and weather forecasting. Terrestrial processes and water management
also constitute Regulating Services; therefore, appropriate tools for service assessment represent concrete
solutions for climate change mitigation, geohazard risk reduction, coast and land erosion, and extraordinary
floods.

“Supporting Services” such as soil processes play an important role within national, regional and local
communities: agriculture, forestry, fuel, and genetic resources are crucial for human development. Agriculture
plays a key role in providing a wide range of ecosystem services, such as food, feed, fibre, and biofuel, thus
contributing to the economic development of countries. Forestry, along with farming, remains crucial for land use
and the management of natural resources in rural areas and as a basis for economic diversification in rural
communities, especially for mitigation to climate change. The assessments of threats to soil functions leads to a
need to formally identify the functions that the soil performs.

“Habitat provision” and the use of “Land as a platform for human activities” are two of the so-called “Supporting
Services” (abiotic and biotic) which concur in the creation of “habitats”. These are crucial for societal development
at all scales: geodiversity influences the heterogeneity of habitats and biodiversity; as a consequence, therefore
biodiversity is affecting the loss of geodiversity.

Habitat loss, stemming from destruction, fragmentation, or degradation, threatens these sanctuaries of diversity
and is often the result of human activities. These elements cause changes to the delicate biological and physical
properties of habitats, decrease genetic diversity, and increase water pollution introducing pathogens and invasive
species, as COVID-19 is showing. All the advantages to guaranteeing the abiotic and biotic factors linked with
habitat provision are evident from the negative effects caused by the loss of biodiversity and geodiversity.

Concerning the “Provisioning Services”, food is one of the most important services that nature provides humans
with: the main elements influencing drink and food production at a local, regional, and national level are soil,
climate and habitat. Institutions and communities must develop specific legislation and actions regarding soil
protection, by following the example from the European Soil thematic  Strategy
(https://ec.europa.eu/environment/soil/three_en.htm).

The recent Farm to Fork European Strategy (https://ec.europa.eu/food/farm2fork_en) is also going in this
direction, focusing on use of chemical pesticides, avoiding excess nutrients, restoring soil health, and improving
soil management. The EU Commission proposed a Directive concerning soil protection and regeneration
(Thematic Strategy for Soil Protection — Summary of the impact assessment.

In Norway, soil use is regulated by the Land Act (https://www.regjeringen.no/en/dokumenter/The-Land-
Act/id269774/ ) whose purpose is to provide suitable conditions to ensure that the land areas in the country
including forests and mountains and everything pertaining thereto (land resources) may be used in the manner
that is most beneficial to society and to those working in the agricultural sector.

Soil protection relates to the preservation of habitats, since geodiversity, geological heritage and the use of the
soil are also connected with food and drink provision. Climate has a key role in provisioning food and drink for
the human population and climate change is the main challenge that humanity is facing.
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Mineral fuels are the most important source of fuels for all the communities at all levels. Coal, peat, petroleum,
and renewable energy are constantly monitored by international, national and regional Institutions and
Organizations. Data from the European Mineral Map reveals low presence of minerals in the Sesia Val Grande
geosite, while industrial minerals are present in Eigergy and Jgssingfjord. (http://www.europe-
geology.eu/mineral-resources/mineral-resources-map/) . Construction minerals, building stones, aggregates,
limestone, structural clay, gypsum, sand, volcanic products, bitumen and industrial minerals are constantly
monitored by international, national and regional Institutions. Minerals and their extraction are sources of income
and could be beneficial in terms of jobs for the local population. Mineral provision is crucial for modern society;
however, the extraction and delivery processes should lead to sustainable practices.

The European Commission, through the H2020 Programme, financed several projects focusing on the sustainable
use of natural resources, i.e., the Arctic Hub project led by the Natural Resource Institute of Finland, which
involves as partners both the Sesia and Magma Geoparks. The project pertaining to the mining industry aims at
analysing not only the “economic or developmental viability of mining but view associated socio-cultural and
political factors”(https://projects.luke.fi/arctichubs/)

Benefits linked with “Cultural and Knowledge Services” cover the local, regional, and national level. The
aesthetic values of the landscape derive directly from the biotic and abiotic services; however, they do not directly
benefit society but indirectly through tourism and leisure possibilities, which are crucial in UNESCO Global
Geoparks. Recreation and nature-based tourism are important sources of income and employment in many places
around the world. The total value of international tourism exceeds 4.7 trillion U.S. dollars in 2020
https://www.statista.com/markets/). Nature-based tourism (sometimes called environmental tourism or
ecotourism, although strictly speaking, the latter is a subset of nature-based tourism and includes certain ethical
considerations) may comprise 40-60% of this total. The recreational benefit from nature also contributes to health
and well-being, as there is a correlation between green areas, good air quality, and human health, linking
Ecosystem Services and Human Well-Being. Furthermore, the development of activities related with the geosite
and geological heritage could strengthen the “sense of belonging” of its citizens, which is crucial for successful
development strategies and geoparks.

The benefits are linked with the possibility of monitoring geohazards phenomena and human activities. Therefore,
at all levels, proper monitoring includes protecting the local population and appropriate urban planning. Scientific
research and educational activities are linked with strengthening people’s awareness: educated citizens
disseminate good practices and support actions related with geo-conservation strategies.
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Information inventory

Shape typology Scientific interest ~ Era

Point

Line

Area
Landscape

period
Sedimentological ~ Precambrian Quarternary Limited  Limited
Paleoenvironmental Paleozoic  Tertiary Good Good
Tectonical Mesozoic ~ Cretaceous Verygood  Very Good
Magmatic Cenozoic  Jurassic Notvalued Not valued
Metamorphical Triassic
Geobiosphere Permian

) Carbon
Submarine Carboniferous/Missiddippian
Geohazard Devonian
History of science Silurian
Petrographical Ordovician
Mineralogical Cambrian

Precambrian

Not visible
Obstructed
Good
Excellent

Value- ratio Conservatior Visual Value Other values Natural treats
Erosion and weathering Infrastructures

Historical
Nature and bio Overvegetation
Urban area aniWater and flood
Intangible herit Other
Other values None

Human treats

Urban infrastructure
Quarring

Deposit

Scientific sampling
None
Infrastructure-pipelines
Urban area

Level of treat
Low

Middle

High

Not valued

Need for landscape management
No need

Middle need

Big need

Noone

Site manager measures
Vegetation

Sheilding

Cleaning

Protection measures
Site manager measures
None

status Need for
Local protection  yes
Noone no

More info required

Land use
Easy Pasture
with some challenges
difficult
not valued






Missing NGU

Scientific interest
Pedological (soil science)
Climate change

Geological environment
Glacial

Fluvial

Coastal

Marine

Chemical dissolution
Subsurface magmatic
Slope movement

Other

Other values

Natural treats

Sport and ricreational Landslide

Speleological

Icefall

Human treats
Pollution

Protection status Land use

National
International

Wood
Cultivated
Terraced
Savage
Urbanized
Rocks
Debris
Corine
Reference
Landcover

Exposure
Natural
Artificial
Collection

Categor