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aBstRact: Since geodiversity encompasses a broad spectrum of the earth’s natural features and provides essential 
ecosystem services, it plays a critical role in environmental conservation, cultural heritage enhancement, and sus-
tainable development of the territory. This paper presents possible geodiversity actions (use of digital knowledge, 
geosite inventory, sustainable geotourism, and legislative recognition) through global, regional, and local examples: a 
series of research and public engagement initiatives, including the themes of the International Geodiversity Day (IGD), 
a   UNESCO celebration aimed at fostering public awareness of the contribution of abiotic nature to daily life and envi-
ronmental stability. The paper uses a case study approach to present a virtuous circle of geodiversity model that shows 
how geodiversity can be used to improve environmental stewardship, sustainable resource use, and cultural identity. 
The interdependences of geological conservation, ecosystem services, and public education in meeting the sustainable 
development goals (SDGs) of the United Nations are stressed by this model. They underscore the importance of getting 
public and policy support from which geodiversity benefits can be sustained and suggest strategies for integrating 
geological diversity into conservation practice. Geodiversity is found to be a critical natural resource and a driver of 
sustainable development, thus serving communities, economies, and ecosystems.
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Corresponding author: Rasool Bux Khoso, rasoolbux.khoso@unito.it

Introduction

Geodiversity refers to the range of natural 
elements produced by Earth’s geological pro-
cesses, while biodiversity is the variety of life 

within an environment. After it was first recog-
nised in the 1980s by the Tasmanian Forestry 
Commission (Houshold, Sharples 2008), geodi-
versity has evolved with definitions incorporat-
ing hydrology, landscapes, and scales. By 1992, 
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both biotic and abiotic components of the eco-
systems (dynamic complex of plant, animal, and 
micro-organism communities and their non-liv-
ing environment interacting as a functional unit); 
United Nations (UN 1992) had been discussed in 
preparation for the Convention on Biodiversity 
at the Rio Earth Summit, but geodiversity gained 
prominence only later and was defined as a varie-
ty of geological, geomorphological, and soil character-
istics (Sharples 1993, 1995). The Nordic geodiver-
sity working group further emphasised its role in 
ecosystem support, advocating for its recognition 
by natural managers (Erikstad 2008). Over time, 
geodiversity has come to include the importance 
of landscapes and services provided to com-
munities (Alexandrowicz, Alexandrowicz 1999, 

Sharples 2002, Kozłowski 2004, Zwoliński et al. 
2018). According to the holistic view by Gray 
(2013), geodiversity encompasses the natural 
range (diversity) of rocks, minerals, fossils, soils, 
landforms, and hydrological features, alongside 
the processes shaping them. It also includes their 
assemblages, structures, systems, and contri-
butions to landscapes. After this definition was 
internationally accepted at the beginning of the 
21st century, the geodiversity concept grew in 
importance beyond the scientific world because 
of its strong relationship with cultural, environ-
mental, and socio-economic issues. While Gray’s 
(2013) definition of geodiversity has gained wide-
spread recognition and is often cited as a compre-
hensive framework, earlier contributions, such as 

Fig. 1. Examples of nature–human interactions within different geodiversity contexts of Italy. From top to 
down: the upper photos show different efforts for performing the viticultural activity in such geodiverse 

contexts: A – The Nebbiolo vineyards in the sedimentary context of Langhe Hills of central Piemonte; B – the 
Morgex vineyards at the foot of Mont Blanc in the framework of a metamorphic unit of the Western Alps; 
central photos show the similar metamorphic context of the SVUGGp in the Western Alps, with different 

landscapes due to the presence or absence of human activities: C – Extraction site at Montorfano quarry and 
D – wilderness area in Val Grande; the lower photos show the same environmental context of the Adriatic 
coastal area of northeastern Italy but with different human footprints: E – Venice lagoon vs F – Venice city. 

SVUGGp – Sesia Val Grande UNESCO Global Geopark.
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Zwoliński (2004), which built on the framework 
established by the Australian Natural Heritage 
Charter of 2002, offer valuable perspectives on 
geodiversity’s scope and relevance. It is essential 
to note that there are ongoing debates within the 
academic community regarding the precise defi-
nition, scope, and measurement of geodiversity. 
Some scholars argue which elements should be 
included under geodiversity, while others focus 
on the methodologies used to assess and quanti-
fy it (Németh et al. 2021, Stojilković, Gray 2024). 
These differing perspectives underscore the com-
plexity of geodiversity as a concept and highlight 
the need for further research to reach a broader 
consensus.

Geodiversity is much more than a simple, stat-
ic inventory of Earth’s geological characteristics: 
it is a dynamic continuum that reflects millen-
nia of geological processes and the history they 
tell humanity (Gray 2008). Moreover, in the last 
decade, Earth scientists demonstrated not only 
geological materials, landforms, and natural pro-
cesses contribute to geodiversity but also human 
activities and culture (Ocelli Pinheiro et al. 2023). 
As shown in Figure 1, human–nature interactions 
within a particular geodiversity context create 
distinctive cultural landscapes.

Local human–nature interactions have been 
considered in the dynamic, comprehensive, and 
holistic view of geodiversity proposed within the 
 UNESCO Global Geoparks territories ( UNESCO 
2015). The same view is yearly promoted glob-
ally thanks to the initiatives of the International 
Geodiversity Day (IGD), proclaimed by  UNESCO 
at the 41st General Conference in 2021. Since 2022, 
on October 6th, an array of events has been local-
ly organised worldwide to show the whole ge-
odiversity values and the dynamic implications 
for the territory properly. Refer to Zwoliński et 
al. (2023) for a comprehensive discussion on the 
proclamation of IGD.

By communicating the most updated geosci-
ence knowledge and human–nature interactions 
within a variety of geological environments, some 
initiatives of IGD provide adequate information 
on those processes making dynamic geological 
features, thus eventually causing geohazards and 
risks related to volcanic eruptions, landslides, gla-
cial instabilities, etc. Some other IGD initiatives 
illustrate how geodiversity provides a variety 
of information on ecosystem services, including 

regulating, supporting, and provisioning servic-
es, and also cultural and knowledge ones, such 
as those offered by geoheritage. From this per-
spective, geological and geomorphological fea-
tures with scientific values (Brilha 2016) can be 
attractive for tourist purposes, such as a glacier 
for its role in modelling the mountain landscape 
according to climate changes or a volcano for its 
eruptions, lavas, and related landforms.

On the eve of the Third International 
Geodiversity Day (2024), the Earth Sciences 
Department of the University of Torino, Italy 
(UniTO-DST), the Sesia Val Grande  UNESCO 
Global Geopark (SVUGGp), and the Italian 
Glaciological Committee (CGI) jointly present-
ed the results of the ‘The Earth in your hands’ 
initiative (‘la Terra nelle tue Mani’, in Italian 
language): a multiscale (global to local) effort 
for increasing public engagement on geodiver-
sity, based on the presentation of good practic-
es aimed at enhanced societal awareness of both 
georesources and geohazards related to dynamic 
geodiversity and of human activities impacting 
Earth system processes. The basic concept of this 
initiative is related to the fact that today, due to 
natural and anthropogenic factors, young and 
older generations have the Earth in their hands 
because of the substantial interactions between 
natural and human activities. Moreover, the 
widespread availability of geoscience digital data 
through personal electronic devices makes a larg-
er audience capable of being informed on geodi-
versity contents, which is crucial for addressing 
informed decisions on sustainable development.

As shown in Figure 2, a coordinated series of 
public engagement activities has been included 
within ‘The Earth in their hands’ initiative. These 
allowed the presentation of targeted contents on 
the application of the geodiversity concept with-
in selected UniTO-DST research and educational 
projects: H2020 ArcticHubs (Global drivers, local 
consequences: Tools for climate change adapta-
tion and sustainable development for Arctic in-
dustrial and cultural hubs; CORDIS), ERASMUS+ 
project GEOclimHOME-PRO (Geoheritage and 
Climate Change for Highlighting the Professional 
Perspective), GeoDIVE (Full immersion on geodi-
versity, From rocks to stones, from landforms to 
landscapes; GeoDIVE), and PROGEO-Piemonte 
(PROactive management of GEOlogical heritage 
in the PIEMONTE region; ProGeo Piemonte).
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Other than the single project’s results, ‘The 
Earth in your hands’ initiative showed that a 
comprehensive research methodology is already 
available for enhanced use of the dynamic geo-
diversity concept within fragile environments 

such as the Alpine Region, deeply affected by cli-
mate change (Fig. 3): to map geodiversity for ev-
idencing environmental change (at various time 
scales), to assess the drivers causing pressures 
and impacts on the state of the environment, and 

Fig. 2. Selected activities being presented by the Earth Science Department of the University of Turin at the 
Third International Geodiversity Day: A – audiovisual recording, media interviews, and press releases; 

B – presentations to the general public and technical meetings with local stakeholders; C – field trips within 
geosites and geoparks; D – educational activities with schools (GeoDidaLab Ivrea, Italy), E – webpages 
activated for spreading digital geoscience knowledge on geodiversity (ProGeo Piemonte Turin, Italy).
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to recognise human activities impacting Earth 
system processes.

Thanks to the participation in the IGD initia-
tive, ‘The Earth on your hand’ suggested some 
possible steps towards the reinforcement of ge-
osciences’ fundamental role in promoting geodi-
versity within sustainable development policies. 
First, we must answer the research question: 
How can we raise public awareness of the vari-
ety of values and services geodiversity offers? 
To answer this research question, we first dis-
cuss targeted initiatives to analyse geodiversi-
ty components using precise geoscience digital 
data description and management. Second, we 
applied mapping and assessment of geodiversi-
ty within a geosystem service approach. Finally, 
we explored research methodologies and public 
engagement practices on geodiversity as possible 
contributions to enhancing natural and cultural 
heritage. The overall goal is to activate a virtuous 
circle of geodiversity, capable of boosting geosci-
ence knowledge for achieving the legislative and 
regulatory recognition of geodiversity.

This article addresses critical aspects of ge-
odiversity, including its role in sustainable de-
velopment, public engagement strategies, and 
policy recommendations, through the lens of 
the virtuous circle of geodiversity. These themes 

are explored via case studies, conceptual frame-
works, and practical applications.

Geodiversity data description: 
An ontology driven perspective

According to the approach by Gray (2013), 
the whole geodiversity can be divided into parts 
based on the related available geoscience knowl-
edge. In addition to the identified geodiversity, 
which has been measured, coded, mapped, or 
inferred on Earth, there are two other catego-
ries: the conditional geodiversity, which is still 
being described, and undiscovered geodiversity, 
characterized by its hypothetical and specula-
tive nature. The latter requires further explora-
tion to gain knowledge and predict its potential 
locations. To identify geodiversity and facilitate 
data collection and spreading of knowledge, the 
UniTO-DST team performed a literature review 
on digital tools for enhanced geoscience knowl-
edge and analysed regional data infrastructure 
on geodiversity in the Piemonte region.

The exploitation of digital tools is more and 
more rooted in the context of data management. 
The field of geodiversity is no exception to this 
trend, with more and more information managed 

Fig. 3. Application of the dynamic geodiversity concept within the Alpine region for understanding 
environmental changes, human impacts, and the need for regulations.
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in a digital format. This is a direct impact of using 
Geographic Information Systems (GIS) software 
to study, represent, and assess geodiversity. The 
digital management of the data should enhance 
its interoperability and information retrieval 
within and across informative systems. However, 
digital management is insufficient to ensure full 
communication among the data.

Recent approaches underline that the interop-
erability of the data is dependent on the harmo-
nisation of the knowledge representation; in par-
ticular, the application of ontological and semantic 
studies could support a coherent representation 
of the data (Mantovani 2024). Previous studies 
reported that such a study model could also posi-
tively affect data representation within the geodi-
versity field (Zwoliński et al. 2018).

In geosciences, ontological and semantic 
approaches have been applied to provide a co-
herent representation of the knowledge do-
main. Some examples are the OntoGeonous 
Ontology (Lombardo et al. 2016, 2018), GeoCore 
Ontology (Garcia et al. 2020), and GeoScience 
Ontology (Brodaric, Richard 2021). Among these, 
OntoGeonous Ontology, based on the interna-
tional standards of INSPIRE (INSPIRE TWG-GE 
2023), GeoscienceMl (GSMl), and CGI vocabu-
laries (CGI Data Model Working Group 2012), is 
modelled to satisfy the geological mapping data 
representation task. OntoGeonous is organised 
into four main classes: Geologic Unit, Geologic 
Structure, Geomorphologic Feature, and Geo-
logic Event, all subclasses of the main class, 
named Geologic Feature. The Geologic Unit class 
represents the material part of the Earth; it repre-
sents the rocks that compose the Earth’s crust, as 
represented in the geological maps. The Geologic 
structure class is the expression of the geometri-
cal setting within the rocks, namely how the ma-
terial is organised: for example, the foliation, the 
folds, and the faults. The Geomorphologic feature 
class is dedicated to classifying the landforms, 
i.e., the morphologies that model the Earth’s sur-
face. Finally, the Geologic Event class describes 
all the events that occurred in geological time 
and acted to create, destroy, or modify all the ge-
ological features. These concepts are inspired by 
the GSMl standard (OGC 2017).

This ontologically designed structure has 
been applied to a cartographic project, name-
ly the Geological Map of the Piemonte Region 

(GeoPiemonte Map 2021). Moreover, its knowl-
edge model has been exploited to design an on-
tology-driven geodatabase to collect the data 
contained in the geological maps (Mantovani et 
al. 2020a, b).

As stated in the introductory part of this pa-
per, the definition of geodiversity directly indi-
cates the elements that contribute to geodiversity 
and that, consequently, are considered while as-
sessing geodiversity. Recent works have attempt-
ed to model knowledge about geodiversity. For 
example, Hjort et al. (2024) proposed a taxonomy 
for the geodiversity elements, with four different 
hierarchies for the four main types of geodiver-
sity elements (geology, geomorphology, hydro-
logical features, and soil). In Mantovani (2024), 
differently, it was proposed an ontological ap-
proach for the description of the geodiversity 
by associating a class of OntoGeonous (or some 
classes from encoded international standards) to 
each geodiversity component:
 – Geological (rocks, minerals, and fossils): Min-

erals and fossils are associated with the GSMl 
standard, while the rocks (if considered as in 
situ formation and not ex situ samples) can 
be described with the lithostratigraphic Unit 
class, a subclass of Geologic Unit identified 
by the lithology and the role in a stratigraphic 
section. Ex situ rocks, namely samples, can be 
identified through the Lithology vocabulary.

 – Geomorphological (landforms, topography, 
and processes): The landforms can be de-
scribed through the natural geomorphological 
feature, a subclass of geomorphologic features 
constrained by the relation with a natural pro-
cess. In this part of the definition, also the 
processes are indicated: they can be described 
through the Geologic Event, features that are 
characterised by a precise age, environment, 
and process.

 – Soils: Another subclass of the Geologic Unit is 
the Pedostratigraphic Unit, whose precise in-
tent is the identification of pedologic horizons.

 – The hydrological features are not encoded in 
OntoGeonous. However, they are treated in 
the Semantic Web for Earth and Environment 
Technology (SWEET) ontology; thus, they can 
be described following such organisation.
The final result can be represented in Figure 4; 

the geodiversity element class is the top class of 
a hierarchy that includes classes from different 
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ontologies. The impact of this representation is 
related to the harmonisation of knowledge. This 
knowledge is mutually integrated; hence, there 
cannot be incoherence in the knowledge rep-
resentation. Since each class is identified by an 
axiom containing the necessary and sufficient 
conditions for an item to be included in a given 
class, each general element of geodiversity must 
possess some precise characteristics to be classi-
fied in a given way. For example, to describe a 
lithostratigraphic unit, it is mandatory to indi-
cate the lithology (CGI 2020a) and its role within 
a stratigraphic section (CGI 2020b). The descrip-
tion of the geodiversity element based on such an 
organisation, which is inspired by the necessity 
of the geological mapping task, might be suitable 
to support the geodiversity assessment methods 
based on the mapping of geodiversity (e.g., the 
method applied by Najwer et al. 2016).

Mapping and assessment within a 
geosystem services approach

After being codified from an ontology-driven 
perspective, the knowledge of regional geodi-
versity should be updated and applied locally 
through further bibliographical research, field 
surveys, and laboratory activities. Mapping and 
assessment of geodiversity have been performed 
by the research team in Alagna Valsesia with the 
aim of inventorying geosites and enhancing geo-
heritage. These activities have been organised 

within the framework of the geosystem services 
approach to prepare for the favourable sustaina-
ble use of georesources.

Importance of geosystem services for 
geodiversity

Geosystem services are non-biological, Earth-
based processes and elements, including soils, 
rocks, water, and topography, that underlie 
ecosystem functions, human well-being, and 
sustainable development (Gray 2004, 2013). The 
idea is similar to the concept of ecosystem ser-
vices in that geodiversity is thought to support 
natural habitats, biodiversity, and human pres-
ence, extending the conservation programme to 
geological heritage beyond the biotic. Geosystem 
services support multiple dimensions of ecosys-
tem services by regulating essential functions, 
provisioning materials, and providing cultur-
al and scientific knowledge essential to society, 
and environmental management (Brauman et al. 
2007, Frisk et al. 2022).

Acknowledging geosystem services ac-
knowledges the centrality of maintaining ge-
odiversity in the context of sustainable devel-
opment. Similarly, the Millennium Ecosystem 
Assessment (2005) links ecological processes to 
human welfare. Nevertheless, such preservation 
of geosystem services is essential in the context of 
the Anthropocene, during which anthropogen-
ic activities such as urbanisation, the activities 
linked to mining, and the activities associated 

Fig. 4. A hierarchical representation of geodiversity elements: blue indicates classes from OGN, yellow from 
GSML, and red from SWEET. GSML – GeoScienceML; OGN – OntoGeonous.
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with resource extractions have substantial effects 
on geosystem balance (Steffen et al. 2015, Silva 
et al. 2019). As illustrated in Figure 5, geosystem 
services serve geotourism, scientific research, 
and local economies to support biodiversity and 
ecosystem stability (Reynard et al. 2016, Tognetto 
et al. 2021). Starting from the geosystem services 
concept, various attempts at classification have 
been developed to define what is needed to be 
measured and communicated (Haines-Young, 
Potschin 2018). In recent years, two classifica-
tions have been the most accepted ones: (i) the 
classification provided by Gray (2011, 2013), 
maintaining the four categories proposed by 
the Millennium Ecosystem Assessment (regu-
lation, support, provision, and cultural) with 
the addition of a fifth category (knowledge), to 
reach a total of 25 types of geosystem services 
and (ii) the Common International Classification 
of Ecosystem Services (CICES v5.1 led by Fabis 
Consulting ltd.). In this version, it expands the 
abiotic section of ecosystem services and includes 
only three categories (provisioning, regulation 
and maintenance, and cultural) with 31 classes 
(Haines-Young, Potschin 2018).

Methods for mapping geosystem services

Geospatial mapping techniques are applied to 
geosystem services to assess and visualise geo-
system services within frameworks of organised, 
effective, and represented geosystem functions 
and values. Within this mapping, geosystem ser-
vices involve the classification of natural assets 
and their interactions with spatial analysis and 
GIS to quantify and spatially represent the contri-
butions of geological resources to the geosystem 

(Gray 2004, Frisk et al. 2022). Figure 6 illustrates 
the method developed by Gray et al. (2013) and 
employed by Tognetto et al. (2021) for categoris-
ing geosystem services into groups, such as pro-
visioning, regulating, supporting, cultural, and 
knowledge services.

The mapping process involves digitising data-
sets and overlaying geospatial layers to illustrate 
geosystem service distributions. For a detailed 
discussion of the geosystem service assessment 
methodology and results, refer to Khoso (2024). 
This taxonomy helps to systematically map these 
services to learn how their spatial distribution is 
coupled to social and geoecological roles in par-
ticular environments. As shown in Figure 7, the 
mapping process involves multiple stages:
1.	 Data	 collection	 and	 classification: The first 

stage involves collecting data from geological, 
geomorphological, pedological, topographi-
cal, climate records, and hydrological maps. 
Tools like GIS, which allow data to be brought 
together as geospatial layers, can integrate 

Fig. 5. The role of geosystem services.

Fig. 6. Overview of the geosystem services.

Fig. 7. Geosystem services mapping process.
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these diverse data sources. An example would 
be translating geological maps, hydrograph-
ic networks, or sites into separate GIS layers 
(Khoso 2024).

2. Digitisation and spatial analysis: Geosystem 
services are produced from datasets digitised 
using GIS software and analysed to form spa-
tial layers. Typically, these layers functional-
ise layers by using spatial units to indicate the 
presence and scope of each service, such as 
polygons for land cover and points for specific 
sites.

3. Overlay analysis: Various geosystem servic-
es are overlaid in GIS with multiple layers to 
incorporate a composite map showing their 
distribution. Through this mapping process, 
stakeholders and users can see where there 
are service concentrations, such as areas with 
high cultural significance or essential regula-

tory functions, which often cross over with 
conservation or tourism interests.

4. Geosystem services maps: The output in-
cludes the final map, which illustrates the 
spatial context of different service categories, 
such as regulatory and cultural. The map feeds 
back to stakeholders in the form of visual data 
to support policy and management decisions.

Example from Alagna Valsesia

An example is the Alagna Valsesia region, as 
shown in Figure 8, which demonstrates how geo-
system services mapping can be applied through 
a structured approach combining several types 
of geosystem services (Khoso 2024).

Figure 9 shows a detailed GIS-based analy-
sis that reveals several geosystem services that 
support the area’s high geodiversity, a complex 

Fig. 8. Geosystem services map of Alagna Valsesia.
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amalgamation of geological formations and geo-
morphological features:
1. Regulating services: Geosystem services pro-

vided in Alagna Valsesia include water regu-
lation, soil retention, and flood mitigation, but 
they represent a relatively small amount of the 
geosystem services. These services are critical 
to ecosystem balance, such as in valleys and 
water catchment areas naturally shaped by 
historical glacial and fluvial processes.

2. Supporting services: Around 25% of the ar-
ea’s geosystem services are supporting ser-
vices. Without them, neither human activities 
nor ecosystem functions would be supported; 
they provide the foundation for both. This 
guarantee of local agriculture and local biodi-
versity is essential for the ecological integrity 
of the region because of the land’s geological 
stability, which guarantees that the lands have 
minimal soil erosion.

3. Provisioning services: Although provision-
ing services are sparse, they provide tangible 
services such as freshwater and hydropower 
potential, which are crucial for local commu-
nities and industries.

4. Cultural services: They help the area serve as 
a recreational and spiritual value. Moreover, 
Alagna Valsesia’s geomorphological features, 
rich in very diversified geosites, improve geo-
tourism and educational components, consti-
tuting a typical cultural and economic pillar of 
local communities.

5. Knowledge services: Knowledge services 
comprise the most significant part of geosys-
tem services in Alagna Valsesia and include 
scientific and educational benefits. However, 
geodiversity encompasses fields from climate 

change to geomorphology and provides rich 
research opportunities whose educative and 
scientific values cannot be denied by locals 
and visitors.
The mapping here categorises geosystem ser-

vices in Alagna Valsesia to highlight their rele-
vance across domains such as supporting ecosys-
tem health, tourism, and education (Khoso 2024). 
Such services included in a spatial framework 
demonstrate the tangible benefits of geodiversi-
ty preservation and a need for targeted environ-
mental and socio-economic resilience conserva-
tion policies.

Target solutions for promoting cultural 
geoheritage

Using geodiversity in the valorisation of geo-
heritage requires the consideration of the multi-
ple dimensions (space and time) of geodiversi-
ty components; this allows us to evaluate their 
contribution to landscapes and assess their pos-
sible role in cultural heritage and geotourism. 
Therefore, to establish a proper application of 
geodiversity in enhancing sustainability within 
certain territories, it is necessary to introduce the 
concept of cultural heritage.

The cultural geoheritage concept

The concept of geoheritage cannot be divided 
from the notion of cultural heritage. The former 
presents a cultural component, with geological 
elements becoming geosites as a result of the 
socio-cultural interaction of scientists, admin-
istrations, tourism sectors, etc., for preserving 
and promoting such elements (Portal 2010, 2012, 
Reynard et al. 2011). Also, geomorphology has 
a vital cultural component, defined as cultural 
geomorphology by Panizza and Piacente (2003). 
Simultaneously, the cultural identity of a com-
munity can be influenced by the local geology, 
with natural stones strongly associated with cul-
tural heritage (Tomás et al. 2021). Furthermore, 
landforms have served as migratory markers, 
rocks can be used as canvases for paintings, and 
minerals have affected the creation of historic 
mining towns (Andersen et al. 2015).

However, in the global framework, geoherit-
age is much less considered than cultural heritage, 

Fig. 9. Distribution of geosystem services in 
Alagna Valsesia.
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and the two concepts often do not intertwine. 
For instance, the  UNESCO World Heritage list 
includes mostly ecological and cultural heritage 
sites. Still, it is essential to include geosites and 
geological heritage in conservation policies, in-
cluding further attention from the administration 
at the international level (Boukhchim et al. 2018). 
However, cultural sites within  UNESCO Global 
Geoparks (UGGps) are often not considered 
when managing UGGps themselves (Guerini et 
al. 2023), albeit the richness of these territories 
correlates with geological and cultural heritage.

If various elements of the local environment, 
such as natural elements, local economy, and ed-
ucation, are well balanced, cultural geoheritage 
can lead to the sustainable development of terri-
tories (Crofts et al. 2021) by promoting geotour-
ism. To test the possibility of using local geodi-
versity elements to enhance the territorial values 
of geoheritage, the research group selected some 
specific areas where geoheritage is a relevant 
component of the cultural landscape. Here geo-
diversity has been mapped and assessed within 
its static and dynamic components to evaluate 
cultural georesources and possible threats to the 
geoheritage due to active natural processes and 

human activities. The overall goal is to propose 
sustainable geotourism activities offering proac-
tive management of geoheritage.

The Chiusella Valley: A key study

In a context where outdoor activities are gain-
ing increasing importance, small valleys within 
the Alps are the perfect places for developing 
cultural geoheritage events. Among all of these, 
there is the case of the Chiusella Valley, located 
in the North-West Italian Alps. The territory is 
a key area for the history of the alpine orogeny 
(Compagnoni et al. 1980). Human history is strict-
ly connected to the geology setting of the area, 
especially the Traversella Pluton, with the re-
nowned Traversella and Brosso Mining site, one 
of the most significant extraction points of iron 
minerals (magnetite and pyrite) in the Western 
Alps in the past centuries, leading to the devel-
opment of a local community (Cima et al. 1984, 
Berattino 1988, Gallo 2007, Chiappino 2010).

Nowadays, the important geoheritage of the 
Chiusella Valley offers an excellent alternative 
to traditional mountain activities; it is possible to 
appreciate the astonishing environmental context 

Fig. 10. Cultural geoheritage and educational activities in the Chiusella Valley: A – Some of the mineral 
collection of the Traversella mining site (source: Mauro Palomba); B – Torre Cives tower, on the top of Monti 
Pelati ridge (source: authors contribution; C – Canoe educational activity on the Morainic Area geosite – Lake 

Alice Superiore.
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while experiencing a trip through the local geol-
ogy and perceiving evidence of past and present 
climate change (Negri et al. 2024) through cultur-
al and educational experiences (Fig. 10).

The cultural geoheritage of the Chiusella 
Valley is best represented by the Traversella 
Mining Site geosite (Costa et al. 2019). Visitors 
can explore the remains of historic mining build-
ings and, through guided tours, navigate the 
tunnels to learn about the site’s mining history. 
Additionally, the Traversella Mining Museum 
showcases a collection of minerals and provides 
further insight into the area’s rich heritage, as il-
lustrated in Figure 10A. As shown in Figure 10B, 
other geosites have been identified within the 
Chiusella Valley: (i) Torre Cives and Monti 
Pelati, where the Torre Cives, an ancient tower 
erected in the xII century, is entirely built with 
local peridotite, a mantle rock that here outcrops 
originating the Monti Pelati relief (Rivalenti et al. 
1981, Sinigoi et al. 1991, Mazzucchelli et al. 2010). 
This geosite is also recognised by the Regione 
Piemonte Geosites Inventory, developed after 
the approval of the Regional law l.R. 23/23 
(PRl 2023a, b); and (ii) Morainic Area, which in-
cludes a portion of the right moraine of the Ivrea 
Morainic Amphitheatre (Gianotti et al. 2008, 
2015a, b); this site also contains two morainic 
lakes, one of which is a place of educational, en-
vironmental, and geological activities for schools 
as presented in Figure 10C.

The role of  UNESCO Global Geoparks 
for geodiversity

 UNESCO is actively promoting geodi-
versity through three main initiatives: Inter-
national Geoscience Programme (IGCP) and 
the International Geoscience and Geoparks 
Programme (IGGP), which includes UGGp ter-
ritories: UGGp are single, unified geographical 
areas where sites and landscapes of international 
geological significance are managed with a ho-
listic concept of protection, education, and sus-
tainable development ( UNESCO 2015). Geoparks 
actively promote sustainable local development, 
engaging local communities in activities linked 
to facing climate challenges; they became living 
laboratories for resilience to climate change and 
geo-hazards with a special focus on education 

toward potential natural disasters. With the es-
tablishment of the IGG Programme, education 
on geodiversity gained a recognised role through 
several initiatives, such as the establishment of 
IGD on 6 October 2021 by  UNESCO.

GEOfood initiative overview

The GEOfood initiative was established in 
2015 within the framework of UGGp locat-
ed in various regions, led by Magma Geopark 
(Norway), Rokua UGGp in Finland, Odsherred 
UGGp in Denmark, and Reykjanes UGGp in 
Iceland. This initiative aims to enhance the visi-
bility of these geoparks and foster greater public 
interest in geological heritage through local food 
offerings: by linking local cuisine with geologi-
cal characteristics, the initiative seeks to promote 
awareness about the significance of abiotic ser-
vices to local communities while supporting the 
achievement of Sustainable Development Goals 
(SDGs). The GEOfood initiative bases its quality 
criteria on community knowledge, where food 
and the connection with geological heritage play 
a crucial role (Thjømøe, Gentilini 2014). The in-
itiative, now including 28 territories worldwide 
(status as of 2024) and represented by more than 
120 companies, bridges gastronomy and geology, 
promoting sustainable practices while enriching 
cultural heritage through food. GEOfood has also 
been adopted as a best practice in several partner 
areas for the involvement of local communities 
(Norway, Finland, Croatia, Canada), attracting 
resources for local projects linked with its values 
and principles.

GEOfood and the United Nations’ 
Sustainable Development Goals

In 2021, the International Geoscience Pro-
gramme (IGCP) awarded the project as the 
best project proposal under the Sustainable 
Development topic. The cooperation with 
Naturtejo UGGP, Portugal, established the man-
ifesto of values, including sustainability criteria 
for GEOfood companies, using references from 
the Food and Agriculture Organization (FAO 
2018) and AGENDA 2030. The manifesto of val-
ues, now translated into 20 languages, includes 
information about the connection between the 
UGGp and the United Nations SDGs, with a 
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specific focus on those related to food, climate 
change, and education, particularly with SDG 
nos. 2, 3, 4, 5, 8, 11, 12, 13, 14, and 17 (Gentilini 
et al. 2021).

The GEOfood contribution to SDGs target 2.3 
is connected to the involvement of local small-
scale producers, women cooperatives, empower-
ing family farmers, and local enterprises towards 
innovative opportunities linked with non-farm 
activities such as food storytelling, tourism, and 
education. The empowerment of local farming 
relates to the supporting service land as plat-
form for human activity and provisioning service 
Food and drink, while innovative non-farm ac-
tivities contribute to education and employment 
(Cultural Service). The GEOfood initiative con-
tributes to target 2.4 by promoting traditional 
local agricultural practices aligned with natural 
cycles. These practices support various ecosys-
tem services, including regulating processes such 
as terrestrial processes, flood control, and water 
quality regulation. They also enhance supporting 
services like land as a platform for human activi-
ties, provisioning services such as food and drink, 
and cultural services, including environmental 
quality and social development. Additionally, 
GEOfood addresses target 2.5 by valorizing wild 
species and encouraging the use of diverse seed 
types and genetic resources linked to tradition-
al practices. This effort is connected to several 
ecosystem services, including habitat provision, 
food and drink, environmental quality, social de-
velopment, and education and employment.

Public recognition of the whole 
virtuous circle of geodiversity

The concept of geodiversity has garnered sig-
nificant attention among experts over the past 
decade, highlighting its ecological, cultural, and 
educational importance (Gordon, Barron 2013, 
Gray et al. 2013). Initiatives like IGD aim to in-
crease overall knowledge of the importance of 
geodiversity in our daily lives, from the minerals 
in each smartphone to the extent of soil for agri-
culture. IGD significantly enhances the acknowl-
edgement of the virtuous circle of geodiversity, 
highlighting four main circular steps with geo-
diversity as the primary driver (Giardino 2024). 
Being aware of the pivotal role of geodiversity 

in preserving biodiversity can help humankind 
face the biggest challenges for the future of our 
species. However, knowledge and recognition 
of geodiversity among the general public remain 
limited. People often perceive geodiversity as a 
distant and unfamiliar concept, a perception that 
hinders its wider societal recognition and appre-
ciation (Ólafsdóttir, Tverijonaite 2022, Matthews 
et al. 2024). Addressing this disconnect requires 
more inclusive approaches that resonate with the 
general public.

Community participation through co-
creation

Community engagement in geoscience 
through participatory research and co-creation of 
knowledge represents a promising path (Mauser 
et al. 2013, lam et al. 2020, Wibeck et al. 2022). 
This approach promotes active community par-
ticipation in research, helping them see geodi-
versity as a relevant and valuable part of their 
environment. In this way, we can gather local 
information, learn about their false beliefs/real 
knowledge, and understand missing informa-
tion. Co-creation processes not only enhance the 
foresight of academics and the general public but 
also help non-academics prepare for future sce-
narios and help academics identify emerging re-
search topics and challenges (Wibeck et al. 2022). 
Consequently, this approach in geoscience can 
enhance societal acceptance and appreciation of 
local geoheritage, thereby promoting sustainable 
management and conservation of local geodiver-
sity (Henriques 2023). The concept of geodiversi-
ty can be shared more effectively by initiating a 
collaborative process of co-creating geoscientific 
knowledge with the local community and those 
who interact with the geosite at various levels. 
This approach makes it easier to evaluate the con-
cept, provide targeted training, and carry out dis-
semination activities at the local and global levels.

One of the primary reasons for using co-cre-
ation methods is that as complexity and impor-
tance increase, it becomes crucial to involve an 
extended peer community from the outset of 
research projects to ensure practical and appli-
cable outcomes (Nowotny et al. 2001). In this 
way, the co-creation approach to geodiversity, 
a complex and crucial topic that underpins eco-
systems and influences biodiversity, can reduce 
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the difficulty of communicating to the general 
public. Moreover, this approach of starting with 
people helps to understand the background of 
the audience, which is important before commu-
nicating anything. This way, we can learn who 
the audience is and their interests and needs.

Disseminating the knowledge and importance 
of geodiversity to the general public through the 
co-creation approach highlights the relevance of 
geoscientific knowledge for sustainability and 
helps communicate the importance of protecting 
and managing the geological heritage. In order 
to achieve wider recognition of the geodiversi-
ty concept and its protection, management, and 
valorisation, it is important to involve diverse 
communities in the co-creation process. This will 
make it possible to bring geodiversity into play 
for public acknowledgement of the virtuous cir-
cle and help recognise geodiversity at the admin-
istrative/legislative level.

Vernacular knowledge for enhanced 
geodiversity recognition

During the co-creation processes, vernacular 
knowledge (VK) has emerged as a valuable path-
way for disseminating geoscientific concepts like 
geodiversity to a broader audience. In the existing 
literature, this type of knowledge is referred to by 
various names, including vernacular (Simpson et 
al. 2015), indigenous (Pásková 2018), or tradition-
al (Todd et al. 2023) knowledge. However, it is 
a culture-dependent, community-based under-
standing of the environment, shaped by long-
term observation and direct, lived experience 
in specific places, collectively forming a rational 
perception of reality (Ogawa 1995, Ellen, Harris 
2000).

VK has deeply embedded indigenous cultures 
for centuries, each exhibiting its unique manifes-
tations. Consequently, VK varies among distinct 
local communities, each with its traditions, cus-
toms, histories, and languages, and is influenced 
by the local and regional environment, which in 
turn is influenced by the communities. Despite 
this, all indigenous communities share a com-
mon worldview that all things in the natural en-
vironment have spiritual values, meaning, and 
deserve respect (Bauer 2007). As an example, 
within the Italian Western Alps, according to 
the Walser people (14th century colonists from 

Valais, Switzerland, who preserved ancient 
German language, culture, and architecture), 
natural elements of the landscape can hold a 
spiritual value; as testified by their oral tradi-
tions, Monte Rosa glaciers can host souls of dead 
men, or certain rocks were broken by the devil, or 
a northerly whispering wind represents the voice 
of dead persons. All these spiritual elements led 
the Walser people to perform respect to the envi-
ronment (e.g. through public events, such as pro-
cessions towards the Sesia Glaciers to give thanks 
for the compelling summer season spent in the 
mountain pastures and to remember, through 
prayer, the souls of deceased loved persons 
(Fig. 11) and to develop a sustainable approach to 
the local georesources (i.e. targeted use of litho-
logical diversity within the Walser Architecture).

Practically, VK is conveyed through vari-
ous forms such as language, artistic expression, 
dance, music, toponyms, remedies, architecture, 
environmental practices, stories, and more. This 
knowledge often spans multiple disciplines, in-
cluding earth sciences, social sciences, architec-
ture, and health, blending them into a unified, 
holistic framework typically passed down orally 
or through everyday activities (Hoagland 2017, 
Smythe, Peele 2021). This integrative nature un-
derscores the holistic values embedded in VK, 
which makes it valuable to the virtuous cycle of 
geodiversity. UGGps, in particular, aim to pro-
mote geoscience and geodiversity by emphasis-
ing a holistic approach to land protection, con-
servation, and sustainable development. In this 
sense, VK can be an important resource.

While Western science often emphasises pure 
scientific methods and may struggle to integrate 
VK into its frameworks, VK can offer effective 
solutions to complex scientific challenges precise-
ly because of its adaptability and deep local con-
nections (Bocco, Winklerprins 2016). To realise 
the total value of both knowledge systems, it is es-
sential to abandon hierarchical views prioritising 
Western science over VK and foster two-way com-
munication with local communities instead. This 
approach supports the goals of UGGp, as VK can 
enhance geoscientific communication that more 
directly addresses local challenges, strengthens 
a sense of community belonging, and promotes 
sustainable land development (Pásková 2018).

local communities have developed adaptation 
strategies based on their extensive knowledge of 
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the area, which has accumulated over centuries. 
Without presuming its inferiority, the utilisation 
and integration of this knowledge present two 
significant pathways for advancement:
1. The application of historical knowledge, 

which encompasses millennia of experience, 
enriches research by providing essential en-
vironmental and cultural context. This ap-
proach enhances geoscience communication 
and enables communities and visitors to ful-
ly appreciate the area’s geological, historical, 
and cultural dimensions, thereby rediscover-
ing the potential of indigenous storytelling in 
conservation practices (Fernández-llamaza-
res, Cabeza 2018).

2. The potential for valuable insights that can 
inform more effective land management solu-
tions tailored to address specific challenges 
(Bocco, Winklerprins 2016).

Activation of the virtuous circle of 
geodiversity

Using the Piemonte Region (northwest part 
of Italy) as a learning case study, the above-
mentioned concepts and methodologies for 

geodiversity actions have been applied within a 
series of research and public engagement initia-
tives, thus introducing an innovative – concep-
tual and operational – circular approach to geo-
diversity, here proposed as the virtuous circle of 
geodiversity (Fig. 12), including:
1. the use of digital knowledge for assessing ge-

odiversity, functional for
2. inventorying geosites and enhancing geoher-

itage, therefore allowing
3. growth of sustainable use of georesources and 

geosystem services
4. public recognition of the whole virtuous circle 

of geodiversity.
According to this methodological scheme, 

as illustrated in Figure 12, ontological studies 
and comparative analyses of scientific litera-
ture on the rich Piemonte geodiversity (1) lead 
to the identification of the most representative 
geothematic areas and related geosites (Ferrero 
et al. 2012, lombardo et al. 2016), (2) including 
landforms, geological units, and processes of dif-
ferent ages and environments (Giordano et al. 
2015, Rolfo et al. 2015). Creation of description 
and interpretation forms on scientific and addi-
tional values of geosites related to educational, 
cultural, aesthetic, and other interests allowed 

Fig. 11. Since the 17th century, with the Rosario Fiorito procession to the Sesia Glacier, Monte Rosa (source: 
Alagna Valsesia Tourism Office).
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comprehensive assessments of natural and cul-
tural heritage; these are supporting promotion 
and management initiatives in the regional terri-
tory (Giardino et al. 2014). (3) To ensure a balance 
between the protection of nature and the need for 
local economic development, we propose a sus-
tainable use of geosites of high scientific value 
for educational activities, geotourism itinerar-
ies, and cultural proposals, thus enhancing their 
local economic resources (Magagna et al. 2013, 
lozar et al. 2015). The virtuous circle of geodiver-
sity (4) can be strengthened by territorial policies 
that develop geoheritage assessment and, at the 
same time, promote sustainable use of the envi-
ronment, particularly through environmentally 
friendly geotourism.

The Regional law 23/2023 issued by the 
Piemonte Region government for the provisions 
for the conservation, management, and valorisa-
tion of the geological heritage recognises the pub-
lic interest of geodiversity and geological herit-
age; it identifies elements of particular scientific, 
cultural, and landscape value within geosites and 
geoparks; it promotes the conservation, improve-
ment of knowledge and management, and scien-
tific, educational, cultural, and tourist valorisa-
tion of geosites in compliance with the principles 
and state and community provisions on the mat-
ter. The full text of the Piemonte Regional law 
23/2023 is available as Supplementary Material, 
providing a model for other regions and ad-
ministrative units (Appendix no. 1: Piemonte 
Regional law 23/2023). Thanks to this law, the 

territories of the Sesia Val Grande  UNESCO 
Global Geopark (SVUGGp) (NW Alps, Italy) 
can also be better valued and protected. The 
Department of Earth Sciences of the University 
of Turin, together with various institutions of the 
Piemonte Regional government, including Arpa 
Piemonte (Environmental Protection Agency) 
and the Regional Museum of Natural Sciences, 
is grateful to the International Day initiative for 
having acted as a booster of the public recogni-
tion of the virtuous circle of geodiversity.

Besides the top-down approach of legislative 
directions, a useful tool for integrating the geo-
diversity and geoheritage concepts in the pop-
ulation is the Public Participatory GIS (PPGIS). 
PPGIS is a relatively new methodology with a 
bottom-up approach that engages the public 
and stakeholders in decision-making process-
es and territorial management plans, including 
local knowledge and contextualising various 
and complex spatial information (Sieber 2006, 
Dunn 2007). Specifically, PPGIS can be adapted 
to local territories, being context-specific. The 
most effective usage of PPGIS is the creation of 
online surveys, which are useful in collecting 
values, knowledge, and preferences of the gen-
eral public because respondents can answer the 
questionnaires wherever they are and at any 
time (Jankowski et al. 2016, Kantola et al. 2023). 
The idea of using a PPGIS allows a better com-
prehension of the territory itself, including local 
population knowledge and perception of the 
geodiversity of the territory, with two goals: (a) 

Fig. 12. The four steps of the virtuous circle of geodiversity.



 THE VIRTUOUS CIRClE OF GEODIVERSITY: APPlICATION OF GEOSCIENCE KNOWlEDGE FOR SUSTAINABIlITY... 111

using the information in the management plans 
and (b) understanding the lack in the knowledge 
of communities and trying to communicate with 
them about the potentiality of geodiversity and 
the geosites.

Alternatively, the mapping and assessment 
of geosystem services give essential insights for 
sustainable geodiversity management and reveal 
the necessity of spatially informed policies inte-
grating geo-ecological and socio-economic ben-
efits. The example of Alagna Valsesia illustrates 
how spatial analysis can help define the kinds 
and locations of geosystem services and, more 
generally, provide an understanding that guides 
policy and community mobilisation. By identify-
ing the multi-functional roles of geosystem ser-
vices, stakeholders can focus conservation efforts 
supporting these services that help maintain bi-
odiversity, local economies, and preserve geo-
logical and cultural heritage in geodiversity-rich 
regions.

Finally, through co-creation and the inclu-
sion of VK, geoscientists and local communities 
can work together to develop conservation and 
management strategies that are both scientifical-
ly sound and culturally resonant. This collabora-
tive approach respects, incorporates, and fosters 
a shared commitment to sustainable practices. 
Such a collaborative approach is a tool for rein-
forcing the virtuous circle of geodiversity. In fact, 
by valuing both scientific and traditional perspec-
tives, we can ensure that geodiversity remains a 
vibrant foundation for ecosystems, cultural iden-
tities, and future generations.

Conclusions

Geodiversity is important because of its mul-
tidimensional (geo-ecological, cultural, and edu-
cational) contribution. The research and public 
engagement actions presented for IGD within the 
‘Earth in your hands’ initiative provide evidence 
of essential functions for geodiversity to go be-
yond Earth’s inventory in physical characteristics 
and dynamic processes. The paper illustrates tar-
geted initiatives to raise the public’s awareness 
of the variety of values and services geodiversity 
gives to humanity. By stressing the importance 
of geodiversity protection, these initiatives point 
to geodiversity as necessary for maintaining 

ecosystem stability, supporting biodiversity, and 
promoting sustainable local development. At a 
global scale, the GEOfood initiative brings geo-
logical heritage into local economies through sus-
tainable food production. Within this framework, 
several UGGps link food practices to geological 
features, engaging local communities and vis-
itors alike to promote sustainable practices that 
support specific SDGs. At a local scale, the pre-
sented initiatives on cultural geoheritage and ge-
otourism show that geodiversity is indeed some-
thing that can play an active role in sustainable 
tourism, community identity, and environmental 
resilience. Moreover, Regional law 23/2023, the 
first legal document explicitly addressing geodi-
versity, sets a precedent for policy development. 
It includes provisions for the conservation, man-
agement, and valorisation of geological heritage.

As demonstrated by applying the virtuous 
circle of geodiversity approach, geological con-
servation, use of natural resources, and their 
preservation from cultural heritage are connect-
ed. Home for this approach is a model of pub-
lic engagement and education in geodiversity’s 
essential importance and a sense of stewardship 
in local to global communities. Geodiversity pro-
vides geosystem services, including regulating, 
provisioning, cultural, and knowledge services, 
which drive environmental stability and eco-
nomic resilience.

Conclusively, geodiversity underpins geolog-
ical, ecological, and human welfare and argues 
for the necessity and development of integrat-
ed and sustainable conservation and manage-
ment options. Initiatives like IGD, the Earth on 
your hand showcase how geodiversity can be a 
component of a development strategy that cre-
ates sustainability in ways that also protect cul-
ture. This foundation can serve as a catalyst for 
future initiatives to enhance public awareness 
and legislative backing for geodiversity, ensur-
ing its sustainable utilisation for future genera-
tions. Consecutively, examples provided in this 
study, such as the GEOfood initiative, geosys-
tem services mapping in Alagna Valsesia, use of 
co-creation, VK for public engagement initiative 
through IGD, and the conceptual framework of 
the virtuous circle of geodiversity, collectively 
illustrate the multidimensional role of geodiver-
sity in fostering sustainable development, public 
awareness, and environmental resilience.



112 RASOOl BUx KHOSO ET Al.

Acknowledgements

The authors wish to thank Vincenzo 
lombardo, Francesca lozar, Andrea Gerbaudo, 
Elena Storta, and Cristina Viani (University of 
Torino, Italy); Alice Freschi, lucia Pompilio, 
Luigi Spadone, and Michele Zanelli (Sesia Val 
Grande  UNESCO Global Geopark); Mauro 
Palomba, Giovanni Mortara, and Stefano Perona 
(Italian Glaciological Committee) for their fun-
damental support and shared information for 
successful research and public engagement activ-
ities. We would like to extend our sincere grati-
tude to the reviewers for their valuable time, in-
sightful comments, and constructive feedback on 
our manuscript.

Author’s contribution

Conceptualisation: R.B.K, A.N., M.GU., A.M., 
l.P., R.S., S.G., M.GI.; data curation: R.B.K, A.N., 
M.GU., A.M., l.P., R.S., M.GI.; formal analy-
sis: R.B.K, A.N., M.GU., A.M., l.P., R.S., S.G., 
M.GI.; investigation: R.B.K, A.N., M.GU., A.M., 
l.P., R.S., S.G., M.GI.; methodology: R.B.K, A.N., 
M.GU., A.M., l.P., R.S., S.G., M.GI.; project ad-
ministration: R.B.K M.GI.; resources: R.B.K, A.N., 
M.GI.; supervision: R.B.K M.GI.; validation: 
R.B.K, A.N., M.GU., A.M., l.P., R.S., S.G., M.GI.; 
visualisation: R.B.K, A.N., M.GU., A.M., l.P., 
R.S., S.G., M.GI.; writing—original draft: R.B.K, 
A.N., M.GU., A.M., R.S., S.G., M.GI.; writing—re-
view and editing: R.B.K, A.N., M.GU., A.M., R.S., 
S.G., M.GI. All authors have read and agreed to 
the published version of the manuscript.

Funding

This research has received funding from the 
European Union’s Horizon 2020 research and in-
novation programme within the ARCTIC HUB 
project grant agreement No. 869580; the Regione 
Piemonte through the convention pursuant to 
art. 15 of Law no. 241 of 7/8/1990 for the crea-
tion of the regional inventory of geosites and the 
valorisation of the Piemonte geological heritage.

Conflicts	of	interest

The authors declare that they have no known 
competing financial interests or personal rela- 

tionships that could have appeared to influence 
the work reported in this paper. The authors de-
clare no conflict of interest.

Copyright

Submission of a paper is taken to imply that 
it has not been published elsewhere and has not 
been submitted for publication elsewhere. The 
authors are responsible for obtaining permission 
to reproduce any material for which they may 
not own copyright.

References

Alexandrowicz S.W., Alexandrowicz Z., 1999. Selected geo-
sites of the Cracow Upland. Polish Geological Institute Spe-
cial Papers 2: 53–60. DOI 10.13140/2.1.1780.9921.

Andersen C.l., luhr S.C., loveland A.M., 2015. The origins 
of landscape: Wyoming’s cultural geology guide. Wyo-
ming Office of Tourism. Online: /www.wsgs.wyo.gov/
products/wsgs-2015-mm-10.pdf (accessed 2 November 
2024).

Bauer K.R., 2007. Protecting indigenous spiritual values. Peace 
Review 19(3): 343–349. DOI 10.1080/10402650701524907.

Berattino G., 1988. Le miniere dei “Baduj” di Traversella. Tipo-
grafia Ferraro, Ivrea.

Bocco G., Winklerprins A., 2016. General principles behind 
traditional environmental knowledge: The local dimen-
sion in land management. The Geographical Journal 182(4): 
375–383. DOI 10.1111/geoj.12147.

Boukhchim N., Fraj T.B., Reynard E., 2018. Lateral and “Ver-
tico-lateral” cave dwellings in Haddej and Guermessa: 
Characteristic geocultural heritage of Southeast Tunisia. 
Geoheritage 10(4): 575–590. DOI 10.1007/s12371-017-0251-
2.

Brauman K.A., Daily G.C., Duarte T.K., Mooney H.A., 2007. 
The nature and value of ecosystem services: An overview 
highlighting hydrologic services. Annual Review of Envi-
ronment and Resources 32: 67–98. DOI 10.1146/annurev.
energy.32.031306.102758.

Brilha J., 2016. Inventory and quantitative assessment of ge-
osites and geodiversity sites: A review. Geoheritage 8(2): 
119–134. DOI 10.1007/s12371-014-0139-3.

Brodaric B., Richard S.M., 2021. The geoscience ontology 
reference. Geological Survey of Canada, Ottawa. Open File 
8796: 1–34. DOI 10.4095/328296.

CGI. 2020a. Geologic unit part role. Online: resource.geo-
sciml.org/classifier/cgi/geologicunitpartrole (accessed 
8 October 2024).

CGI. 2020b. Simple lithology. Online: resource.geosciml.
org/classifier/cgi/lithology (accessed 8 October 2024).

Chiappino C., 2010. le miniere di Brosso: un patrimonio mil-
lenario di storia umana e scientifica. Online: grottocenter.
org/ui/documents/127005 (accessed 5 November 2024).

 Cima M., Fragiacomo G., Grindato B., Nisbet R., Pasinato 
D., 1984. Metallurgia del ferro nelle Alpi canavesane. 
Archeologia Medievale 11: 523. Online: www.proquest.
com/scholarly-journals/metallurgia-del-ferro-nelle-al-
pi-canavesane/docview/1298016055/se-2 (accessed 9 
November 2024).

https://doi.org/10.13140/2.1.1780.9921
http://www.wsgs.wyo.gov/products/wsgs-2015-mm-10.pdf
http://www.wsgs.wyo.gov/products/wsgs-2015-mm-10.pdf
https://doi.org/10.1080/10402650701524907
https://doi.org/10.1111/geoj.12147
https://doi.org/10.1007/s12371-017-0251-2
https://doi.org/10.1007/s12371-017-0251-2
https://doi.org/10.1146/annurev.energy.32.031306.102758
https://doi.org/10.1146/annurev.energy.32.031306.102758
https://doi.org/10.1007/s12371-014-0139-3
https://doi.org/10.4095/328296
http://resource.geosciml.org/classifier/cgi/geologicunitpartrole
http://resource.geosciml.org/classifier/cgi/geologicunitpartrole
http://resource.geosciml.org/classifier/cgi/lithology
http://resource.geosciml.org/classifier/cgi/lithology
http://grottocenter.org/ui/documents/127005
http://grottocenter.org/ui/documents/127005
http://www.proquest.com/scholarly-journals/metallurgia-del-ferro-nelle-alpi-canavesane/docview/1298016055/se-2
http://www.proquest.com/scholarly-journals/metallurgia-del-ferro-nelle-alpi-canavesane/docview/1298016055/se-2
http://www.proquest.com/scholarly-journals/metallurgia-del-ferro-nelle-alpi-canavesane/docview/1298016055/se-2


 THE VIRTUOUS CIRClE OF GEODIVERSITY: APPlICATION OF GEOSCIENCE KNOWlEDGE FOR SUSTAINABIlITY... 113

Compagnoni R., Elter G., Fiora L., Natale P., Zucchetti S., 
1980. Magnetite deposits in serpentinized lherzolites 
from the ophiolitic belt of the Western Alps, with special 
reference to the Cogne deposit (Aosta Valley). In: Pro-
ceedings of the International Symposium on ‘Mafic Ultramafic 
Complexes’, Athens 9–11 October: 376–394.

Costa E., Dino G.A., Benna P., Rossetti P., 2019. The 
Traversella mining site as Piemonte geosite. Geoheritage 
11(1): 55–70. DOI 10.1007/s12371-017-0271-y.

Crofts R., Tormey D., Gordon J.E., 2021. Introducing new 
guidelines on geoheritage conservation in protected 
and conserved areas. Geoheritage 13(2): 33. DOI 10.1007/
s12371-021-00552-0.

Dunn C.E., 2007. Participatory GIS – A people’s GIS? 
Progress in Human Geography 31(5): 616–637. DOI 
10.1177/0309132507081493.

Ellen R., Harris H., 2000. Introduction: Indigenous environ-
mental knowledge and its transformations. In: In: Indige-
nous environmental knowledge and its transformations: 
Critical anthropological perspectives. Studies in Envi-
ronmental Anthropology. Harwood Academic Publish-
ers, Amsterdam: 1–34.

Erikstad L., 2008. History of geoconservation in Europe. Geo-
logical Society, London, Special Publications 300(1): 249–256. 
DOI 10.1144/SP300.19.

FAO. 2018. Transforming food and agriculture to achieve the 
SDGs: 20 interconnected actions to guide decision-mak-
ers. Online: www.fao.org/3/I9900EN/i9900en.pdf (ac-
cessed 1 November 2024).

Fernández-Llamazares Á, Cabeza M., 2018. Rediscovering 
the potential of indigenous storytelling for conservation 
practice. Conservation Letters 11(3): e12398. DOI 10.1111/
conl.12398.

Ferrero E., Giardino M., lozar F., Giordano E.J., Belluso 
E., Perotti l.E., 2012. Geodiversity action plans for the 
enhancement of geoheritage in the Piemonte region 
(north-western Italy). Annals of Geophysics 55(3): 487–495. 
DOI 10.4401/ag-5527.

Frisk E.l., Volchko Y., Sandström O.T., Söderqvist T., Erics-
son l.O., Mossmark F., lindhe A., Blom G., lång l.O., 
Carlsson C., Norrman J., 2022. The geosystem services 
concept – What is it and can it support subsurface plan-
ning? Ecosystem Services 58: 101493. DOI 10.1016/j.ecos-
er.2022.101493.

Gallo l.M., 2007. Traversella: storie di polvere, di fatica e di cris-
talli. Museo Regionale di Scienze Naturali, Turin.

Garcia l.F., Abel M., Perrin M., dos Santos Alvarenga R., 
2020. The GeoCore ontology: A core ontology for gener-
al use in Geology. Computers and Geosciences 135: 104387. 
DOI 10.1016/j.cageo.2019.104387.

Gentilini S., Thjomoe P., Rodrigues J., Paz P., Justice S., 
lemon K., Ciobanu C., 2021. Regional and international 
UNESCO Global Geopark collaborations: The GEOfood 
brand as an educational, research and tourism initiative. 
In: Proceedings of the UNESCO Global Geoparks Conference, 
Jeju, Korea, 12–16 December 2021.

GeoPiemonte Map. 2021. Online: webgis.arpa.piemonte.
it/agportal/apps/webappviewer/index.html?id=6e-
a1e38603d6469298333c2efbc76c72 (accessed 1 November 
2024).

Gianotti F., Forno M.G., Ajassa R., Cámara F., Costa E., Fer-
rando S., Giardino M., lucchesi S., Motta l., Motta M., 
Perotti l., Rossetti P., 2015b. The Ivrea Morainic Amphi-
theatre as a well preserved record of the quaternary cli-
mate variability (PROGEO-Piemonte Project, NW Italy). 

Engineering Geology for Society and Territory 8: 235–238. 
DOI 10.1007/978-3-319-09408-3_39.

Gianotti F., Forno M.G., Ivy-Ochs S., Kubik P.W., 2008. New 
chronological and stratigraphical data on the Ivrea am-
phitheatre (Piedmont, NW Italy). Quaternary International 
190(1): 123–135. DOI 10.1016/j.quaint.2008.03.001.

Gianotti F., Forno M.G., Ivy-Ochs S., Monegato G., Pini R., 
Ravazzi C., 2015a. Stratigraphy of the Ivrea Morainic 
Amphitheatre (NW Italy). An updated synthesis. Alpine 
and Mediterranean Quaternary 28(1): 29–58. Online: amq.
aiqua.it/index.php/amq/article/view/80 (accessed 5 
November 2024).

Giardino M., 2024. COMMENT: The virtuous circle of geo-
diversity & using IGD to change the law. International 
Geodiversity Day. Online: www.geodiversityday.org/
post/comment-the-virtuous-circle-of-geodiversity-us-
ing-igd-to-change-the-law (accessed 2 November 2024).

Giardino M., lombardo V., lozar F., Magagna A., Perotti 
l., 2014. GeoMedia-web: Multimedia and networks for 
dissemination of knowledge on geoheritage and natural 
risk. In: lollino G., Arattano M., Giardino M., Oliveira 
R., Peppoloni S. (eds), Engineering geology for society and 
territory, Vol. 7. Springer International Publishing, Cham: 
147–150. DOI 10.1007/978-3-319-09303-1_28.

Giordano E., Natalicchio M., Ghiraldi l., Giardino M., lozar 
F., Dela Pierre F., 2015. Relationships between geoherit-
age and environmental dynamics in the Tanaro valley 
(NW Italy): Geological mapping and geotourist activ-
ities for a proper management of natural and cultural 
landscapes. In: lollino G., Giordan D., Marunteanu C., 
Christaras B., Yoshinori I., Margottini C. (eds), Engineer-
ing geology for society and territory, Vol. 8. Springer Inter-
national Publishing, Cham: 261–264. DOI 10.1007/978-3-
319-09408-3_45.

Gordon J.E., Barron H.F., 2013. The role of geodiversity in 
delivering ecosystem services and benefits in Scotland. 
Scottish Journal of Geology 49(1): 41–58. DOI 10.1144/
sjg2011-465.

Gray M., 2004. Geodiversity: Valuing and conserving abiotic 
nature. John Wiley & Sons, Hoboken.

Gray M., 2008. Geodiversity: Developing the paradigm. Pro-
ceedings of the Geologists’ Association 119(3): 287–298. DOI 
10.1016/S0016-7878(08)80307-0.

Gray M., 2011. Other nature: Geodiversity and geosystem 
services. Environmental Conservation 38(3): 271–274. DOI 
10.1017/S0376892911000117.

Gray M., 2013. Geodiversity: Valuing and conserving abiotic 
nature, 2nd Edn. Wiley-Blackwell, Hoboken.

Gray M., Gordon J.E., Brown E., 2013. Geodiversity and the 
ecosystem approach: The contribution of geoscience in 
delivering integrated environmental management. Pro-
ceedings of the Geologists’ Association 124: 659–673. DOI 
10.1016/j.pgeola.2013.01.003.

Guerini M., Khoso R.B., Negri A., Mantovani A., Storta E., 
2023. Integrating cultural sites into the Sesia Val Grande 
UNESCO Global Geopark (north-west Italy): Method-
ologies for monitoring and enhancing cultural heritage. 
Heritage 6(9): 6132–6152. DOI 10.3390/heritage6090322.

Haines-Young, R., & Potschin-Young, M. (2018). Revision of 
the Common International Classification for Ecosystem 
Services (CICES V5.1): A policy brief. One Ecosystem, 3, 
e27108. DOI 10.3897/oneeco.3.e27108.

Henriques M.H., 2023. Broadening frontiers in geoconser-
vation: The concept of intangible geoheritage represent-
ed by the 1755 lisbon earthquake. Geoheritage 15(2): 57. 
DOI 10.1007/s12371-023-00831-y.

https://doi.org/10.1007/s12371-017-0271-y
https://doi.org/10.1007/s12371-021-00552-0
https://doi.org/10.1007/s12371-021-00552-0
https://doi.org/10.1177/0309132507081493
https://doi.org/10.1144/SP300.19
http://www.fao.org/3/I9900EN/i9900en.pdf
https://doi.org/10.1111/conl.12398
https://doi.org/10.1111/conl.12398
https://doi.org/10.4401/ag-5527
https://doi.org/10.1016/j.ecoser.2022.101493
https://doi.org/10.1016/j.ecoser.2022.101493
https://doi.org/10.1016/j.cageo.2019.104387
http://webgis.arpa.piemonte.it/agportal/apps/webappviewer/index.html?id=6ea1e38603d6469298333c2efbc76c72
http://webgis.arpa.piemonte.it/agportal/apps/webappviewer/index.html?id=6ea1e38603d6469298333c2efbc76c72
http://webgis.arpa.piemonte.it/agportal/apps/webappviewer/index.html?id=6ea1e38603d6469298333c2efbc76c72
https://doi.org/10.1007/978-3-319-09408-3_39
https://doi.org/10.1016/j.quaint.2008.03.001
http://amq.aiqua.it/index.php/amq/article/view/80
http://amq.aiqua.it/index.php/amq/article/view/80
http://www.geodiversityday.org/post/comment-the-virtuous-circle-of-geodiversity-using-igd-to-change-the-law
http://www.geodiversityday.org/post/comment-the-virtuous-circle-of-geodiversity-using-igd-to-change-the-law
http://www.geodiversityday.org/post/comment-the-virtuous-circle-of-geodiversity-using-igd-to-change-the-law
https://doi.org/10.1007/978-3-319-09303-1_28
https://doi.org/10.1007/978-3-319-09408-3_45
https://doi.org/10.1007/978-3-319-09408-3_45
https://doi.org/10.1144/sjg2011-465
https://doi.org/10.1144/sjg2011-465
https://doi.org/10.1016/S0016-7878(08)80307-0
https://doi.org/10.1017/S0376892911000117
https://doi.org/10.1016/j.pgeola.2013.01.003
https://doi.org/10.3390/heritage6090322
https://doi.org/10.3897/oneeco.3.e27108
https://doi.org/10.1007/s12371-023-00831-y


114 RASOOl BUx KHOSO ET Al.

Hjort J., Seijmonsbergen A.C., Kemppinen J., Tukiainen H., 
Maliniemi T., Gordon J.E., Alahuhta J., Gray M., 2024. 
Towards a taxonomy of geodiversity. Philosophical Trans-
actions of the Royal Society A: Mathematical, Physical and 
Engineering Sciences 382(2269): 20230060. DOI 10.1098/
rsta.2023.0060.

Hoagland S.J., 2017. Integrating traditional ecological knowl-
edge with western science for optimal natural resource 
management. IK: Other Ways of Knowing 3(1): 1–15. DOI 
10.18113/P8ik359744.

Houshold I., Sharples C., 2008. Geodiversity in the wilder-
ness: A brief history of geoconservation in Tasmania. 
Geological Society, London, Special Publications 300(1): 257–
272. DOI 10.1144/SP300.20.

INSPIRE TWG-GE., 2023. INSPIRE data specification on 
geology – technical guidelines – European commis-
sion. Online: knowledge-base.inspire.ec.europa.eu/
publications/inspire-data-specification-geology-techni-
cal-guidelines_en (accessed 2 November 2024).

Jankowski P., Czepkiewicz M., Młodkowski M., Zwoliński 
Z., 2016. Geo-questionnaire: A Method and tool for pub-
lic preference elicitation in land use planning. Transac-
tions in GIS 20(6): 903–924. DOI 10.1111/tgis.12191.

Kantola S., Fagerholm N., Nikula A., 2023. Utilization and 
implementation of PPGIS in land use planning and de-
cision-making from the perspective of organizations. 
Land Use Policy 127: 106528. DOI 10.1016/j.landuse-
pol.2022.106528.

Khoso R.B., 2024. Global drivers, local consequences: As-
sessing geodiversity and geosystem services for glob-
al change adaptation and sustainable development 
of mountain regions – Examples from the Monte Rosa 
W-Alps. PhD dissertation, University of Torino, Earth 
Science Department, Turin.

Kozłowski S., 2004. Geodiversity: The concept and scope of 
geodiversity. Przegląd Geologiczny 52: 833–837.

lam D.P.M., Horcea-Milcu A.I., Fischer J., Peukert D., lang 
D.J., 2020. Three principles for co-designing sustainabil-
ity intervention strategies: Experiences from Southern 
Transylvania. Ambio 49(9): 1451–1465. DOI 10.1007/
s13280-019-01302-x.

lombardo V., Piana F., Fioraso G., Irace A., Mimmo D., 
Mosca P., Tallone S., Barale l., Morelli M., Giardino M., 
2016. The Classification scheme of the piemonte geolog-
ical map and the ontogeonous initiative. Rendiconti On-
line della Società Geologica Italiana 39/2016: 117–120. DOI 
10.3301/ROl.2016.61.

Lombardo V., Piana F., Mimmo D., 2018. Semantics–in-
formed geological maps: Conceptual modeling and 
knowledge encoding. Computers and Geosciences 116: 12–
22. DOI 10.1016/j.cageo.2018.04.001.

lozar F., Clari P., Dela Pierre F, Natalicchio M., Bernardi E., 
Violanti D., Costa E., Giardino M., 2015. Virtual tour of 
past environmental and climate change: The messinian 
succession of the tertiary piedmont basin (Italy). Geoher-
itage 7(1): 47–56. DOI 10.1007/s12371-014-0098-8.

Magagna A., Ferrero E., Giardino M., lozar F., Perotti l., 
2013. A selection of geological tours for promoting the 
Italian geological heritage in the secondary schools. Geo-
heritage 5(4): 265–273. DOI 10.1007/s12371-013-0087-3.

Mantovani A., 2024. Geoheritage and geosite data representation: 
An ontology-driven perspective. PhD thesis, Technologies 
for Cultural Heritage (T4C), University of Turin, xxxVI 
Cycle, Turin.

Mantovani A., Piana F., lombardo V., 2020a. Ontology-driv-
en representation of knowledge for geological maps. 
Computers and Geosciences 139: 104446. DOI 10.1016/j.ca-
geo.2020.104446.

Mantovani A., Piana F., lombardo V., 2020b. Ontology-driv-
en compilation of geological map database. Rendiconti 
Online della Società Geologica Italiana 52/2020: 62–68. DOI 
10.3301/ROl.2020.20.

Matthews J., Kubalíková L., Štrba Ľ, Tukiainen H., 2024. Geo-
diversity challenges for a sustainable future. Nature Geo-
science 17(10): 948–948. DOI 10.1038/s41561-024-01551-w.

Mauser W., Klepper G., Rice M., Schmalzbauer B., Hack-
mann H., leemans R., Moore H., 2013. Transdisciplinary 
global change research: The co-creation of knowledge for 
sustainability. Current Opinion in Environmental Sustaina-
bility 5(3): 420–431. DOI 10.1016/j.cosust.2013.07.001.

Mazzucchelli M., Zanetti A., Rivalenti G., Vannucci R., Teix-
eira Correia C., Celso Gaeta Tassinari C., 2010. Age and 
geochemistry of mantle peridotites and diorite dykes 
from the Baldissero body: Insights into the Paleozoic–
Mesozoic evolution of the Southern Alps. Lithos 119(3–4): 
485–500. DOI 10.1016/j.lithos.2010.08.002.

Najwer A., Borysiak J., Gudowicz J., Mazurek M., Zwoliński 
Z., 2016. Geodiversity and biodiversity of the post-
glacial landscape (Dębnica River Catchment, Poland). 
Quaestiones Geographicae 35(1): 5–28. DOI 10.1515/qua-
geo-2016-0001.

Negri A., Storta E., Khoso R.B., Colizzi A.M., Acquaotta F., 
Palomba M., Giardino M., 2024. Sustainable geotour-
ism in the chiusella valley (NW Italian Alps): A tool for 
enhancing alpine geoheritage in the context of climate 
change. Geosciences 14(7): 175. DOI 10.3390/geoscienc-
es14070175.

Németh B., Németh K., Procter J.N., Farrelly T., 2021. Geo-
heritage conservation: Systematic mapping study for 
conceptual synthesis. Geoheritage 13(2): 45. DOI 10.1007/
s12371-021-00561-z.

Nowotny H., Scott P., Gibbons M., 2001. Re-thinking science: 
Knowledge and the public in an age of uncertainty. Polity, 
Cambridge.

Ocelli Pinheiro R., Gentilini S., Giardino M., 2023. A frame-
work for geoconservation in mining landscapes: Oppor-
tunities for geopark and GEOfood approaches in minas 
gerais, Brazil. Resources 12(2): 20. DOI 10.3390/resourc-
es12020020.

Ogawa M., 1995. Science education in a multiscience per-
spective. Science Education 79(5): 583–593. DOI 10.1002/
sce.3730790507.

OGC. 2017. OGC Geoscience Markup language 4.1 (Geo-
SciMl). Online: docs.ogc.org/is/16-008/16-008.html (ac-
cessed 7 November 2024).

Ólafsdóttir R., Tverijonaite E., 2022. Geotourism: A system-
atic literature review. Geosciences 8(7): 234. DOI 10.3390/
geosciences8070234.

Panizza M., Piacente S., 2003. Geomorfologia culturale. 1st 
ed. Pitagora, Bologna: 360 pages.

Pásková M., 2018. Can indigenous knowledge contribute to 
the sustainability management of the aspiring rio coco 
geopark, Nicaragua? Geosciences 8(8): 277. DOI 10.3390/
geosciences8080277.

Portal C., 2010. Reliefs et patrimoine géomorphologique. 
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Piemonte Regional Law 23/2023

(Published in the Official Bulletin of the Piedmont Region n. 40S3 of 9 October 2023)

Original version available at https://www.gazzettaufficiale.it/eli/id/2024/02/03/23R00521/s3
translated from Italian to English by Rasool Bux Khoso

Art. 1
Purpose

1. The Region, within its competences and, in implementation of the art. 9 of the Constitution and art. 
6 of Statute:
a) recognizes the public interest in geodiversity and geological heritage;
b) identifies particular elements in geosites and geoparks scientific, cultural and landscape value;
c) promotes the conservation, improvement of knowledge and management, scientific, didactic, 

cultural and cultural enhancement tourism of geological sites in compliance with the principles 
and state and community provisions on the matter.

Art. 2
Definitions

1. For the purposes of this law, the following definitions shall apply:
a) geodiversity: the variety recognizable in nature of geological, geomorphological and character-

istic elements hydrological, mineralogical and paleontological;
b) geological heritage: the set of places and singularity where testimonies of history are preserved 

and of the geological, geomorphological and pedological evolution;
c) geosite: any site where it is possible to identify a geological interest of significant value for con-

servation;
d) geopark: a territory with defined boundaries with a heritage particular geological and a sustain-

able development strategy.

Art. 3
Classification of geosites

1. For the purposes of this law and for the subsequent evaluation and enhancement, geosites are clas-
sified according to the following classes and types:
a) scientific interests grouped by field:

1) geographical-physical, geomorphological, karst, geopedological;
2) mineralogical, petrographic;
3) structural geology, geophysics, geochemistry, volcanology;
4) geological, stratigraphic, sedimentological;
5) paleontological;
6) geological-environmental, hydrological, hydrogeological, glaciological;
7) applied glaciology, geomining, geohistory, geological-economic and geotouristic;

b) interests that are contextual and complementary to the scientific one define the context of the 
environmental or territorial relations of the geosite in the following areas:
1) artistic, cultural, historical, archaeological, architectural and religious;
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2) naturalistic, landscape, botanical and faunal;
3) educational and informative;
4) hiking and sports;
5) socioeconomic, touristic and food and wine.

Art. 4
Regional geosites inventory

1. Within twelve months of the entry into force of this law, the Regional Council establishes at the re-
gional structure the regional land registry of geosites is competent, hereinafter referred to as land 
registry.

2. The land registry referred to in paragraph 1 is made up of the lists of geosites and an archive acces-
sible and consultable online, integrated with the regional geographic infrastructure referred to in 
the regional law December 1, 2017, no. 21 (Regional infrastructure for information geographical) 
and divided into the following sections, in accordance with the national repertoire of geosites of 
the Higher Institute for environmental protection and research:
a) location and classification, containing information on geographical-administrative location, size, 

type of geosite, bibliographic, cadastral, cartographic references and photographic;
b) geodiversity, containing the information that characterizes the geosite, defining the type and 

scientific name of the elements described, the genetic process and age, taking into account the 
geological units, i.e. lithology, deformational structures, the geomorphological elements;

c) scientific and contextual interests, associating each one geosite a degree of interest based on the 
number and quality of scientific publications;

d) relations with the environment and the territory, detecting the any phenomena of instability 
that may produce danger and natural vulnerability, and the human activities that can generate 
impacts on the geosite;

e) use of the geosite, containing the description of accessibility, visibility, state of conservation, any 
degradation factors;

f) evaluation of the geosite, containing considerations qualitative-quantitative based on parame-
ters useful for defining the integrity, rarity, representativeness of the geosite and the scientific, 
didactic, popular and aesthetic importance, ecological, historical-cultural, as well as to evaluate 
its accessibility’.

3. The Regional Council regulates the acquisition, updating, the methods of management and dis-
closure of the collected data. The information referred to in this article is collected in a manner 
systematically through specific cards.

4. The list resulting from the census provided for by the regional law October 21, 2010, n. 23 (Pro-
motion and conservation of boulders erratics of high landscape, naturalistic and historical value) 
flows into the regional register of geosites referred to in paragraph 1.

5. The Regional Council, for the creation of the land registry referred to in paragraph 1, promotes 
forms of collaboration, through agreements, with universities, research institutes, regional agen-
cies, instrumental bodies, territorial bodies, professional orders, companies and associations active 
in promoting the environmental geological heritage recognized at regional and national level and 
makes use of mainly of the documentary contents on the geosites present at the documentation 
center on geodiversity and geoconservation present at the regional museum of natural sciences.

Art. 5
Provisions for conservation and access to the geological heritage

1. The Region supports the conservation of the geological heritage also through initiatives promoted 
by the owners or managers of the assets and properties subject to conservative recovery.
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2. Access to geosites and geoparks is free, except for rights of the owners of the land in which the sites 
are located, as well as any prohibitions or limitations provided for by more detailed provisions 
restrictive.

Art. 6
Provisions for the management of geosites and geoparks

1. The Region supports and sustains the management of geosites and geoparks, as well as the activity 
on the territory of the geoparks which obtain the recognition awarded by UNESCO.

2. The Region, in order to enhance the geological heritage of the Sesia - Val Grande geopark belonging 
to the Unesco world network Global Geopark, pursuing the quality requirements and parameters 
of functioning indicated by UNESCO, supports its activities conservation of the geological singu-
larities present in its territory and education, training and research activities scientific and promo-
tional activities related to the geopark, promoting specific agreements between the management 
body, local and research bodies and third sector associations.

3. For the purposes referred to in paragraph 2, it is provided for the year 2023 a one-off, non-repayable 
contribution equal to Euro 253,000.00 in favor of the management body of the Sesia - Val geopark 
Large, which is covered by the financial resources referred to in paragraph 1, letters a) and b), of 
art. 12.

Art. 7
Enhancement and promotion interventions of geosites and geoparks

1. The Region contributes to the valorisation and promotion of geosites and geoparks through:
a) support for conservative recovery referred to in art. 5, therein including access paths;
b) the installation of information tables on geodiversity, on characteristics of the geological herit-

age, on the value of geosites and geoparks;
c) the planning and implementation of thematic itineraries for their geotouristic use;
d) the creation of structures that facilitate accessibility, with particular attention to disabled people;
e) the installation of signs concerning the rules and behaviours to be observed adopt for the respect 

and care of the geological heritage;
f) specific training activities on geoparks;
g) the educational valorization of geosites and geoparks.

2. For the purposes referred to in paragraph 1, the Regional Council, having heard the competent 
council committee, by 30 September each year, approves the annual program of interventions for 
the conservation, promotion and enhancement of the geological heritage.

3. The annual intervention programme contains:
a) the objectives of the conservation, promotion and enhancement of the geological heritage;
b) the specific initiatives to be financed and intended for protected area management bodies, ter-

ritorial bodies, agencies regional, instrumental bodies, non-profit foundations and third sector 
associations that develop projects and pursue purposes in support of the geological heritage;

c) the priorities of the interventions and the territorial areas;
d) the financial plan of the budgeted funds.

Art. 8
Implementing rules

1. Within ninety days of the entry into force of this law, the Regional Council, having heard the council 
commission competent, adopts a regulation which governs, in particular:
a) the criteria for the recognition and classification of geosites referred to in art. 3;
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b) the methods of acquisition, updating, management and disclosure of data collected for the crea-
tion of the land registry in art. 4.

Art. 9
Monitoring

1. The Regional Council, two years after the entry into force of this law and subsequently every three 
years, submits a report to the competent council committee containing the main data and actions 
related to the application of the same, as well as the amount and recipients of the benefits provided.

Art. 10
State aid notification

1. The bodies established in application of this law which provide for the activation of actions that 
can be classified as State aid, except where such aid is granted in accordance with as provided for 
by the Community exemption regulations and/or in de minimis regime, are subject to notification 
pursuant to Articles 107 and 108 of the Treaty on the Functioning of the European Union.

Art. 11
Repeals

1. On the date of entry into force of this law, the following is repealed: regional law 21 October 2010, 
n. 23 (Enhancement and conservation of erratic boulders of high landscape value, naturalistic and 
historical).

Art. 12
Financial standard

1. In the first application phase, the charges arising from the implementation of this law, quantified in 
total Euro 538,000.00 for the years 2023, 2024 and 2025, of which Euro 268,000.00 in current expend-
iture and 270,000.00 euros in account expenditure capital, we face:
a) for the year 2023 with an increase in resources equal to euros 40,000.00 allocated to mission 09 

(Sustainable development and protection of the territory and the environment), programme 
09.01 (Defence of the soil), title 1 (Current expenditure), with an increase in resources equal to 
€183,000.00 allocated for mission 09, program 09.02 (Environmental protection, enhancement 
and recovery), title 1 (Expenditure current) and contextual reduction of the sums referred to in 
mission 20 (Funds and provisions), program 20.03 (Other funds), title 1 (Current expenditure) 
of the 2023-2025 financial budget forecast;

b) for the year 2023 with an increase in resources equal to euros 70,000.00 allocated for mission 09, 
program 09.02, Title 2 (Capital Expenditure) and the related reduction of amounts referred to in 
mission 20, programme 20.03, title 2 (Expenditure in capital account) of the 2023-2025 financial 
budget forecast;

c) for the year 2024 with an increase in resources equal to euros 20,000.00 allocated for mission 
09, program 09.01, Title 1 (Current expenditure), with an increase in resources equal to Euro 
10,000.00 allocated for mission 09, program 09.02, Title 1 (Current expenditure) and consequent 
reduction of the sums referred to mission 20, program 20.03, title 1 (Current expenditure) of the 
financial budget forecast 2023-2025;

d) for the year 2024 with an increase in resources equal to euros 100,000.00 allocated for mission 09, 
program 09.02, Title 2 (Capital Expenditure) and the related reduction of amounts referred to in 
mission 20, programme 20.03, title 2 (Expenditure in capital account) of the 2023-2025 financial 
budget forecast;
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e) for the year 2025 with an increase in resources equal to euros 10,000.00 allocated for mission 
09, program 09.01, Title 1 (Current expenditure), with an increase in resources equal to Euro 
5,000.00 allocated for mission 09, program 09.02, Title 1 (Current expenditure) and consequent 
reduction of the sums referred to mission 20, program 20.03, title 1 (Current expenditure) of the 
financial budget forecast 2023-2025;

f) for the year 2025 with an increase in resources equal to euros 100,000.00 allocated for mission 09, 
program 09.02, Title 2 (Capital Expenditure) and the related reduction of amounts referred to in 
mission 20, programme 20.03, title 2 (Expenditure in capital account) of the 2023-2025 financial 
budget forecast.

2. For the financial years after 2025, the charges arising from the This law is addressed within the 
scope of spending authorizations annually established by the budget approval law, pursuant to the 
provisions of art. 38 of Legislative Decree 23 June 2011, n. 118 (Provisions on the harmonization of 
accounting systems and budget schemes of the Regions, local authorities and their bodies pursuant 
to Articles 1 and 2 of the law 5 May 2009, n. 42).


