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ABSTRACT

Mountain regions are critical ecological, climatic and cultural keystones witihedahing
significance, representing biodiversity hotspots and supply areas for fundamental ecosystem
services. Nonetheless, these areas are undergoing multiple threatscthys#imate change and
anthropogenic pressures, which severely impact their ecosystems, and their consequent capacity
to provide ecosystemservices. Ecosystem services (ES) are defined as the benefits provided by
ecosystems, and are vital for human wedling, playing a pivotal role in shaping the relationship
between humans and the natural world. The valuation of ES is gathering more interest over the
years also from policy and decision makers. Such valuation provides holistic inputs for
management and decisiemaking, taking into consideration the intricate interconnected
elements that constitute an ecosystem, and reconnecting the natural sphere with economy and
society. Despite the growing importance of this topid)et evaluation of ES lacks a common
methodology, resulting in a variety of approaches dedding topotential discrepancies in
outcomes when evaluating the same EB®wever, evaluation and mapping of ES represent a
fundamental tool for conservation of fragile areas, such as mountain areas, providing a
guantitative and spatial understanding of the heterogenous provision of these benefits across
the areas. This studgpresents a multdisciplinary approach to the valuation of ES in mountain
protected areas, with particular regard to the climatgulation service and cultural ecosystem
services. The focus is on two mountain protected areas located in different geographic areas: the
Adamello Regional Park, an Alpine protected area located in the Marsitern Italy, and the
Troodos National Fore®ark, a Mediterranean mountain protected area located in the earth of
Cyprus. Further, data on another Alpine study agélae Gran Paradiso National Park, Italyere
collected and analysed in the previous study of lanoratory andhave been used ithis thesis

for carrying out comparisons between geographically similar areas.

An intensive literature research was conducted, analysing 956 papers regarding ecosystem
services in mountain areas, and gathering information on input data, indicators and type of
evaluation for each ecosystem servidéis is presented in Annex |, being analysis carrie@g®ut

a coauthor. The result of this review was that a multitude of diverse approaches can be used for
valuating ES, ranging from direct and indirect measurements to economic valuations and social

surveys. However, there & urgent needor the understanding of the discrepancies that ensue



when different approaches are employed. The review thus underlines the need for implementing

a common methodology for valuation of each ES.

Thethesis then proceeds towards four specific research studirethe first study, the focus was

on quantifying the organic carbon (OC) stock, a crucial indicator for evaluating the climate
regulation serviceThere is a current lack of data gathered-fagld for the valuation of the OC
stock in mountain protected areas, hence fieldwork activities were carried out to collect samples
and information inthree critical pools: soil, aboveground biomass, and litter. Metadata on
environmental features were desbed in each plot, which allowed us to determine the
correlations between OC stocks and the characteristics of the study areas. Hence, a quantification
of the OC stock in the pools was carried out in the most representative habitats of the two study
areas the Adamello Regional Park, and the Troodos National Forest Park. Moreover, a
description of the forest structure and biodiversity was undertaken, and soils were classified
according to the soil World Reference Base (WdRsification. Results highligll the mosaic

of carbon storage within pools, habitat type and soil type, with the coniferous forest as the most
stocking habitats with highest OC levels. Correlations with environmental features such as
elevation and forest structure were also describedproving the understanding of the complex

process of carbon stock accumulation.

Given the various methods available to evaluate deScribed earlierand the need for
comparisons to evaluate discrepancitge second study aiedto compare three approaches to
evaluate the climate regulation service. Field data from two Alpine protected areas were
collected- one from the Adamello Regional Park, and the other from a previously studied area
the Gran Paradiso National Pagtudied by our laboratory using a common protocol for
guantifying carbon stochs The objective of this study was to identify the differences between

the approaches and the advantages and disadvantages of each. The three approaches considered
were: a) collectig data through fieldwork, which was the method used in finst study; b)
collecting data from the Italian Forest and Carbon Inventory (INFC), which used the same
methodology as thdieldwork data collectionbut at a regional rather than local scale; and c)
using the TESSA toolkit, a widely used tool for rapid assessment of ES. Significant disparities were
identified between TESSA and the other two methodologies, leading to regthtS ESS#at

sometimes exceeded the other approaches twofold. As fieldwdata collection can require



significant resources, we suggest a minimum number of plopetiorm an efficient assessment

of OC stockdimiting the expenses in term of resources and time.

The third study aimed to explore the dynamics of forest cover change at the Adamello Regional
Park. Given that forests were found to be the most stocking habitats in the first study, this
demonstrated the importance of understanding the changes in foregecin protected areas.
Remote sensing is a powerful tool for analysing land cover change, providing a synoptic view of
the study area, and enabling the quantitative analysis of changes in cover oveL éinusat data

were collected at a tetyear intervd between 1988 and 2022The Google Earth Engine platform

was used to analyse the data collected, and a supervised classification of the changes between
forest and norforest was conducted using the Random Forest algorithm. The results confirmed
the ongoing trend in the alpinareas, in which we experience an increase in forested coverage,
however the decade 201R022 resulted in a net loss of forest areas, probably due to an extreme

storm that occurred in the area and biotic disturbances.

The fourth study concerned the evaluation of cultural ecosystem services at the Adamello
Regional Park and the Gran Paradiso National Park. First, 3&seatured interviews were

carried out with park managers and municipality representatives, to ddtesit perception of

potential threats to the areas, and their perception of ES. Tourism emerged as a potential threat.

We found a common agreement both on the potentiality of tourism for the economic
development of mountain areas, and on concerns regayde dangers of mass tourism leading

to the exploitation of mountain area resources. However, tourism is one of the important
200dzLd GA2ya Ay (GKSasS fLAYS INBlLaz IyR AO0 Aa
tourism, and their perception of #hbenefits provided by alpine protected areas. Hence, a total

of 3399 questionnaires were administered in the two areas, in which smmaomic and other
information was collected, along with their stakeholder categories, attitudes towards tourism,
changes in attitudes due to the COVI® pandemic, and perception of 21 critical ES. Due to the
frNBS @2fdzyS 2F RIFGF O2fft SOGSRE G(GKAa &addzReée ¢
attitudes towards tourism, and the second, using these data to prdfégoerception of ES within

different user categoriedt wasfoundin the first sulzhapterthat the concerns oparkmanagers

and municipalityrepresentatives were confirmed: the majority of users wardeed one-day

visitors, contributing to the phenomemoof mass tourismMoreover, it was detected that

generally senicaged and repeat visitors were the ones with the longest stays, while younger
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aged and firstime visitors were the ones with the shortest stays. Following this, in the second
subchapter it emerged that the aesthetic value of landscape, nature observation, and biodiversity
conservation were the most perceived ES in the areas. Hayévere was poor or limited
perception of the fundamental regulating and provisioning services. Users that already
acknowledged the concept of ES had the highest perception as demonstrated by a significant
correlation between these categories suggestingthat, through knowledge, an improved
awareness of the importance of ES can be promoted. Finally, some suggestions for the
communication strategies for increasing ES perception were given, with the aim of engaging
more users to increase their sense of aftanent to mountain areas, thereby contributing to

their conservation.

Finally, this study contributed to enhance the knowledge of ecosystem serviced in several ways.
By measuring carbon levels in different habitats, this study improved our knowledge of carbon
storage in mountain protected areagarious approaches were compared to evaluate the climate
regulation service, and the results showed the need for a standardised methodology to avoid
biased outcomesk-orest contributed substantially to the provision of ES, and it was found that
their coverage at the AD increased otlee years, however the implications for the ES provision
must be investigatedl'he study conducted a social evaluation of the ecosystem services provided

by the Alpine areas, outlining future steps to enhance perceptions and communication targeting.

11
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1. Mountain areas and vulnerabilities
a 2 dzy U lrefighQdre crucialto biodiversity conservation, hosting half of the wddd

biodiversity hotspotgButchartet al, 2010) In fact, die to theirphysical conditions related to

slope and elevationcommunities and abiotic conditions change rapidly over relatively short
distances, creating a turnover of diverse habitats and contributing disproportionately to the

global biodiversityQuintero & Jetz, 2018)nountains coveR y f @ G KS Hpzarea ¥ 9 NI
but are home tomore than 85% of the world's speci¢Rahbeket al, 2019) Moreover,
mountainsprovide a huge quantity of ecosystem servi¢@sétRegameyet al., 2012b) such as

climate regulation, natural hazards protection, soil erosion control, water regulationeaed

cultural and recreational servic€Schirpkeet al, 2021a) Theseareas are also fundamentdr

the survivaland weltbeing of largehuman populations providing awide rangeof goods and

services tdoth populations living iside andoutside the mountaingMEA, 2005)As defined by

the United Nations Conference on Environment and Development in 1@89® 1992)
dMountains are important sources of water, energy, minerals, forest and agricultural products

and areas of recreation. They are storehouses of biological diversity, home to endangered species
and an essential part of the globacosystem. From the Andes to the Himalayas, and from
Southeast Asia to East and Central Africa, there is serious ecological deterioration. Most mountain
areas are experiencing environmental degradadd®asicresources as food or freshwater are

linkedto mountain areasandit is estimated thatr@ NS G KF'y GKS Hm: agifF &2 NI |

dependon mountains for the provision of water resources by 208Wiroliet al., 2020)

Nonetheless, muntains are found to be particularly vulnerable to climate chafigehler &
Maselli, 2009; Gonzalet al,, 2010; Elkiret al, 2013) andresponses to changes are likely to be
heterogeneously distributedThese areasre being subjected to accelerated warming with
(Adleret al., 2022) with ansurface air temperature that resulted in a warmi@@° C per decade
(IPCC, 2018with local warming rates depending on seasonglitdleret al., 2022) From the
consequence®f such accelerated warming, the melting of the cryosphere is one of the most
known (Oerlemans, 2001; Laghari, 2013he melting of cryospherbas impacts onwater
regimes, and it is forecasted with high confidence that these changes will continue occurring
(IPCC, 2022xausing different impacts of the water availability, possibly causing tensions and
conflicts for resourcesSnow and ice in fact, represent a major input into rivers basins, and the

decline of snowfall and glaciers are likely to hadeugeimpact on the freshwater availability,

13



affecting both lowland and upland populated arg&eniston & Stoffel, 2014; Soegal., 2014)
Changes in the precipitation regimes were forecasted, heterogenespsiyadamong mountain
regions, having areas such the European Alps in whicn increase of the order of 5 to 20%
over the 2% centuryis predicted,and areas wherea decreaseds forecasted, such as the
Mediterranean ared|PCC, 2022 oncerning the European Alps, the increase will not be evenly
distributed throughout the year, but mostly related t@tural extremeevents, such asxtreme
rainfallevents(Rajczak & Schar, 201A)so,naturalhazardgprocessesire predicted to increase

in terms of frequency and intensity with high confider{@ariano & Guzzetti, 2016; IPCC, 2022)
leading to adverse changes in mountain social and ecological sy¢gahseiderbaueet al.,
2021)

dimate change isausing a shift in vegetation belts in mountain regideading to an upward
shiftin the spatial distribution of treeRosenzweigt al., 2007; Gonzalezt al., 2010; Steinbauer

et al, 2018; Hagedoret al,, 2019) This leads tdisplacement ohumerous speciesltering the

whole ecosystem and their capacity to provide ecosystem serviteseforest dynamics have

been exacerbated by the recent abandonment africultural lands in mountain areas
(MacDonaldet al, 2000) reflecting the trend of the rural depopulation, and due to the
disadvantages of such economic activities, which are no longer economically sustainable due to
the low incomes and thenormouseffort required The agricultural and livestock activities
undertaken in mountain grasslands had developed, over time, a-sataral environment with

a huge biodiversity associate@rasslands and alpine meadows are fundamental habitats that
act as biodiversity hotspoi@Vilsonet al., 2012)and provideseveral ecosystem services. Hence,
the substitution of grasslands areas into woody environments will lead to changes in the ES
provided by these area$Sala & Maestre, 2014and represents aevereloss in natural capital
(MacDonalcet al., 2000)

Moreover, the climate warminghas impacts mountain areas also throulgiotic disturbances
caused by insects anplants pathogens(Seidlet al, 2017) As the temperature increases,
ecosystems become less able to handle disturbahee estimated that between 2003 and 2012
biotic disturbances reduced substantially the provision of fundamental foeesisystem
services, affecting temperate forests even more that wildf(iéarveyet al., 2023) One example

related to the Alps, one area investigatedn this study,is the spruce bark beetle Ifs

14



typhographu$, that is currently being an important threat tforests particularly for Norway

spruce forestg§Wermelinger, 2004; Nardit al., 2022)

Finally,K dzY I y & Q | O{ mditainst8 strong digiueh&nCe$, changing and degrading
ecosystems. European mountaire subjected to medium to high human influen¢B®driguez
Rodriguez & Bomhard, 2012)ver the pashundreds ofyears, human activities have reshaped
landscapes and modified the ecosystems, causing deforestéibanby, 1955; Kaplaat al.,
2009) habitat fragmentation(Wulderet al., 2006) loss in soil qualitfNewmark, 1998; Zherg}

al.,, 2017) and loss in biodiversit§Chettri & Sharma, 2016; Liedtkt al,, 2020) Several drivers

of change and disturbance are attributable to human activities in mountain areas, ranging from
unsustainable tourim (Duanet al., 2021) to habitat fragmentation(Hocket al., 2019)and directs
impacts on biodiversityForall the mentioned reasonthere is an urgent need for conservation

of these fundamental regions, whi@dn one hand are fundamental for the provision of several

ecosystem services, and on the other hand enigcally threatened

2. Ecosystem services
The concept of ecosystem services (ES) has emergedussl@mentaltopic in the fields of

ecology and environmental science, highlighting the stron@iebetween human survival and

the health of ecosystemsand demonstrating the humarexistence dependn the benefits
provided ecosystem@ostanzat al., 1997; MEA, 2005The Millennium Ecosystem Assessment
(MEA) an international initiative that assessed the world's ecosystems and the impact of human
activities, defined ecosystem services #®"benefits that ecosystems provide for human well
beind'. The assessment highlighted the deep human dependence on the wealth of ecosystems
and the urgent need t@reservethem through a sustainable use of HS the MEA, ecosystem
serviceswere classified into fourmain categories: provisioning, regulating, supporting and
cultural. Provisioning services are those associated with material outputs from ecosystems, such
as food, fibre, genetic resources and freshwater. Regulating servifes,to the services in
which the ecosystem acts as a regulator, e.g., climate regulation, erosion control, protection
against natural hazards. Supporting services are those ecosystem services that underpin the
existence of the other categories, such as nutrient cycling or primaryugtamh. Eventually,
cultural services relate to the social sphareluding the recreational, spirituahspirationabnd

aesthetic values of ecosystems.
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After the MEA 2005, another international initiative The Economics of Ecosystems and
Biodiversity(TEEB, 2010)highlightedlinkagebetween ecosystem servicesnd economy The
innovative aspect of the concept of ES lies in its role as a bridge between the economy and the
environment, connecting human societi@@aily & Matson, 2008}he conservation of natural
capital, and embodying the interaction between nature and humandact, he concept of
ecosystem services is critically dependent on the concept of natural cajefaied aghe stock

of resources provided by an ecosystdine term "capital”" reconnects the environmental sphere
with the economic sphere, where the value of ecosystems has often been overlooked or even
neglected(Tallis & Kareiva, 2005)he natural capital, in order to provide benefits, must interact
with other capitals relying on human beings, namely human capital, built capital and social capital

(Costanzat al., 2017)

As our world is facing complex environmental challenges such as climate change, habitat
degradation and biodiversity loss, understanding and valuing ecosystem services has become
essential for sustainable development and informed decisiaking The MEA estimatkthat
around60% of ecosystem services are already degraded or subject to inappropriate use (MEA,
2005),and over the yearthere hasbeeh RSOt Ay S Ay (i K %o podaderaodta G Sy a Q
of the ecosystem servicdtPBES, 2019Figl.1). Globalchangesare projected to progressively
causea lossof ecosystem serviceBMassonDelmotte et al., 2021) Hence, the valuation of
ecosystem services results a critical tool for understanding ghecesses ongoing in the
ecosystems and to undertakalaptativeand informedchanges that fundamentalfor ensuring

the supply of these services and the health of ecosystems. It enables us to make informed
decisions that balance economic development with conservation of the natural world, ultimately

ensuring a sustainable future
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2.1 Ecosystem services in mountain areas
Mountainous areas arene of the most important regions for the supply of ecosystem services

(GrétRegameet al,, 2012a) but to multiple drives of disturbance threatens the health of these
environments, such as climate change effect, infrastructure development, habitat fragmentation
and mass tourisntKohler & Maselli, 2009; Hoek al.,, 2019) All categories of ecosystem services

are provided by these heterogeneoaseas,and they are therefore a fundamental element in
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supporting human existence. In terms of regulating ecosystem services, mountains are
responsible for climate regulation, through the sequestration of carbon from the atmosphere
(Canedolet al., 2020) soil erosion contro{Daiet al., 2020) protectionagainst natural hazards
(Sebaldet al, 2019) and water regulationo w 2 | 1t BtlaINZDNL} Mountains are the supply
area for a wide range of provisioning servigasyvidingmaterials such as food, fresh water, raw
materials and,timber (Ngwenyaet al, 2019) Finally, cultural ecosystem services are also
provided to a large extent by mountain areas; indeed, mountains are the destinatioraoy
tourists, demonstrating the elevated demand for cultural ecosystem ser(f8eslozzet al,

2015; Schirpkeet al, 2016) Recreational, aesthetic, and nature observation values are highly
valued cultural ecosystem services in mountainous regions. However, mentabeira,
inspirational, and spiritual values are also present in these aké@sever, services in mountain
areas are unevenly distributed, highlighting the need for evaluating and mapping them. This will
ensure a coherent mountain management plan that aligns with the distribution of ecosystem
services. Finallythe demand for ecosystem services has risen expaakntcausing a mismatch
between the supply capacity and demariotecting mountain areas is not only essential for
preserving unique ecosystems and biodiversity but also for sustaining humarbeirgd,

ensuringthe provision of fundamental ecosystem serviceptpulations

2.2 Exaluation of ecosystem services atiir importance in the management of
protected areas
Ecosystem services are an efficient tool for givarlistic description of the interconnections

between processes that occur an ecosystemThrough the evaluation of ecosystem services
and the adoption of a common approadn integrativeassessment ahe benefits provided by

an ecosystem can bearried out Revealing explicitly the traeaffs between the ecosystem
services lead to a comprehensive view of the impacteurhanactivities onecosystems and
through informed management, there is the pdsbty to target strategies thaallowto ensure

the provision of such E&waluation means assigning a "value" to a particular object or process
under study, and the particular concept of "value" can limked to multiple spheres, from
ecology to economy and socyett is critical torecogniseéhat economic and ecological valuations

may be contrasting at time, since ecosystem function and processes have an intrinsic value, that
often cannot be economically representédarberet al., 2002) Scholars have assigned multiple

terms to distinguish the diverse methodological approad@&seng, 2019), and in the case of this
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thesis we will address to the term of evaluation, referring to the process of assigning an ecological
and social value to some E&ther than to a specific economic quantification, which would fall
under the term of valuationHowever it is essential to express explicitly the value of ecosystem
services, especially for those services that decismaking has neglected and overlooked due to
difficulties in quantifying and economicalsaluingthem, such as regulating and supporting
servicesThese are examely important for life on Earth, but their valuation is more difficult than
that of provisioning servicedyeing the latter materials andtheir value have already been
reflected in the market transaction§Sutherlandet al., 2018) Hence, pocesses related to nen
material benefits- such as air purification, primary production, soil erosion control, nutrient
cyclingg have beeroften neglected in the economic accountingdagiecision makingCostanza

et al, 1998) In addition, cultural ecosystem services hasobeen overlooked in decision and

policy makingMengistet al., 2020a) beinglinked to social and nonse values

Valuations of ecosystem services can come with multiple dimension, namely biophysical,
economic and socioultural (Boyd et al., 2015) Biophysicalvalues areobtained from the
guantification of ES performance, both through direct and indirect meagergstons of carbon

stocked in soil) but result invalues that can be defined, measured and modellEdonomic
valuationsare referred to the price ofmarket of the services, or eliciting the valugdm the

willingness to pay fonon-material benefits(Ghermandiet al, 2010) since several ecosystem

services do not have a market priaad issues in the accounting ex{Boyd & Banzhaf, 2007)
However,these economic valuations must be considered as underestimations, and the actual
market value may be larger than estimat@@ostanzat al., 1997) Social values refer mostly to

material a noAmaterial values that people perceive and feel connected to. Tivadges are

generally measured through surveys among users and express the perception of a group of
people regarding ES. These values are even more difficult to include in monetary transactions,

but their understanding is fundamental for creating a linkégéween ecology, economic and
societies.Chan et al(2011)RSY2y adaG N} GSR GKF G Odzf GdzNF f SO2ae 3
Faadlr OKYSyidé¢ Ay LIS2LXSs GKIFIG YlF@& €SIFR Far2 LJdzo f
AYyaiaglryoSs (KNRBdzZZK GKS dzyRSNREGIFYRAY3 2F dzaASNEQ
the possibility of developing targeted projects that help to develop public awareaadsaising

a sensibility towards these environments, fostering a greater sense of responsibility and support

for conservation(Danielet al., 2012) Another issue emerging witevaluations is the need for
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standardizecevaluationsand shared indicators. Previous studies demonstrated that some ES are
more valued than othergMengistet al, 2020b) such as cultural and provision ecosystem
services, whereas regulation and supporting ES resulted to be the least stQs@sthe years
ecosystem services have gained interest from a broad audi@astanzat al., 2014) however
there is an urgenneed for a standardization of the methodologies and the indicators for the
evaluation of ESTallis & Polasky, 200% fact, there is no commoragreement on which
indicators, approaches and input data shall be used for the evaluation of each ES, deddbis

to a nonstandardized valuations, that often cannot be compared (Canc2oi3.

Mountain protected areashave a fundamental in protecting the ES provis{8chirpkeet al,,

2021b) and quite recentlymanagers neeetlto shift from fighting only internal problemelated

to the protected areato preserving areas from external problems mostly related to climate
change beyondthe existinginternal problems and pressurdg€atalanet al., 2017) Over the
years,there is an increasing interest in valuing ES for policy and decision ni@degyet al,,

2015) andmany protected areas have adopted ES assessments to monitor the status of the area
and implement their management strategieEvaluatingES helps to assess the potential
economic risk of degrading the capacity to provide ES, guiding management towards economic
and environmental decisions that favour the maintenance of ES. Fiesthiuationshelp to
assesghe current status of the area, establish a baseline against which to monitor trends in
change, predict future ES supply capacity or examine astitat have occurred in the past.
Mapping ES ia fundamental tool for geweferencing the results of assessments, providing a
spatial description of the supply of ES, which is heterogeneously distributed across the many
habitats of mountainareas Moreover, for protected areas E¥aluation helis in anticipating

social, economic and ecological impacts of management strat¢g§esrpkeet al., 2017) and
leadsto a social inclusion of stakehold@founget al., 2013) which were subjected to the effects

of management approaches, but often neglected in the decisional process. Favallyation

allows for adaptive management strategies, where decisions can be adjusted based on changing

ecosystem conditions and values.

3. Thesis outline
Mountains are under diverse threats that will impact their capacity of supplying ecosystem

services. The evaluation of ecosystem services is proved to be an efficient tool in understanding
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the processes iecosystemsand to aid managers and decision makers to undertake strategies
towards the protection of ES. Mountain protected areas are critical areas due to the huge
biodiversity hosted within their boundaries, and the several ES provided. Isttitig,we aimed

to evaluate some critical ecosystem services in mountain protected areas, and explore different
approaches for the evaluation of ES, trying to identify possible discrepafcigbermore, the

thesis highlights the significance foirests in these areas in providing ecosystem services (ES).
Consequently, an essential question was raised regarding the changes in forest cover over time

in the study araand the impact on the provision of ES.

This thesis addresses some of these identified gaps by contributing to the current lack of
knowledge regarding the following topicselaluationof the climate regulation service using in

situ collected data that quantifpf the organic carbonstock in Alpine and Mediterranean
mountain areas, ii) how different methodologies can result in diverse outcomes for the
evaluation of the climate regulation service and the management implicationgheiijorest
coverdynamics of the last 35 yeairs analpineprotected area, iv) the perceptioof ecosystem

servicesand the attitudes of visitorsf alpine protected areas.

This thesis is arranged into 6 chaencluding 2 subchapters due to the huge amount of data
collectedin cultural ecosystem servicevaluation This introduction(Chapter ) that provided

an overview of the current knowledge of the ES and is followed by a collection of papesf (t
which in preparation, and three already publishaghder review orsubmitted). In the last

chapter, asynthesisand analysis of the overall outcomes is provided.

The beginning of this project relies on a literature review presernnex | in whichl have
collaboratedfor the data analysis and was the starting point for my PhD projéetfocuswas

on the indicators existing for the evaluation of ecosystem services in mountain areas, having as
time span 2015020, and analysinge® papers. It resulted that, even for the same ecosystem
service, there are often a multitude of evaluations which do not share the same indicators, input
data and output data, leading ttifficulties in the comparisons of results and to a global exchange

of information regarding E&rom this, it emerged the idea of this thesis on the evaluatbn
cultural ecosystem services on alpine protected areas, armhebf the mostvaluedregulating

ES- the climate regulation serviceusing different approaches and comparing the outcomes in

different study areas, to detect and spatial variability in the outcomes
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In Chapter 2we undertookthe evaluation of the climate regulation service, using the organic
carbon (OC) stock as indicator. For clarity reasons, the chaptierdes both the study at the
Adamello regional Park, an Alpine protected area located in Italy, and the Troodos National
Forest Park, a Mediterranean mountain protected area situated in Cyprus. The chapters were
merged to avoid repetitions, as they shale same protocol. Thérst draft of this project only
included alpine protected areas due togsible comparisons, and the second study area should
have been located in the Indian Himalayas (Great Himalayas National Park) but due to the travel
limitations cause by the COVID pandemic, and the limited possibilities for fieldwork data
collection, ve changed the project towards mountain regions and we collected data were no
other data on soil OC stock was ever collected, the Troodos méésitollected dta on soil,
aboveground biomass and litter through fieldwork activities, investigating dlbts at the
Adamello Regional Park and 23 plots at the Troodos National Forest Park. We gathered
information of environmental features of each plot, to determine correlations with the carbon
storage.We collected environmental DNA samples from each soil layer to study soil biodiversity
in different habitats. However, the results will not be presented in this thesis due to delays in the

analysis process.

Then, since the OC stock is one of the most used indicttotise climate regulation serviceut

is estimated using a multitude of approacheg carried outa comparison of three diverse
approaches inChapter 3 The focus was on determining the difference between these
approaches itterms of effort in the data collection and the accuracy of the outcomes. Being that
the data collected in Chapter 2 were specifically related to the areas investigatedsed these

as the reference base to determine the grmatude of the variationsn the outcomesusing a
national inventory of carbon stock (INFC 2005) df5SA Toolkit, a tool used for the quick

assessment of ES, that relies on the IPCC tables.

Due to the importance of forest in the provision of g&ticularly the climate regulation service,
studied in Chapter 2 and Chapterv@e wanted to assess the changes in their extent from the
institution of the protected areato understand the forestoverdynamics occuimg within the
study area and to understand if these are leading to an improvement of ecosystem seftises
study was carried out during the period at the Azim Premji Univesshigrel had the possibility

of learning how to use th&oogle Earth Engine platform to undertake land cover classifigation

since this wa®ne of research topis of the universitf2 team. Hence,Chapter 4includesthe
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forest-non forest classification at the Adamello regional Park, focusing on the decadal changes
from 1988 to 2022Analyses othe relevant environmental features related teends inforest
coverwere undertaken to provide insightsto explanationf the changes that have occurred
over the years of the study. This chapter was not specifically related to the valuation of an
ecosystem servicdyut was the direct result of the previous chapters, since by studying the
environments that provide ES andeiihland covedynamics, it was possible to understand what
happened in the past, and tgive informed suggestiorte mitigate and peserve the supply of

ES.

Eventually, due to the lge importance of Alps as a tourist destinati@hapter 5includes the
analysis o88399questionnaires administered to visitors of the Adamello Regional Park and the
Gran Paradiso National Park, and 33 ssmictured interviews to managers and municipalifies
representatives This part of the thesis encompass&sbchapter 5.1in which we addressed to

the attitudes of visitors of PAs, the issues of mass tourism and mar@uceptionregarding
tourism, whereasSubchapter 5.2ocuses on the perception of ES and their prior knowledge, and
from the outcomes we provided suggestsiior managers and stakeholders for communication
strategies and management insights. We split the chapter since there was a huge amount of data,
and for clarity purposes we preferred to focus on one topic at a time, although theudathin
subchapter 5.1 were fundamental for the understanding of ES and peeteption andwere

included as variables in the analyses.

Eventually, inChapter 6we presentedconclusions regarding the results obtaiheand future

perspectives fothe ecosystem services evaluatiaere provided.
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Abstract

Ecosystem servicggES)are essential for human wdlleing. There is limited research on the
guantification of climate regulation service provision through measuresiergitu in the Alpine

and Mediterranean mountainaienvironmentsOrganic carbon (OC) serves as a commonly used
indicator for this valuationIn this study, we aimed to quantify the OC stock in three pools,
namely soil, Above Ground Biomass (AGB) and litieyo study areas situated in mountain
regions: the Adamello Regional Park (AD), an Alpine protectedarated in the Northwestern

part of Italy, andhe Troodos NationdforestPark(TRD), a Mediterranean protected area located

in Cyprus. A fieldwork data collection was conducted in the most representative habitats of the
areas, at the AD these were represented by Norway spruce forests, grasslands, larch forest,
mixed coniferous forest, mixed deciduous forest and chestnut forests, whereas at the TRD there
were Pallas pine forestRinus nigrasubsp. pallasiana Pallas pine forest and low forest
vegetationwith Quercus alnifoliaPinus brutiaforest with low forest vegetation withQuercus
alnifolia, pure Pinus brutiaand mixed forest witPallas pinePinus brutiaand Quercus alnifolia

A total 0f137 plots were studiedpf which 114 at the AD and 23 at thRDI For each metadata

on the environmental features were collected, and sampling involwedsures ofthe Diameter

at Breast Height and height of each tree, amdlection ofsoil samples at standard depth layers,
and litter by horizonsAt the ADwe found that soil was the most stocking pdl7 kg/n? and

mixed coniferous forest was the habitat that stocked the highest quantities of OCKg/2in

soil, 9.7 kg/M in AGB and 1.kg/m? in litter). Elevation resulted to be significantly correlated
with OC stock in soil and litter, whereas the basal area with AGB OCAtdlck TRD it resulted

that AGB was the pool that stocked most of the OC k@/6?), with the mixed habitat oPinus

brutia with Quercus alnifolias the most stocking in OC forIg@i.6kg/m?), pure Pinus brutigor

the AGB (10.4g/m?) and the mixed forest of all the three species for litter (RgBn?). It was

found that OC stock in litter was positively correlated velbvation andree basal area, whereas

a correlation between soil and AGB stock was found. Further research must be carried out to
determine the causeffect relationship of these correlations, and to investigate the linkages
between OC stock and other environmental features, such as raiatathes and tempeture.

Such investigations will aid in determining the key factors influencing OC stock stuthied

areas to better understand the provision of this ES, and facilitate the development of forecast

models.

32



1. Introduction

azdzyldl Aya O2@0SNJ GKS om: 2F (GUKS ¢g2NIRQa fIyR
providing habitat tdoiodiversity(Zhang & Wang, 2023; Zhagital., 2023) They also play a crucial

role in the provision of a multitude of fundamental ES, such as water regulation, erosion control,
natural hazard protection, habitat provision and cultural ecosystem seryiéestRegame)et

al.,, 2008; GréfRegameyet al., 2012; Crouzaet al., 2022) Mountain regions also have a huge
capacity of storing carbon dioxide, providing an essential ecosystem service (ES): the climate
regulation service. The interest regarding the valuation of such fundamental ES is growing, being
included in many monitoring and managent plans, and environmental certificatio(Seifert
Granzin, 2011; Goett al,, 2022) However, the effects of climate change are likely to cause a
loss of carbon storage capacitgjogersteret al, 2011) even in areas in which the vegetation

may increas¢Jonest al., 2003) Other climatechange related dynamics aexpected toaffect

the mountain regions inhe coming years, including the upward shift of the vegetation belts
(Lenoiret al., 2008; Cazzolla Gatt al, 2019) or the enhanced soil respiration rates due to
global warmingZhanget al., 2023) Nonethelessthese changes are not uniformly spread across
the mountain regions and still many uncertainties exist concerning how these changes will affect
the OC stock. This can be addressed both to the complexity of carbon storage dy(tdiitocs

& West, 2020and to the lack of sitdevel measurementéBangrocet al, 2017) It is important

to investigate these areas to quantify the current carbon stock values accurately, understand the
relationshipbetween carbon storage and the environment, establish a baseline for monitoring,
inform conservation strategies, and allocate resources to prioritize habitats needing urgent
conservation actionThis thesis adopts the term "habitat" in alignment with the General Habitat
Categories (GHC) classification introduced by Bahek (2011). The GHC classification is rooted

in the plantlife forms of Raunkanieand based on thedominant layer of the vegetatign
emphasizing the concept that habitat structure is intricately linked to the environnmMast of

the habitats studied belong to the TRS (Vegetated tree/shrub) or the HER (vegetated herbaceous)
category due to the percentage in the vegetation coveraGensequently, this thesis interprets
habitat in accordance with the prevailing forest type in the study area, treating the two terms
interchangeablyand assigning to the habitat the name of the forest/vegetation type accordingly

to the national geoportalslt is acknowledged that this choice may not be optimal, but it is
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informed by the fact that the majority of habitat maps used in this study primarily rely on

vegetation cover for delineation.

Little information is available regarding the quantification with déeel measurements of the

OC stock alpine habitatéCanedoliet al, 2020) and even less is known about Eastern
Mediterranean mountain area&Evrendilelet al., 2006) in which most of the literature focused

on agricultural areagather than mountain forests. Accurate measurements can help in
monitoring over time, and guide policies and strategies towards the mitigation of climate change.
The changes predicted for the Cyprus Island are related to a higher temperature rise inland areas,
particularly the Troodos Massif, and a reduction in precipitations that varies from 6% t&ra®%

2021 to 2050 Giannakopoulost al,, 2010) These changes may affect the carbon stock process,
probably towards a decrease in the carbon stock in Mediterranean areas. This underlines the
critical importance of studying these areas to understand which are the current carbon stocks,
and inform managrs with precise data, in order to develop mitigation and management

strategies focused on the safeguard of these areas.

This research was undertaken in two mountain protected areas, situated in two different
geographical areas: one is located in the Alps (Adamello Regional Park, Italy) and the other in a
Middle Eastern Mediterranean Island (Troodos National Forest ParkusyypVe aimed to (1)

provide a quantification of the OC stock in three carbon pedsil, litter and aboveground

biomass (AGB), (2) to establish correlations between the environmental features and carbon
stockamongthe diverse poolsind habitats Thein-situ valuationsprovided by this studynay be

used for the monitoring and forecast of OC dynamics, setting a baseline of the current status of
GKS OFNb2y &ad2N)X3IS YR AGa RAAGNAODzOAZ2Y GAGKDA

environmental features.

2. Materialsand methods

2.1.Study areas
2.1.1. TheAdamelloRegional Park
The Adamello Regional Park (AD) @Flgy.was established in 1983 through regional law no.

79/1983. It is located in the northern Italy, in the Rhaetian Alps withinLihbardy region. Its
elevation spans from 390 to 3,539 m.a.arldthe Adamello pealsits highest point. It covers an
area of 51,000 hectares, the park borders the Trentino -Allige region to the east and is

situated between two National Parks: the Adameficenta National Park and the Stelvio
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National Park The park's diverse vegetation cover reflects its wide elevation range, having
broadleaf forests in loer altitudes and coniferous forests and shrublands above 2,000 m.a.s.l.
The park hosts a rich variety of plant species, particularly in the alpine grasslands, situates in the
highest elevations of the area. It is horteea diverse array of wildlife and numerous pristine
mountain lakes and rivers are located within its boundarié® forest coverage in the Camonica
Valley, which is the areeovered by the AD, has been significantly influenced by the historical
use of timber resources for human livelihood, economic development, and conflicts, including
world wars. Different management strategies were adopted over time depending on the owner
of the area, such as the Venetian Republic until 1800 or the subsequent French dominion. During
the world wars in 1900, forests were intensively used, which reduced the effectiveness of
previous management strategies. However, in the 1930s, huge afforestatrategies were
undertaken during the~ascist periodmostly favouring coniferous species suchPasea abies
andLarix deciduaAfter the mid1900s, a policy regarding forest conservation and development
was established. This was accompanied by an increase in industrial and tertiary sector activities,
which resulted in the gradual abandonment of land in mountainous atégsoleti, 2007).
Nowadays there arenany regulations regarding the forest management, particularly the PA is
divided into three areagnorthern, central angouthern) in which diverg managesare present.

2 A0KAY 0KS t!1 Q3 o02dzyRFNASAE GKS FOUAGS Yyl 3ASY
Consortium, to whom the PA assigned the management, whereas the landowners are
responsible of the foresnanagementhrough forestry settlement plans. Civic use is a real right

of collective use that belongs to those who make up a given commurity the entire PA is

subjected to right of Civic use (Ducoli, 2012).
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Figure2.1. Location of the study areas, dhe left the Adamello regional Park, on thight the Troodos National

Forest ParkSource: Natural Earth Datht{ps://www.naturalearthdata.com/features)

2.1.2. The Troodos National Forest Park
The Troodos National Forest Park (TRD)1()FRmgs instituted in 1992 and designated also as
UNESCO Global Geopark due to its geological featlires located in Cyprus, in the eastern
Mediterranean, and it covers an area of 9147 hectares. Its elevation ranges from 700 to 1952
m.a.s.l, with its highest peak at the Mount Olympus. Being a Mediterranean mountain area,
during summerthe lower elevation of the park can often exceed 30°C, whereas during winter
the Troodos mountains is subjected to snowfall, and temperatures can drop significantly due to
its elevation The remarkable vegetation at the Troodos mountains is compo$&inus nigra
(subsp. pallasiang, at the highest elevationsPinus brutia Cedrus brevifolia, Cupressus
sempervivens, Juniperus foetidissiarad Platanus orientalisConcerning the tall shrubs, it is
noteworthy the Quercus alnifoliaglGolden Oak), an endemigexies restricted on Troodos
mountain range Cyprus underwent during 1800 to intensive land clearing for crop production,
and currently, apart fronQuercus alnifoliawhich is an endemic low shrub, Cyprus no longer
sustains oak forest, except for small and isolated trees. During the late 1800, Cyprus underwent
to the British control, its forests were highly reduced and degraded. However, British authorities
instituted the Department of Forestry, and undertook reforestation activities using native
species. Ker World War Il there was a massive timber harvesting, but during 1950s the
Department of Forestry launched a massive reforestation effort, especially including indigenous
Pines, as the&inus brutia Currently, the forest area of Cyprus is mostly confined in higher
St SPFLiA2ya YR Ay GKS ¢NR2R2& blaGA2ylf C2NBai
Turkish Cypriot and Greek Forestry Department, and private landovw@éesla, 2004)

2.2.Samplingandlaboratoryanalyses
2.2.1. Habitat selection
Concerning the AD, the vegetation cover map was obtained from the forestry plan (PIF) of the

area with respect to the year 2018. The map was compared with the forest map provided by the
Lombardy region and the maps shared the same information. The mapsemed the

vegetation attitudes according to the geoportal of LomBrdwS3IA 2y 04 DS2LIR2 NI £ S
[ 2 YOI NBtcladtypurposes the vegetation cover were merged into main categories of

vegetation types indicated by the forest types proposedhsy Lombardy region, as follows: 1)
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spruce forest (composed mostly Bycea abiek.), 2) encompassing the categories of larch forest
(composed of arix deciduaMill.), 3) chestnut forest (composed mostly Ggstanea sativaand

then the green alder shrubland (composed mostlyAbyus viridiy which differentiated a little

from the Lombardy region due to the low presence of other Alnus, and then the mixed coniferous
forest, mixed deciduous forest. Grasslands were not present in the forest map provided by the
Park, but due to their extentral relevance for the topic, they were extracted from the DUSAF
map provided by the Lombardy region in its Geoportal
(https://www.geoportale.regione.lombardia.it/) Concerning the TRD, the vegetation cover was
obtained from the Natura 2000 map of 20{Vzirkalliet al. 2018)and provided by the Forestry
Department of Troodaghe habitats selected were Pallas pine forest (cod. 9536), Mediterranean

pine forest (cod. 9540, 9390*), and a mixed category contai@ugrcus alnifoligcod. 9390).

Soil and litter samples were collected during the summers of 2021 and 2022 at the AD, and during
autumn 2023 at the TRDId®s had a standard dimensiof80 x 30 n), anda stratified random
samplingdesign distributed across the most representative habitats of the study anees
undertaken(FigSl, ). A total of 114 plots were investigated at the AD and 23 at the TR®.
habitatsof the study weradentified through the maps provided by the parles)d only the most
spatially extensiv@abitatswere chogn forthis study, keeping as a threshold a minimum of 5%
of coverage on the totahrea of the park (Tabl2.1, Table2.2). The primary types ofroodos
were Pallas pine fores{N) (Pinus nigrasubsp.pallasiang, Pallas pine forest and low forest
vegetation withQuercus alnifoligNQ) Pinus brutigorest (B) Pinus brutiamixed withQuercus
alnifolia (BQ) and the mixed forest of the three species (NB@Q)e parksalso contain rocky
environmentsand aquatic environmentsbut for the purposes of thetudy, these were not

encompassed dut the scarce presence of soil and their limited spatial extension.

Table2.1. Plots distribution at the Adamello Regional Park

HABITAT NUMBER OF PLOTS
CHESTNUT FOREST 5

GRASSLAND 31

GREEN ALDER FOREST | 15

LARCH FOREST 13

MIXED CONIFEROUS 14

MIXEDDECIDUOUS 8
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SPRUCE FORESTS 28

Table2.2. Plots distribution and abbreviations at the Troodos National Forest Park

HABITAT NUMBER

PINUS BRUTIA MIX QUERCUS ALNIFOLIA (BQ)
PINUS NIGRA FOREST (N)

PINUS NIGRA MIXERJERCUS ALNIFOLIA (NQ)
PINUS NIGRA, PINUS BRUTIA, QUERCUS ALNIFOLIA
PINUS BRUTIA FOREST (B)

w w w N N

2.2.2. Soil and litter samplingral analyses
A total of 114 plots were investigated at the AD and 23 at the. TIRBnumber of plots was

chosen according with their geographical extent and the number of habitats present. We
collected 33 soil samples and80litter samplesat the AD, andb9 soil and 51 littler samples at

the TRDIn each plot, three excavations (mipit) were performed, and soamples were
collected from depth layers {00 cm; 1@20 cm; 2@40 cm) in each mirit. A composite sample
FT2N) SIFOK RSLIWK fF&8SNJ oFmnn 30 o6& ONBFUGSRO®
different plots that might hae differenthorizons We collected a volumetric sample of soil were
possible, to obtain data on the bulk density, being a fundamental factor for the quantification of
the OC stock. Litter samples were collected by organic layer in a standard area (18x18cm) near
eachmini-pit, and a composite sample for each layer was cregbed samples were analysed to
determine physicathemical characteristics, such as soil organic carbon (SOC), total nitrogen
(TN), (Flash EA 1112 NCSoil, Thermo Fisher Scientific elemental analybergRiti8A, USA),

and pH in water (soil to water ratio of 1:2.5). Partislee and distribution were also determined

via sieving and sedimentation. Litter samples were analysed to determine dry biomass, organic
matter, SOC and TISoil types wereletermined according to the World Reference Base (WRB)
(2015)

The soil organic carbon stock in soil (8§ was quantified for each investigated depth as

follows:

SOGiock= DC*BDH*(100-Vrf)
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Where SOGickis the value of soil organic carbon stock (ké)nd is the layer thickness (m), SOC

is the organic carbon content (g-Kg BD is bulk density (kg din and Vif is the rock fragment
volume (%). BD was measured using samples gathered for each depth layer, where the Vrf
allowed the sampling. The BD was calculated for each depth layer with data collected in situ for
both the study areaghat allowed the creation of specific pedotransfer functions (€&1). For

the Troodos massif, a specific pedotransfer function was created for each habitat, since the data
allowed this distinction, whereas for the Adamello we could not distinguish the habitat, but a

pedotransfer function was created for eadepth layer.

Table2.3. Pedotransfer functions used for the estimation of the \BRere C(%) represented the percentage of

organic carbon content, Vrf the rock fragment volume, and C:N the canitrmgen ratio.

Adamello Regional Park

Layer Pedotransfer function
0-10 cm 1.0435*C(%)"2-0.255
10-20 cm -0.183*In(C(%))+1.0861
20-40 cm -0.185*In(C(%))+1.358

Troodos National Forest Park

Habitat Pedotransfer function

B, BQ 1.35-0.17*C(%)0.011*Vrf+0.03*d
N pure 1.69-0.13*C(%)0.014*Vrf-0.01
NBQ, NQ 1.14-0.12*C(%)+0.004*C:N-0.004

The organic carbon stock in litter S&éiter was quantified as follows:
SOGiockiitter= YO m nmmO 006

where SO&ockiiter is the of soil organic carbon stock in litter (kg ))nOMB is the organic matter

biomass (kg M), and SOC is organic carbon content (%) in the organic layers.

2.2.3. Above ground biomass
Ineachplot, the treecomponent ofvegetation wasnvestigated The species of all trees observed

were described and their height anddiameter at Breast Height were measuredieight

measurements were obtained using the Forestry App MOTI. In cases where the apex was not
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visibly accessible, a lanyard was deployed and used for measuremwbereas DBH was
measured per each treesing a soft meteiat a standard height of 130 ciidue to the abundance
of green alder shrublandyhich represented the fourth most extended habitat of the aree,
collected data on the number of branchestbk tall shrub, Alnusviridis We then calculated
indices of diversity anfbrest structurefor tree speciesStem density (SD) was determined as

the number of trees per hectarét was calculated as following:
SD=n/ A*10000

Wherenis the number obtemsin the plot andAis the plot total area (900 & SD indicates the

stem density (n° of trees/A) of the plot considered.

Tree lasal area (BA) was measured as the eeasdion of a tree's trunk at breast height (1.3 m)

and then calculated for the entire pland converted from cm to fnlt wascalculated as follows:
BA= B0 %00)2

BA is the basal arga?), DBHis the Diameter at Breast Height (crithe sum of théBA of each
tree results in the total BA for the plot @fplot). This value is then converted into square meters

per hectare.

The relative dominance (RD) and the relative stem density (RSD) were calculated for all the trees
measured in our area. Finally, the Shannon Index (HSH) and Evenness were cdlzaetect

the diversity of tree species.

We estimated the aboveground biomass (A@8&)sity of trunk and branchgslwl) (according

to Tabacchi et al. 201Xpr the Adamellousing allometric equations specific to the site and
species (Tdb Sl), accordingly to the protocol for a previous study area, the Gran Paradiso
National Park (Canedoli et al. 2020), in orderyteld comparisons Allometric equations are
previsional models that result in the estimation of the dependent vari@p)e which in this case

was the phytomass (kg). The independeatiables were measured during fieldwork activities

and were DBH (cm) and H (m), where the DBH was more than 10 cm. The general model for the

estimation of phytomass were, according to Tabacchi et al (2011):

1) yo=ho+byd?h
2) yo=hotbid?h +hd
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3) yo=ho+bid?h +hpd?

where by represented specific coefficien{that depend on species, environmental variables and
geographiarea) d was the DBH, andwasthe Height.Specifically, equation 1 concernéaer
pseudoplatanus, Carpinus betulus, Fraxinus excelsior, Fraxinusamd@alix capreawhereas
equation 2 concerne€astanea sativa, Larix decidua, Prunus aviline remaining species were
related to equation 3, except faklnus viridisvhich had a different general allometric equation
being a shrub and having only a measurement of the branches. The coefficient for each species

and the allometric equation were listed in Table S1.

ConcerningCyprus there was a lack of site and species specific allometric equations, and we
relied on published allometric equations of the two studied species and in the neighbouring area
of the study area, e.g. Turkey. However, for the latter the equations refieto the total AGB,
including all the component of the trees, but for the purpose of the thesis were considered as an
option, since no comparison between the Troodos and the Adamello was undertakemtt&o
AGBdensity, the AGB OC stock wabtained with the IPCC (2003) conversion coeffici€rata

on deadwoal were collect during fieldwork activities but were not used for the purpose of this
thesis. The analysis of forest structure included an assessment of diversities within different
forest type categories. Diameter classes were established, each named with the average number
2F GKS Oflraa o6So3aos Oflaa wmp Syt@eavlateduvmbdR O € d
of trees per class was determined for each species within each forestappecorresponding
percentages were calculated. Additionally, ipsometric curves were constructed to illustrate the
relationship between diameter and height for each plot and species. Using our data, the average
diameter per species was derived for eachtpémd the average height was estimated using the

ipsometric equation specific to the species and plot.

Eventually, ér the calculation of the Leaf Area Index (LAIl), 10 photos were taken in each plot
using a hemispherical camarawo at each corner, stepping approximately one meter inside the
sampling area, and two at theentre. In forested habitats, the camera was positioned facing the
sky, while in alder stands, marshes, and meadows, it was directed towards the ground.
Eventually, the Leaf Area Ind@xAl)was measured using the software CAN_EMch performs

a supervised image indexingassifying ixels belonging to vegetatigrsky and ground then

calculating the overall LAI.
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3. Analyses
Analysis of Variance (ANOVA) and Post Hoc tests (Tukey HSD, Fisher LSD) were performed to

determine significant differences in the variance between habitat feature and OC stock. To
determine the relationships between all the features we performed a Pearson Correlation Matrix
for each PAs, to assess the presence of correlations between two variabléshat &lence we

used a principal component analysis (PCA) to assess the relationship between carbon stock and
the environmental values, measng the linear relationship between multidimensional values.

The results of thePCA wererepresented ashi-plots, where carbon stockand explanatory
variableswere projected on a bdimensional graph and defined by two canonical axése

statisticalanalyses were performed using R studio atadSft Statistica.

4. Results

4.1.TheAdamello Regional Park

4.1.1. Soil typeforest structure, and environmental features
Soil WRB classificatioasd their distributionvariedamong habitatgFig. &.2). The habitat that

resulted in the highest number of soil types was grassland, and we attribute this result to the
heterogeneity ofthis habitat type whichencompassnany varieties ofjrasslands according to

the dominant species (Gentili, 201®Jost of the soils resulted to be Umbrisols (32%), Cambisols
(28%) and Podzols (24%), whereas a small percentage of soils were Regosols (7%), and Phaeozem

(4%), the remaining soils weet_uvisol, Histosol, and Kastanozem (8 &2.3).

Our finding indicate that pH values are significantly lower in spruce forest (4.3, p<0.005) when
compared to grasslands (5.33), while the Leaf Area Index resulted to be significantly higher in
grasslands (3.8, p<0.05) than in mixed deciduous forests (HdBgst stand structure was
described to disentangle the diverse habitat typdalfle S2.4). Basal Area (BA) revealed a
statistically significant difference between spruce forest (5&8ha?, p<0.001) and mixed
deciduous forest (24.587 hal), as well as between spruce forest (p< 0.05) and larch forest (36.8
m? ha'). Moreover, mixed deciduous forest differed significantly in BA with mixed coniferous
forest (52.46m? hal, p<0.01), and chestnut forest (52.4& ha?, p<0.05). Concerning the Stem
Density (SD) we encountered statistically significant differences between the chestnut forest
(1077 trees/ha, p<0.005) and larch forest (455 trees/ha). The SD may be lower in the mixed
deciduous forest due tthe factthat theseforestsare highly composedf trees that were not

considered in the SD calculation, due to their small sizes of the trunk, sucbrgsis avellana
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However thesecounts wereincluded in the study only for the description and discussion of the

diversities within the habitats.

The analysis of the forest structure aimed to identify potential differences between forest types
and reasons for addressing diversities in OC stock. The initially reported Mixed Deciduous Forest
(Figure .12 asFraxinus excelsidiorest was reclassified after thorough analysis of forest
structure, considering the relative dominance of species and stem density. Consequently, it was
identified as a Mixed Deciduous Forest. The most abundant species in this reclassified forest was
Fraxinus excelsiof676 trees/ha), primarily in the lowest diameter category (<10 cm DBH),
indicating an increase in new individuaBastanea sativalso featured prominently in the same
class. Analysis of the percentage of trees per diameter class revealed an tagaastructure,
particularly for the most abundant species, with over 60% of individuals falling within the <10 cm
diameter category (elss 5).The Chestnut Forest (Fi§.2.13 exhibited considerable
heterogeneity in species composition, especially in the class of tiea$. The most abundant
speciesCastanea sativademonstrated a more eveageddistribution with a peak in the smaller

class, likely influenced by forest management and timber logging. However, when considering all
tree species in this forest type, an unevaged structure became apparent, similar to the Mixed
Deciduous Forest. Theofiiferous Forests, characterized by fewer species, displayed a more
evenaged structure. For instance, the Larch Forest @14 featured four species, witharix
deciduaandPicea abiebaving comparable tree numbers. Analysis suggested a potehiitirs

the Larch Forest at the AD, whdrarix deciduawith higher average diameter values, is possibly
being replaced by expandirRjcea abiesThis transformation might lead to the development of

a mixed coniferous forest over time. The Mixed Coniferous Forest (Bi@5Sdominated by

Picea abies, Larix deciduemdPinus sylvestriemerged as the forest type with the least species

and the most everaged structure, primarily due to the prevalence of Picea abies. Notably, the
Spruce Forest (Fig.23.6) was predominantly composed Bicea abieswith a mix of coniferous

and deciduous species, possibly indicating vegetation shifts. The overall structure of this forest
type was characterized by an unevaged distribution, witiPicea abieandLarix decidudaving

the majority of small treef-or a more comprehensive description of the forest composition, we
present the average Diameter at Breast Height (DBH) and Height values (Table 2.5.1.) for each
species within each forest type. Height values werawe using ipsometric equations (Figure

S.2.7), which illustrate the relationship between diameter and height. These values underscore
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that, on averageCastanea sativaxhibited the highest DBH in deciduous forests, whikaxinus
excelsiorwas predominantly associated with smaller diameters. Furthermore, our analysis
revealed thatLarix decidudended to have a smaller size in mixed coniferous forests, aligning
with our earlier findings of this forest type being the most eaxsgyed. Conversely,arix decidua
exhibited a larger size in spruce and larch forests, surpassing Picea abies in height. These findings

are pivotal for a comprehenswnderstanding of the Organic Carbon (OC) stock.

Table 2.5.1. Average values for (DBH: Diameter at Breast Height) and H (Height), and their standard deviation (StDev)
divided per habitat type.

Average DBH| StDev DBH

Mixed deciduous
Castanea sativa 43.00 8.97 16.83 1.17

Fraxinus excelsior 23.66 7.51 13.63 4.10
Larix decidua 39.79 - 15.00 -
Picea abies 30.24 - 12.00 -
Prunus avium 36.22 - 17.70 -
Robinia pseudoacia 35.44 19.69

Chestnut forest

Betula pendula 20.32 1.43 10.55 0.63
Carpinus betulus 16.87 - 7.00 -
Castanea sativa 41.69 11.65 12.83 4.74
Fraxinus excelsior 17.27 6.45 15.12 6.90
Fraxinus ornus 14.64 - 8.00 -
Larix decidua 28.33 - 11.00 -
Picea abies 25.43 9.25 6.68 2.38
Populus tremula 45.77 - 22.44

Prunus avium 19.02 4,76 10.83 4.80
Tiliacordata 33.71 22.21 -

Larch forest

Betula pendula 19.42 8.50

Larix decidua 38.32 9.47 13.94 5.78
Picea abies 24.77 5.00 10.44 5.58
Larixdecidua 32.62 7.67 20.69 13.58
Picea abies 33.15 9.01 19.91 12.11
Pinus sylvestris 31.69 27.63

Spruce forest

Abies alba 34.84 23.03 -
Betula pendula 17.79 5.01 11.63 4.71
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Castanea sativa 25.37 2.39 9.18 2.39
Larix decidua 39.04 10.41 21.34 10.41
Picea abies 36.54 9.12 18.39 9.12
Pinus nigra 35.73 1.24 13.02 1.24
Pinus sylvestris 26.99 - 12.60 -

4.1.2. Organic carbon stock in ikditter and tree aboveground biomass
The organic carbon stock was assessedhe three selected poolsOn average, 57% of the

organic carbon was found in soil mineral lay@tig).S2.4),4% in organic layers, and the remaining
34% in aboveground biomassThe soil, on average, stocked 8.7 kg/mith mixed coniferous
forest having the highest stock at 10.4 kd/nfollowed by grasslands with 10kh/m? (Table
2.5.2). Concerning litter(Fig.2.5), the average stock was 0.7 kgnwith spruce forest having
the highest stock with 2.0 kg/mThe AGRFig. $.6) hadan average stock of 5.8 kgfnwith
mixed coniferous forest again being the most stocking habitats with 9.7 %kgestnut forest

having an average stock of &§/m? and spruce forest with 8.2 kg/m

Table2.5.2. AverageOC stock per habitat and pool (kghm

Habitat Soil AGB Litter
Mixed coniferous 10.4 9.7 15
Grassland 10.1 - -
Spruce forest 9.5 8.2 2.0
Larch forest 8.8 5.9 0.7
Green Alder Shrubland | 7.8 15 0.1
Mixed deciduous 6.8 7.9 0.3
Chestnut forest 6.5 8.3 0.5

4.1.3. Correlations with the environmental features
The ANOVA(Fisher LSD testrevealed significant disparities among the habitats studied

concerninghe OC stock. Differences in carbon stock within the first mineral soil laykd ¢@n)
were observed across almost all habitats. Chestnut forest exhibited statistically significant
differences when compared to mixed coniferous forest (p<0.05), grass{pr@s05) and spruce

forest (p<0.05). Grasslands were observed to differ significantly from green alder forest (p<0.05)
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and mixedoroadleavegp<0.05). Lastly, spruce forest differed significantly from mixed deciduous
forest (p<0.05). There were no significant differences found in the other depth layers across the
habitats. However, the overall organic carbon (OC) stock showed a signifidargrtite (p<0.05)
between grasslands and mixed deciduous foreSisncerning soil OC stock and soil types, we
found statistically significant differences within WRB classificatidrablé S2.3). Umbrisol
differed significantly (10.37g¢m?, p<0.05) from Phaeozem (6.73 kgjmRegosols (3.10 kghn
resulted insignificantlylower values compared to Umbrisols €0.000), Podzol (10.3Kg/m?,
p<0.000), Cambisol (8.85 kg#p<0.001) and Kastanozem (8.R§/m?, p<0.05).

There wasa significantvariability in OC stocks between habitats with respect to organic layers.
In fact, the results show that spruce forest (p<0.005) and mixed coniferous forest (pk@d¥b)
significant difference when compared to all other habitdds. significant differences were found
among the tree AGB OC stock, while the green alder shrubland significantly differed from all the

remainingforested habitats (p<0.05).

A Pearson Correlation matrix was conducted to identify the correlatjpr6.05) between the
variables studied. Forest habitats (Ri§) were analysed separately due to the inclusion of
variables related to forest structure and diversity. It emerged a positive correlation with the soill
OC stock, and a negative correlation with AGB OC and litter OC stock. Litter OC stock showed a
strong positive correlation with higher values in coniferous relative dominance, whereas a
negative correlation was found with gher pH values. This remarks that higher OC stock is
present in acidic habitats, such as coniferous forest. AGB OC stock was negatieddyedwith

pH and Leaf Area Index values. The latter is possibly due to the fact that the highest LAI values
were associated with green alder shrublands, which hiael lowest valuesin OC stock.
Considering the totality of the habitats (FAgt), elevation positively correlated with higher values

of in OC stock, represented by mixed coniferous forests and grasslaneissas we detected a
positive correlation with pH values, whiglossiblyresulted from to the pH range of grasslands

(4-7.6),being less acidic than coniferous forests.
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Elevation 0.26 0.3 0.

Soil_CS 0.4 0.28 0.28 -0.28-0.13 -0.17 0.15

Litter_CS [0.47 0.49 -0.32-0.24 0.01 0.09 0.32
RD_conf .-0.21 -0.15-0.04 0.12 0.39 ”

RSD_conf -0.24 -0.19-0.02 0.16 0.41

pH 0.32 0.23 -0.25 0.25-0.31
Shannon 0.2 -0.14 ’

LAl 0.3 -0.11 -0.39-0.09

Northness -0.07
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SD_trees 0.16 0.34
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Fgure2.3. Pearson coefficient correlations in forested habgabwingvariables that resulted to haye<0.05.Codes
for the variables includedSD_treesstem density, soil_cs: soil oc stock, litter_cs: litter oc stock, rd_conf: relative

dominance coniferous trees, rsd_conf: relative stem density coniferous trees, agb_cs: aboveground biomass oc stock

BA _trees: basal ar@a

‘\0{5\& \},@ ’ 0@\’5\\ GJO\\S,@ Q/@a‘(@%e 5 Q 1
Slope% 0.21 -0.17 -0.13 0.2 -0.17
Northness = 0.23 -0.36 -0.14 -0.21 o5
Litter_CS = -0.38 -0.08 -0.33
Elevation = 0.24 0.12 0
Soil_ €S -0.18

Eastness

LAl 0.29
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Fgure2.4. Pearson coefficient correlations in all the habitéittered by statistically significant variabl§s<0.05)

Principal component analysis (PCA) was used to disentangle the correlations between multiple
factors, both environmental characteristics and OC stW¢&.performed two separate analyses

for the totality of the habitats and forested habitats only, due to the forest diversity and structure
variables. Concerning the forestabitats (Fig.5), our analysis explained the 50% of the
variability, and it emerged a positive relationship between elevation, OC stock in soil, OC stock in
litter and little correlation vith higher slopes. A negative correlation was found with the previous
cluster and higher Shannon index and pH, remarking the highest stocks in coniferous forests,
which resulted in almost pure habitats with acidic soils. Finally, the AGB was positivelgteor

to the highest trees BAConcerning forest and grasslands (Fig.7g we only detected a positive
correlation between organic carbon stock in soil and higher vabfesAl, and a negative

correlation with slope, factors which generally associatéth grasslands.
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Figure2.5. Principal component analysis of the variables related to forest habitats at the AD

4.2 TheTroodos National Forest Park
4.2.1. Habitat type and forest structure
At the Troodos the soil typgsund were Cambisol§52%)and Regosol&7%). Cambisols were

found mostly in forests witinus nigrarepresenting the 83% of pueinus nigrdorest, 75% of
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NQ forest, and 67% of NBQ forests, wherpage Pinus brutigorest were found Regosotmly

(Fig. 8). The analysis of forest structure focused on the tree component, revealing that the
majority of forest types exhibited an uneveged distribution. Notably, the B forest (Fig. S.2.18)
emerged as the most evenly aged among them. The N forest (Fig.S.2.19yadasinantly
characterized by smaRinus nigrarees, primarily falling within the first category of diameter
classes, followed by the NQ forest typeig.S.2.20). The BQ forest (Fig. S.2.21) displayed a
similarity to the B forest, featuring a more uniform age distribution, with a significant proportion

of trees falling into medium diameter categories. Lastly, the NBQ forest (Fig. S.2.22) exhibited a
composition dominated byPinus nigraand an uneveraged structure, with nearly 30% of the

trees belonging to the smallest diameter category.

Environmental features were described for each habifedhle S.5) and statisticabnalyses
were conducted to identify notable differences between the habit&t® observed statistically
significant differences in elevation range across all hahieatsept for NBQ forest and NQ forest.
In particular there was a significant difference with p<0.05 between(B@@5 m.a.s.Horest and
NBQ fores{1454 m.a.s.|whereasfor the remaininghabitats, the difference was significant with
a p<0.001. The results indicate that thlevation rangesvere distinctamongthe habitats except

for the NBQ and NQ forests where overlapping elevation ranges couldypethesised
Additionally, the BQ forest exhibited significant differences (41.3%, p<0.05) inpopeEntages
compared to the N forest (21%IRegarding the pH, we found that the N forest (6.75) differed
significantly (p<0.05) from the BQ forest (7.09), and the B forest (7.13). MorebeeB forest
showed a notable difference (p<®) from the NBQ foreqi6.56) and the BQ exhibited strong
significant difference (p<0.01) from the NBQ forgSbncerning the forest structure indices, no
significant variations in stem density was observed among the habitats. However, we discovered

a significant difference (p<0.05) in BA between(B@m?/ha) and N fores{(45.4m? ha).

4.2.2. Carbon stock in soiltter and vegetation
The pool that stocked most of the OC wasBAGig. .10, Table 2. with an average of 7.6

kg/m? and resulting in thdinus brutigB) forest as the most stocking habitat in AGB (10.4 Kg/m
On the other hand, the BQ forest had the lowest values, stocking on avefdye kg/n¥. The
soil(Fig. 2.9) had an average stock of 4.0 kgZnwith the BQ forest as the most stocking habitat
(4.6 kg/n¥), followed by the NBQ (4.3 kgArand N forest (4.0 kg/f). By contrast, we detected
that the N forest resulted in the highest average litter OC s(@d§. .11) (1.4 kg/n¥), along
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with the NBQ forest (1.5 kg/fh The ANOVA (Fisher LSD Test) did not show any significant
differences between the habitats for the OC stock in all the pools, nor within the layers
separately Also, the ANOVAetween the soil types and OGtock showed no significant

differences.

Table2.6. Average values of the OC stock (k§/mwer habitat and pool at the Troodos National Forest Park

Habitat Soil AGB Litter
BQ 4.6 6.1 0.9
NBQ 4.3 9.0 1.5
N 4.0 6.6 1.4
NQ 3.8 7.3 1.1
B 2.6 104 0.9

4.2.3. Correlations with the environmentaddtures
The Pearson correlation matr{¥ig.2.6) showed statistically significant (p<0.05) correlations

between the environmental characteristics and the OC values. The litter OC stock was strongly
positively correlated with the higher elevations and higher stem densities, while negatively
correlated wih sloping surfaces and higher soil pH. We also found a positive relationship
between tree basal area and higher elevation, and this could be attributed to the Pinus nigra
trees, which had the highest BA values, wdas thePinus brutiatrees generally had smaller
stems. Soil carbon stock was positively correlated with AGB OC stock, BA and OC stocks in litter.
Finally, the AGB OC stock was positively correlated with the Shannon index aeMdtion in

fact we observed that the NBQ had the highest variance in the AGB OC stock, although the
average values were lower than in the B forest. This result regarding the AGB could be influenced

by the variance within the habitats and the different samplirftpe per habita, therefore
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further investigations must be carried out.
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Figure2.6. Pearson coefficient correlations in forested habitat (p<0.05). codes for the variables included (SD_trees:
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Figure2.7. Principal component analysis using OC stock values and environmental features at the Troodos
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A Principal component analysis (PE#,2.7) was undertaken to disentangle the correlations
among all the variables and accounted for the 60% of the variability in our study area. Three
clusters emergedThefirst exhibited a positive correlation between AGB and soil OC stock, and
the BA The second cluster showed a positive correlabetween elevatiorand litter OC stock,

and a negative correlation with the third cluster, composedh®y correlation ofslope and pH.

5. Discussion

5.1 ADAMELLO REGIONAL PARK
5.1.1. Environmental feattes
Our findings revealed thathe Adamello resulted in some recurrent soil types, which were

Umbrisol, Cambisol anBodzols. We found that Umbrisols werepresented in almost each
habitat, with the exception of the Larch forest, that was mostly composed by Podzols and
Kastanozem. Cambisols were highly present in chestnut forests and mixed deciduous forests.
Regosols, which resulted in the lowest OC statlksoils, were strongly related with green alder
shrublands, that are generally situated on s#epnd rocky surfaces, however in this habitat also

soils such as Umbrisols and Podzols were found.

Forest structure variedonsiderablyamong he habitats, and we found the highest BA values in
spruce forests, whereas the mixed deciduous forest resulted in the lowest BA. The latter is a
habitat mostly composed of a mixture d¢fraxinus excelsip Fraxinus ornus, Salix caprea,
Castanea sativa, Acer pseudoplatanasd Corylus avellanaWe hypothesisethat these
differences may be due to the usage of the area, in terms of timber harve@fiomunita
montana dell Valle Camonica, 20,18hd to the age of the forests. This result was also reported

in the forest inventory of other region§istema Informativo Forestale Regionale (SIFOR),,2020)
however further investigation must be carried out the establish the causes. Moreover, in this
study, tall shrubs were not included in the SD calculations, as we included plants with a diameter
greater than 10 cm, but individuals were counted in ordeh&wve an overall description of each

plot and to identify possible descriptive differences within the same habitat category. Hence, the
mixed deciduous forest resulted in low values of stem density if compared to the other habitats,
but it is important to underline that further studies on the abundance of shrubs and undergrowth
should be undertaken to have a better characterisation of such a complex habitat. Larch forests

resulted particularly poor in terms of number of trees, both for their intrinsic charatics and
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because at the Adamello it turned out that larch forest was less abundant than the quantities
described in the habitat map, and particularly sparse in tree coverage. This habitat on situ often
resulted in a mixture withPicea abiesfor this reason, according to the measured Relative
Dominance, some habitats were reclassified from larch forests to mixed coniferous forest. Thus,
we suggest that a new habitat classification must be carried out, in order to refer to a precise

spatial dstribution.

5.1.2. OC stock and correlation tivienvironmental features
This study showed that coniferous forests were the forest habitat that stocked the highest

amount of OC in all the three pools. At the Adamello Regional Park we found that the soil OC
stock accounted the 61% of the total carbon stock, resulting in theeligétocking pool of the

area, whereas AGB contained the 33% and litter the 5%. The mean values for OC stock were
slightly higher than those reported in the National Inventory of Forest and CdfBasparini &
Tabacchi, 2011goncerning AGB and soil. We address this results to the different scale of the two
studies: our was local and within a protected area, while the INFC study was regional, with fewer
plots and including more heterogeneous habitats with different environrakobnditions. Tree
composition may affect soil carbon stock in foreddmiarteet al,, 2016) but we did notdetect
significant differences in the overall OC stock in soils, except for the first mineral layer. However,
it resulted that the highest values were among coniferous forests habitats, as previously reported
(Jandlet al., 2021) After mixed coniferous forest, grasslands were the second habitat to stock
the most OC in soil. Grasslands have been often overlooked in the OC assegSvaedet al,

2014) but they represent a fundamental and extended habitat in alpine environments, and
showed a huge carbon stock within their soils. We obtained statistically significant differences in
the OC stock in soils according to the soil type: Umbrisols, Podzoamnbisols resulted in the
highest stocks, and differed significantly from Regosols.réhidt suggests that concerning OC
stock in soil, the habitat description that only relies on the vegetation coverage may be not
efficient for understanding how thetack is spread, whereas a classification according to soil

types may be more informative on the actuslilcarbon stocKCanedolet al., 2023)

Coniferous forest stocked most of the AGB OC stock, followed by chestnut forests. In general,
the values obtained were slightly higher than the INFCa@sparini & Tabacchi, 201 Bpart
from larch forest exhibited slightly lower values than the INFC, resulting in least stocking habitat

within forested habitats. We address this result to the peculiarity of the study area, which, as
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stated previously, resulted in sparse larch forests with small stems. Through the analysis of the
correlations, we found that the elevation positively correlated with the OC stock inT$od

result was alreadyletectedin Alpine environmentgPrietzel & Christophel, 2014; Simenal.,

2018; Canedolet al, 2023) and explainable with the decreasing temperature along the
altitudinal gradient that reduces decomposition of organic matter, leading to greater OC stocks
(Rodeghiero & Cescatti, 2005; Garten & Hanson, 2006; &aslhj 2016) The OC stock in soail

and litterwaspositively correlated with the lowest pH values, this result may be explained again
by the reduced microbial activity related to more acidic fitloet al, 2016) and generally
associatedvith coniferous forests. The AGB OC stock negatively correlated with higher altitudes,
that at the AD are dominated by green alder shrublands and larch forests, while the highest
stocks werdound in intermediate elevations, in which spruce forest and mixed coniferous forest
were present.The organic carbon (OC) stock values in the soils fell within the range reported by
previous researchers. However, they were slightly lower than the average values found in studies
conducted in the German Alps by Prietzel &ittistophel (2014), where the average OC stock in
soil was 10Mg hat, and in Trentino Alté\dige by Rodeghiermt al. (200976 Mg ha'), reaching

an average of Mg hatin our study(down to 30cm depth)similarly to the 70 Mg hbidentified

in French soils by Arrouays (1999ur values were also somewhat higher than other estimations,
like those by Panagos et al. (2013b), who reported an average OC stock vatuelgha? for

the entire country of ItalyThe observed variation in soil carbon cemnt, which can fluctuate

even on a millimeter scale according to Schrumpf et al. (2008), primarily accounts for the noted
discrepancy. Additionally, specific attributes of the study area, the historical context of the
studied forests and their land use, @hresolution of our study, and methodological factors
contribute to this divergence. The average aboveground woody biomass (comprising stems and
branches, excluding shrub biomass) measured at 81.4 Mgchusely aligns with comparable
values reported in &many (81.0 Mg h8 by Baritz and Strich (2000) and in another Italian
region, Trentino Alto Adige, where it amounted to 85.8 Md ha documented by Rodeghiero

et al. (2009).

5.2TROODOS NATIONAL FOREST PARK
5.2.1. Environmental features
At the TroododNational Brest Park, it emerged that the vegetation belts were situated in distinct

elevation ranges, with the exception of the mixed hahit#s for the previous study area, tall
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shrubs were not included in the calculation for the SD, but branches with a circumference greater
than 10 cm were counted, particularly @uercus alnifoliawhich was a widespread species
across the habitats. Hence, this count was used only for a classification of the habitats, in fact we
divided habitats into pure pine forest and pine forests associated @itinifolia Also, the other
structural indices did not result in significant differences, and this could be becaasnilafrities

in the age of feests(Ciesla, 2004 and the presence of the same recurring species in all the
habitats. However, we detected that forests composedPyus nigrehad generally higher BA
values, as reportegbreviously(Evrendileket al, 2006) Moreover, the special conditions on
Troodosmassifwere created by the shade intolerance®iigraand theevenagedstructure of

the forest thussmall diameter trees were almost absent in fRaigraforest(Raptiset al,, 2021)

In addition, bothPinus nigraand Pinus brutiawere planted and managed for timber provision,
and the differences in within the habitats are fefritish colonisation in 1878 caused severe
forest degradation in Cyprus. However, in the 1950s, there was a major initiative to restore the
forests through widespread planting dPinus brutiatrees (Walker, 1936; Ciesla, 2004)
Differences between the two can be found in other environmental features, that were not
measured directly in the study: theinus nigras related to higher elevations and precipitation
regimes (80€L000 mm annually), whereaBinus brutiais located at lower elevations and

reduced precipitation regimes (4500 mm annually]Ciesla, 2004)

5.2.2. OCstock and correlation with environmental features
In this studyarea,we found that the AGB was the pool that stocked most OC, and soil stocked

amounts that were, in some cases, half of the AGB stockiparisons with other studies in the
Cyprugregion posé challenges, given that Cyprus is still in the early phases of ES assessment, as
highlighted by Vogiatzakis et al. (2020). Additionally, most data in the area are derived from
indirect measurements, such as the TESSA Toolkit (Manolaki & VogiatzakisP2@pitg these
challenges, our study identified similarities in aboveground biomass (AGB) with Kounnamas &
Andreou (2022), who estimated a carbon storage of 73.18 Mgrhalants. In our investigation,

we found an average AGB d Mg hal. It's crucial to note that our focus was solely on AGB of
tree-dominated species, excluding the shrub componeQuércus alnifolin In contrast, the
previous study considered the total AGB, encompassing shrublands, wetlands, and grasslands
even though an average value of 73 Mgtas found for all the tree dominated habitats in their

study. Therefore, further studies are imperative to elucidate and address any discrepaAcies
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study conducted on the Mediterranean side of Turkey by Evrendilek et al. (2006), which shared
similar vegetation characteristics, highlighted an average organic carbon (OC) stock value of 83
Mg hatin the aboveground biomass of coniferous forests. Notably, the average OC stock in the
soil far exceeded the values observed in the Troodos region, reaching an average of 118 Mg ha
in Pinus brutidforest. This value was more than double the 40 Mg hecorded in the Troodos,

underscoring a substantial dispigrin soil organic carbon content between the two regions

This could be due to the fact that soil carbon stock is strongly related to temperature and
precipitation regimes(OlayaAbril et al, 2017) however, despite being in a Mediterranean
island, the Troodos mountains areharacterisedby the highest mean values for annual
precipitations (1000 mm{Nikolakis, 2007)However, no statistically significant difference was
detected among the pools, this could be attributed to the fact that, although there are
differences in the environmental features (such as elevation and precipitation regimes), these
habitats share mansimilarities as they are composed of coniferous trees with recurrent species
Additionally, the area size is smaller compared to the previous study area, resulting in less
variation than the previous study area that included broadleaves and grasslamtiserimore,

as there is no allometric equation available €@ualnifolia,it is plausible to suggest that this might
result in some variances across mixed habitats compared to pure Desgpite this we found
some differences that were interesting to further investigate. Litter OC stock was higher in
habitats in whichPinus nigrawas presentand might be relatedo the characteristics of the
needle or the seasonality(TaskinstMeydan et al. 2010) since fieldwork activities were
conducted during late Oober and during a particularly cold and rainy year, hence further
investigations must be carried out to understand the reasons of this discrepanties.
toughness results from a higher content of lignin and other complex organic compounds, that
reduce the degradation by microbes and environmental featu@esthe contrary, we found that

the highest AGB stocks were related to habitats compaxe@inus brutieand Pinus nigrawith
Q.alnifolia(NBQ). Thisesult must be further investigated, adding otherdfieneasurement, since

it emerged that AGB had a huge variability both in the mixed habitat and theRiantes brutia
forest (B) These habitats were investigated with fewer plots than the Riraigra(N), which

was mapped as the most extended habitat in the study area and exhibited less variance within
its AGB OC stock. In the map provided by the park, these habitae not present, however

during the fieldwork activities these were found recurrently, hence, our sampling design was
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readapted to have an assessment of their characteristics and carbon storage capacity. From the
analyses of the correlations, it emerged that OC stock in litter was strongly related to elevation
and to lower pH, and this again could be attributed to thegamece of thePinus nigraat the
highest altitudegCiesla, 2004)n this case we did not find any correlation with elevation for the
OC stock in soil, and this might be due to the reduced elevation ramgenfpared to an alpine

area

6. Conclusion
In this study, we assessed the carbon stock of two mountain protected areas, determining the

distribution among habitat types and carbon pools. Alpine and Mediterranean mountain areas
are environmentally diverse areas, and through the correlation with environmentalifest it

was possible to give insights on how these and the carbon stock correldtede assessments
not only help us quantify the carbon stored within these ecosystems but also provide
fundamental information on areas that are highly vulaele to the climate change.
Understanding the dynamics of carbon storage in these environments enables us to implement
targeted conservation and management strategi®g.safeguarding thesmnvironments we can
simultaneously protect biodiversity, preserve natural heritage, and contribute significantly to
global carbon sequestration effort$-urther studies should be carried out to determine the
hierarchical relevance of the correlations found and their caef$ect relationships, to
implement the knowledg on such a complex process and develop models on carbon stock

distribution.
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Supplementary materials

Legend

Acer and Fraxinus forest
A viridis shrubland

I Chestnu forest
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I spruce forest

Prairies

4400 2200 0 4.400 Metri
I N

Figure 2. 1. Habitat map of the Adamello Regional Park, showing the most representative habitats and plots (red:
2021, blue:2022). Mixed coniferous and broadleaves forest were not indicated in the map and classification was

carried out using isitu data.
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Legenda

A Plots

Pinus brutia mixed O.alnifolia
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Figure S2. 2. Troodos habitat map provided by the Park

Table S2.1. Allometric equations used for the estimation of the biomasses in this, stindye W1 is the phytomass
of stem and branchegg), M is the total AGBhytomass (kg)DBH is the Diameter at Breast Height (cm), and H is
the height of the tree (m)

Species Allometric equation Source
_ _ Wp ooy owrpnmO6 ™M e’ Yo Gasparini
Picea abies }
pTT'O0 @ et al., 2006
. . Wp PX QTE@ TT pBop FP T OO TN Gasparini
Larix decidua 3
p&y ¢ PO O et al., 2006
. Wp WOFEpT pFOoPpTO6 M Gasparini
Abies alba 3
P8 Yu3p m O0 O et al., 2006
) _ wp oD X P P8 T ZMm OO M & m 12 Gasparini
Pinus nigra
pmt 060 et al., 2006
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' ' Gasparini
Pinus sylvestris| wp X oaEemnm pAT F mMO6 M

et al., 2006
. , ; Tabacchi
Salix caprea wp YWpuren pHPoEemn OO0 M
et al, 2011
_ wWp PoEpem P8 P MO0 M Gasparini
Salix glabra )
18 cogemO0 O et al., 2006
Salix wp PoFem P8 P MmO M Gasparini
appendiculata |18 c @ mM'0O6 O et al., 2006
Acer ' 3 Tabacchi
wp Wyxemn Bt EpmnoOod
pseudoplatanus et al.,2011
. ) Tabacchi
Fraxinus ornus | wp TEFEENT oEFpmO0 M
etal, 2011
Fraxinus ) Tabacchi
_ wp @TEENT @oEpm 0o M
excelsior et al., 2011
Betul dul Gasparini
etula pendula | S I
wp Popem PECYPYOEMOOM 1@ o MO0 O etaI.,2006

wp wdTTEPT pPoFP MO M Tabacchi
Castanea sativa

pgog Fp m 00O etal., 2011
_ wp WP TS T PFp mTO0 M Tabacchi

Prunus avium ]

¢® @ ¢gOp O etal., 2011
Laburnum wp THWeuwg TaFp T 200 M Gasparini
anagyroides CO X ¥PmnmO6 0 et al., 2006

wp THWwew TFp T 206 M Gasparini
Quercus spp )

CPp X @ m0o O et al., 2006

wp THWweww TFp T 206 M Gasparini
Quercus rubra

CP X ¥PmO6 0 et al., 2006

op O p wXpBL @ TTO6 CQ Y 1T ¥ o Gasparini
Fagus sylvatica )
pmt 060 et al., 2006

Carpinus o0 Tabacchi
) PO WO TOO T
betulus P P P v etal., 2011



He et al,

Alnus viridis W1(g)=44.06*"DHB*
2018

Table .2. Classification of soil types at the ABd their representativeness in terms of total number of plots and

percentage on the overall study.

Soil WRB Count Percentage
Cambisol 32 28

Histosol 1 1
Kastanozem 3 3

Luvisol 1 1

Phaeozem 5 4

Podzol 27 24

Regosol 8 7

Umbrisol 37 32

Table S2. 3. Values of the OC stock in soils at the AD accordin

soil types

Soil Type Average Min  Max StdDev

Cambisol 8.85 226 1794 3.40
Histosol 5.54 5.54 5.54 0.00
Kastanozem 8.95 7.96 9.51 0.86
Luvisol 7.96 7.96 7.96 0.00
Phaeozem 6.73 2.59 9.17 2.71
Podzol 10.34 3.66 20.80 4.36
Regosol 3.10 0.22 5.95 1.76
Umbrisol 10.37 1.63 17.38 4.24
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Figure .3. Distribution of soil classifications among the habitatshe AD

B Phasozem M Podzol B Regosol W Umbrisal

W Umbrisol
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Table 2.4. Environmental features for the AD

Elevation

Slope (%)

pH

Green Alder Shrublan
Chestnut forest

Larch forest

Mixed coniferous
Mixed broadleaves
Spruce forest

Grassland

Green Alder Shrublan
Chestnut forest

Larch forest

Mixed coniferous
Mixed broadleaves
Spruce forest

Grassland

Green Alder Shrublan
Chestnut forest

Larch forest

Mixed coniferous

Mixed broadleaves

Average
1888
732
1754
1528
1188
1342
2042
Average
37.9
60.2
37.2
49.1
47.1
46.1
35.6
Average
4.4

5.0

4.7

4.7

Min

1573

481

1510

991

882

818

1643

Min

10.0

30.0

20.0

12.0

27.0

3.0

0.0

Min

3.5

4.0

3.6

3.8

3.8

Max

2354

942

2035

2047

1827

1790

2407

Max

74.0

80.0

60.0

109.0

75.0

80.0

80.0

Max

7.3

7.5

6.8

6.9

7.1

StdDev

186.8

188.0

156.8

327.0

383.0

243.3

192.2

SdDev

19.8

19.0

13.3

23.3

17.0

17.6

18.5

SdDev

0.9

1.4

1.0

0.9

1.2
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Basal Aree

(m2/ha)

Stem  Density

(trees/ha)

Shannon Index

Spruce forest

Grassland

Chestnut forest
Larch forest

Mixed coniferous
Mixed broadleaves

Spruce forest

Chestnut forest
Larch forest

Mixed coniferous
Mixed broadleaves

Spruce forest

Green Alder Shrublan:
Chestnut forest

Larch forest

Mixed coniferous
Mixed broadleaves

Spruce forest

4.3

5.3

Average

52.16
36.83
52.46
24.58

52.89

Average

1077.8
454.7
666.7
651.4
723.8
Average
0.5

2.0

0.8

1.0

3.5

4.0

Min

21.21

6.13

8.57

0.84

32.68

Min

822.2

122.2

233.3

100.0

188.9

Min

0.0

15

0.0

0.6

11

0.0

7.6

7.6

Max

67.04

64.91

113.77

65.85

89.85

Max

1711.1

1188.9

1222.2

1555.6

20111

Max

2.5

2.6

15

1.9

2.4

2.1

0.7

11

StdDev

19.2

16.8

28.2

23.7

16.1

SdDev

368.2

287.6

312.5

458.4

468.0

0.6

0.4

0.5

0.4

0.5

0.5
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Leaf Area Index

35
30
25
20
15

10

Average Min

Green Alder Shrublani 2.9

Chestnut forest 34
Larch forest 2.2
Mixed coniferous 21

Mixed broadleaves 1.8
Spruce forest 2.6

Grassland 3.1

0.9

11

11

1.0

1.0

0.8

1.0

Max

8.5

4.6

3.7

5.0

3.4

5.5

7.4

SOIL OC STOCK (kg/m?)

[+]

X

X

SdDev

2.3

1.4

1.0

1.4

1.0

1.4

15

Figure 2.4. Box plot of soil OC stock (kgfjndistribution among habitats at the Adamello Regional Park

71



30

25

20

15

10

Mixed deciduous

AGB OC STOCK (kg/m?)
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Green Alder Shrubland

Larch forest

Figure 2.5. Box plot of AGB OC stock (kg/m2) distribution among habitats at the Adamello Regional Park
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4.00
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Figure 2.6. Box plot of litter OC stock (kg/m2) distribution among habitats at the Adamello Regional Park
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Figure 2.7. PCA of the variables related to forests and grasslands at the Adamello Regional Park

Table 2.5. Environmental features at the Troodos National Forest Park

Elevation

Pinus brutidorest

Pinus brutiamix Quercus alnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

Pinus nigrdorest

Pinus nigramix Quercus alnifolia

Slope (%)

Pinus brutigorest

Pinus brutiamix Quercus alnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

Pinus nigrdorest

Average Min
881 739
1085 870
1454 1304
1713 1598
1387 1337
Average Min
24.00 7.00
41.29 5.00
25.33 14.00
21.57 10.00

Max

1006

1324

1605

1883

1458

Max

40.00

70.00

32.00

32.00

StdDev

134

144

151

100

63

StdDev

16.52

22.46

9.87

8.24
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Pinus nigramix Quercus alnifolia
pH

Pinus brutigforest

Pinus brutiamix Quercus alnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

Pinus nigrdorest

Pinus nigramix Quercus alnifolia
Basal Area (m2/ha)

Pinus brutigforest

Pinus brutiamix Quercus alnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

Pinus nigrdorest

Pinus nigramix Quercus alnifolia
Stem Density (trees/ha)

Pinus brutidorest

Pinus brutiamix Quercus alnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

Pinus nigrdorest

Pinus nigramix Quercus alnifolia
Shannon Index

Pinus brutidorest

Pinus brutiamix Quercuslnifolia

Pinus nigraand Pinus brutia and Quercus

alnifoliamixed forest

33.33
Average
7.13

7.09

6.56

6.75
6.72
Average
32.06

26.05

45.74

45.40
42.48
Average
270.37

338.10

496.30

561.90
362.96
Average
0.34

0.41

0.60

25.00

Min

6.93

6.84

6.29

6.20

6.59

Min

17.03

13.11

16.86

30.77

25.42

Min

188.89

133.33

188.89

122.22

155.56

Min

0.04

0.22

0.44

45.00

Max

7.25

7.26

6.86

7.29

6.93

Max

45.52

36.60

84.12

63.40

52.63

Max

400.00

833.33

800.00

1144.44

544.44

Max

0.53

0.52

0.71

10.41

StdDev

0.17

0.16

0.29

0.33

0.19

StdDev

14.31

9.58

34.62

11.68

14.86

StdDev

113.49

226.34

305.57

331.65

195.74

StdDev

0.26

0.11

0.14
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Pinus nigrdorest 0.16 0.00 0.29 0.11

Pinus nigramix Quercus alnifolia 0.44 0.29 0.52 0.13
BQ N
W Cambiscl W Regosol W Cambisol W Regosol

NQ NBQ

W Cambiscl m Regosol W Cambisol mRegosol

mRegosol

Figure 2.8. Soil types (WRB) per habitat (%) at the TRD
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Figure 2.9. Box plot of soil OC stock (kg/m2) distribution among habitats at the Troodos National Forest Park
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Figure 2.10. Box plot of AGB OC stock (kg/m2) distribution among habitats at the Troodos National Forest Park

76
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Figure 2.11. Box plot of litter OC stock (kg/m2) distribution among habitats at the Troodos National Forest Park
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Figure S.22. Results of the forest structure analyigisthe Mixed deciduous foreshdicating the number of trees
per species (A), number of trees per species and diameter class (B), percentagepef igneter class (C) for all

the trees in the habitat, and percentage of trees per diameter class for the most abundant specie (D).
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Figure S.23 Results of the forest structure analysis for @feestnut forestindicating the number of trees per

species (A), number of trees per species and diameter class (B), percentage of trees per diameter class (C) for all the

trees in the habitat, and percentage of trees per diameter class for the most abundant specie (D).
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Abstract

Alpine protected areas (PAS) provide a wide range of ecosystem services, with climate regulation
being one of the most significant. There is an urgent need to correctly manage these areas in
order to maximize biodiversity conservation and the supply ofsgstem services. To achieve
efficient management and decisianaking processes, it is crucial to first assess the current
supply of ecosystem services and to have a basic reference for monitoring activities. Various
approaches can be used to evaluate tlienate regulation service, defined using organic carbon
stock as the indicator. In this study we sought to use three of these approaches, namely fieldwork
data collectionthe national inventory and the TESSA toolkit, to evaluate the outcomes of each,
and to consider the possible discrepancies. Our findings revealed that the TESSA toolkit was the
approach which took leagime and consumed the fewest resources, but that it overestimated
organic carbon values in most situations. Fieldwork data collectionthesnost time and
resourceintensive approach and it provided the highest level of accuracy in our results. The
national inventory of forests and carbon yielded similar values to the fieldwork, tataever

the organic carbon stock in grasslangas notin the ains of the INFC, hence no data on
grasslands were availabl[EESSA depicted qualitatively the same OC stock distribution across the
habitats but yielded almost twice the amount for the OC stock in all the habitats. As a result, we
propose different applications for these approaches, considering the advantaged
disadvantages of each. Specifically, we suggest using the TESSA toolkit for preliminary screening
of a study area to identify potential areas of ecosystem services supply, while more precise but

demanding approaches should be employed for local studies
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1. Introduction
Protected Areas (PA) play a fundamental role in the supply of many Ecosystem Services (ES)

(MEA, 2005; Eastwoaat al., 2016) ES are recognized as valuable conservation tools that support
policy makers and managers in decisimoaking and monitoring activitig€&soldmanet al., 2008;
Goldman & Tallis, 2009; Duare al., 2016) Due to their relevance, there is a growing demand

for their evaluation, even within national and local policies. However, although ES were
introduced to the public over two decades affoostanzat al, 1997) still there is no common
agreement on the indicators and the methodologies to be used for their evaluéBiagstacet

al., 2013) leading to norstandardized descriptiond@Boyd & Banzhaf, 2007Egohet al,, 2012;
Czuczt al, 2018)and to uncertainties regarding the magnitude of ES supply. Alpine areas are
crucial for the provision of ES that support human wellbdi@getRegameyet al., 2012a) but

they are also highly vulnerable to the effects of climate chaiig€C, 2022Hence, it is essential

to understand how ES are provided by these areas and how to support and improve their supply.
Among the multitude of the ES provided by alpine protected areas, we focused on the climate
regulation service, due to its fundamentalean mitigating the effect of climate changes and the
lack of a precise evaluation of it in alpine areas, particularly in(&aisedolet al., 2020) Among

the numerous indicators for estimating climate regulation, the organic carbon (OC) stock is the
most used in the scientific community and the most fitting to the description of the climate
regulation servicéCanedolet al)). Multiple approaches exist for the evaluation of OC stock, from
fieldwork activities to remotely sensed data collectigvieersmanset al., 2012) However, the
choice of the approach to use relies on the scope of the study, the resolution desired, the study
FNBFQa aAl S FyR (GKS FFT@FAfFo6fS NB&A2dzNDSad | A3IK
an appropriate description of the current stet of an area, but these are generally time and
resources consuming. In some cases, limited resources may hinder the choice of higher resolution
for the studies(Peh et al, 2013b)and costeffective tools and more general but quick
descriptions may be more suitable for the area management and monitdiManolaki &
Vogiatzakis, 2017Another key factor is the output resolution, which may vary, either depending
on the extent of the study area or the peculiarity of the stfdjaage & Stewart, 2008)Ve were

interested in understanding how the methodologies chosen can affect the outputs in the OC
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stock evaluation, in order to achieve an accurate description of the OC stock and to better
develop informed management strategies. We then considered that depending on the purpose
of the OC stock evaluation and the study area, one methodology could bergioée to another

to achieve the most suitable description within a specific time and budget. In this study, we aimed
to i) identify the differences in the OC stock using diverse approaches on diverse habitats within
the study areas, and ii) to reach cdugions about the effort for obtaining the outcomes for each
approach. We evaluated the average OC stock in three carbon pools (aboveground biomass, saill,
litter) across the most representative habitats of our study areas, located in the Italian Alps (Gran
Paradiso National Park, Adamello Regional Park) using three different approaches: a) fieldwork
data related to an ongoingesearchline of the laboratory of Ecology at the University of Milano
Bicocca, concerning the evaluation of iB®rotected areasn the Alps(Canedoliet al., 2020;

Rotaet al,, 2020), b) data from the Italian National Inventory of Forests and Carbon (INFC 2005)
(Gasparini & Tabacchi, 201t) ESSAoolkit(Pehet al., 2013a) a widely used toolkit for the

rapid assessment of ES. We aimed to investigate the differences between using these diverse
approaches and to analyse the outcomes of each the methodologies, in order to provide
recommendations for ES evaluation within thenstraints of available resources and time, while
achieving a proper description of the OC stock. We did not seek to evaluate which approach is
superior in a general context, but rather to investigate the resolution of the results, also
considering the dbrt required for obtaining them, aiming to elucidate advantages and
disadvantages of each approach, and to provide an informed baseline for deciding on different

approaches for future OC stock evaluations.

2. Materials and methods

2.1.Study areas
The study areas are two protected alpine areas in the North of Italy, the Adamello Regional Park

(AD) and the Gran Paradiso National Park (GP)3(E)gThese specific PAs were selected due to
their comparable environmental characteristics, including elevation range, vegetation cover,
climate, and soil types. Moreover, both areas are included as part of a broader project on the

assessment of ES withimountainous protected areas.
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Figure3.1. Map of the study areas, in the west the Gran Paradiso National Park, in the east, the Adamello Regional
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2.1.1. Adamello Regional Park
The Adamello Regional Park (AD) was established in 1983 under regional law no. 79/1983. It is
situated in northern Italy in the Rhaetian Alps, within the Lombardy region, with elevations
ranging from 390 to 3,539 m.a.s.l, the peak of Adamello being iekigoint. The park, covering
an area of 51,000 hectares, is situated between two National Parks: the AdaBnetita
National Park and the Stelvio National Park, and borders the TrentineAdlge region to the
east. The park displays a varied vegetaticover which mirrors its vast range in altitude. It hosts
broadleaf forests in its lower altitudes and coniferous forests and alpine grasslands at an

elevation beyond 2,000 m.a.s.l.

2.1.2. Gran Paradiso National Park
The Gran Paradiso National Park (GP), situated in the Graian Alps, and founded in 1922, is the

oldest Italian National Park. Its history is related to the protection of the alpine apré ibex
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from extinction during the XX century and it was donated by the king to the Italian state by a
Royal Decree. It is regulated under the Framework Law 394/91. Its area is approximately 70,000
ha, covering two regions Piedmont and the Aosta Valleyand itselevation ranges from 800 m

a.s.l. to 4061 m a.s.l., reached at the peak of the Gran Paradiso mountain. As with the AD, the
vegetation cover is related to the elevation range, starting from broadleaf forests to coniferous
forests and alpine grasslands.€limost representative habitats in this study area are larch forest,
spruce forest, alpine grasslands, mixed coniferous forest, chestnut forest and mixed deciduous

forest.

In this study we will consider the GP as divided into two separate areas according to the regional
boundaries, for the following reasons. Firstly, the INFC evaluated the OC stock using a regional
approach, and since the GP covers two diverse regions, Iiveave diverse OC stock values for

each pool and habitat. Moreover, the regions of the Aosta Valley (AV) and the Piedmont (PDM)
have slightly different environmental characteristics, e.g., the rainfall regimes. Additionally,
according to the IPCC ecolaglizones, the PDM region comprises warm temperate moist, cool
temperate moist and warm temperate dry zones, whereas the AV is characterized by cool
GSYLISNIGS Y2Aald FyR LREIFIN Y2Aadz S@Sy (GK2dzAK
temperate mountan system, but these discrepancies may affect the INFC values. Consequently,

we will treat the PDM and AV as separate entities throughout the study, except for visual

representations.

2.2 Data collection
2.2.1. Fieldworkactivities
The investigation of the GP took place between 2017 and 2020, while the study of the AD was

conducted from 2021 to 2022. Data collection was done during the summer from June to August,
due to the accessibility of the areas. First, we selected the moshdetk habitats of the study
areas (Table.1), in order to yield aepresentative description of each PA, selecting only the
habitats that covered at least 5% of the total argsee Chapter 2, cfr. Paragraph 2.2The
baselines for our selection were tinabitat maps provided by the PAs. However, these were not
homogeneous between the PAs and, for this study, we tried to create similar categories. For
instance, at the GP there was a differentiation in the description of the grasslands, which involved

disciminating between calcicolous and acidic grasslands, whereas at the AD, the maps did not
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include grasslands, thus we obtained these data from the LULC map of the Lombardy region.
Nevertheless, during the fieldwork data collection and analysis, we took care to include in the
habitat description only the habitats that reached 97% of relative thamce of the
corresponding dominant species. The habitats chosen for both PAs were grasslands, mixed
deciduous forests, chestnut forests, mixed coniferous forests, spruce forests (composed mostly
by Picea abies.), and larch forests (composed mosthafix deciduaMill.), while at the AD we

also included the green aldeshrublands Alnus viridis For the purposes of this study, we

considered the habitats that had at least three plots sampled in the fieldwork campaigns.

A total of 258 plots were examined, with 49 plots in the PDM, 95 in AV and 114 at AD. Each plot

was 30x30m in size, chosen through a stratified random sampling design.

Table3.1 Description of the habitats sampled using the classification for TESSA, fieldwork and the INFC, and their

extent in ha.
Area
Ecological . | Area AD| Area AV
Type Habitat type INFC habitat PDM
zone (ha) (ha)
(ha)
Chestnut
Chestnut forest 1674 - 236
forest
Larix
deciduaand
Larch forest Pinus 5309 4244 2648
cembra
Temperate | Tree
) ) forest
mountain | dominated
system habitat Mixed Other
_ 961 299 2006
deciduous broadleaves
Mixed Other
- 973 125
coniferous coniferous
Spruce
Spruce forest 9136 265 129
forest
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Shrub Alnus viridis
- 4749 - -
dominated | shrubland
Grass
Grasslands - 9136 7692 9392
dominated

Data on soll, tree aboveground biomass (AGB) and litter were collected according to Canedoli
(Canedolet al., 2020) Mineral soil was collected at three standard depthsl(Ocm, 1620 cm,

20-40 cm) in three repetitions in each plot, thus a composite sample of each depth in the plot (ca
100 g) was created. Thus, soil samples were analysed, and thddmdky (BD) was calculated
using a site specific pedotransfer functswbtained from the samples collecté@fr. Chapter 2)
Eventually, the amount of OC stoddd ha') was calculated using a specific equation which
included bulk density (BD), rock fragments volume and the organic carbon content (%). Samples
of organic layers were collected from three layers: OL (litter), OF (fragmented), OH (humus), and
from these,the carbon stock was calculatellg ha'). Data on AGB were referred to each tree
with adiameter above 10 cm included in our plot, of which we described the species, height and
Diameter at Breast Height (DBH), at the standard height of 130 cm. Using the appropriate
allometric equation for each tree (Table S1), we estimated the biomass @agbfplot, and then

using the conversion coefficient from the IP@QQG03)we obtained the OC stockig hat).

2.2.2. National Inventory of Forest and Carbon (INFC)
The National Inventory of Forest and Carbon pools (INFCZ@sparini & Tabacchi, 2011)

isthe national inventory which collects the information regarding the state of the natural capital,
and assesses and monitors GHG emissions, according to the Kyoto Protocol. It includes quantities
of OC stock in three diverse pools (mineral soil, litter and aleoveground biomass), collected

at a regional scale. Data in the INFC weoHected in forested habitats only, thus no data on
grasslands were available from this methodologiie INFC employed a thrpdase sampling
design, with the initial tw phases focused on estimating forest area and classifying it, while the
third phase centred on collecting dendrometric dedad soil data Sample points, totalling
approximately 301,000, were chosen across the Italian territory using orthophotos. In the second
phase, a subsample was randomly selected for both forest and other wooded land, proportionate

to the extension of the Italian regienThis involved an evaluation to identify the forest type and
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subtype. Finally, the third phase involved quantitative data collection on vegetation, deadwood,
litter, and soil, engaging more than 100 crews comprised of two or three oper@ialsmcchi et.
al 2007). Further details on the methods used for the INFC are available at

https://lwww.inventarioforestale.org/ittdocumentazione/ The methods used for the

guantification of organic carbon stored in the INFC were comparabtee methods we used

during our field activities, with the exception of the standard sampdiegth of the third layer of
mineral soil samples, which reached a maximum of 30 cm in the INFC. The OC stock data in the
fieldwork were adjusted to a depth of 30 cm, finding the linear or-finear model for the SOC

content and reported our data to a dépof 30 cm, to allow comparisons with the INFC.

2.2.3. TESSA Toolkit
The TESSA (Toolkit for Ecosystem Service Assessment) toolkit was designed -fiseadlger

guide for aquick ecosystem services assessm@drredoet al, 2015) and for monitoring
purposes(Maeset al, 2013) The toolkit is crafted as a stdyp-step framework, guiding users
through a series of questions. Its strengths lie in its #isendly design, making it accessible to
non-experts for evaluating ecosystem services (ES). The toolkit's simplicity enabtsstaise
assess ES effectively by suggesting specific methodologies. Methods include collecting new data
or using existing datasets. Tessa toolkit is designed to support nature conservation strategies and
enhance the management afiverse areaslt serves a a practical guide for monitoring and
assessing ecosystem services at a&itel t S® / 2y AARSNAY3I GKS G3If 2061
included in TESSA, the key step is the identification of habitats or land uses, which are considered
the main factor affecting the OC stock. Hence, the steps of the climate regulation methods are
guided by some decision trees, and key questions to help the user in the decision fPeess

et al. 2013)

The toolkit multiplies the values of OC stock for the specific LULC (Land Use and Land Cover) by
the area. First, we converted our LUCL classification into TESSA habitat types, according to the
IPCC 2006 and FAO ecological biomes (TabjeThe study areas considered were included in

the ecological zone of Cold temperate moist according to the IPCC ecological zones and
Temperate mountain system, according to FAO ecological zones. We then applied TESSA Version
2.0, in order to estimate thealues of the cdon stocked in the three carbon pools: (a) AGB using
Method 2, (c) Dead wood and litter with Method 6, (d) Mineral soil using Method 7. We

proceeded as indicated below.
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Method 2 ¢ Above ground biomass

Method 2 leads to the estimation of aboxggound live biomass carbon stock using IPCC tier 1
estimates. Aboveground live biomass in t@d@minated habitats in our study area was referred

to Table 4.8 (aboveground biomass in forest plantations) in Chapter 4 of the IPCC (2006), and the
estimation was mainly based on the locatiadhe age and coniferous vs broadleavd$e
selection of plantations instead of natural forest relies on the history of PAs forests, which have
been mostly managed for human activiéiehowever we acknowledge that this could be an
approximation, but that led to the discrimination of forest types and a better result than
considering these forest fully natural. For instance, the AD was highly managed and disturbed
during world war Il anglantations occurred during Fascism. The age of the forest was considered
as >20 years, except for green alder shrubland, since this is a fast growing species and it is feasible
to be a younger forest.For grassland, there were no values in the refeehPCC table for the

AGB, meanwhile green alder shrubland was considered as a broadleaf forest < 20 gears. T
calculate the total abovground live biomass carbon stodkd ha?) of the habitat, we multiplied

the total aboveground live biomass with the conversion factor of 0.5 for tdEgninated forest

plantations.
Method 6 ¢ Litter and deadwood

We estimated the dead organic matter (litter and dead wood) carbon stock using IPCC tier 1
values from Table 2.2 in Chapter 2 of IPCC (2006) for litter in tree dominated habitats, whereas
for grasslands there were no existing data from the IPCC. Referrihg ecological zone of Cold
temperate moist we obtained an OC stock of MI§ ha' for broadleaves and 281g hat for

needleleaf/evergreen forests.
Method 7 ¢ Mineral soil

Estimating Soil Organic Carbon Stock in mineral soils, we used the IPCC tier 1 soil carbon inventory
method. Since the climate and the soil types of our study areas were available, we used as
reference the Table 2.3 in Chapter 2 of IPCC (200&).soil types we collected were identified

as High Activity Clay (HAC; Leptosols, Phaeozems, Cambisols, Umbrisols, Regosols) and Podzols.
In our study areas, Podzols were mostly represented by Larch Forests at the AD, and spruce forest

at the GP (both A¥ind PDM), \uereas the HAC were all the remaining habitats.
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2.3 Data analysis
We conducted a twdailed Ttest for each approach to detect the statistically significant

differences between the mean values of OC stock in each habitat and method. Furthermore, we
compared the total of OC stock, obtained by the sum of each pool inabiah, across different
approaches, aiming to identifgroportions how the outputs could be relatezhch other (e.g.,
proportions) To determine the minimum number of plots required for fieldwork, we randomly
selected OC stock values from each habitahgshe software R, version 4.3 (Allaire, 2012)
FYR GKS TFdzy OU A2y ANelraNdoihlySektraadied SequnsdsBf 3 piaisy 5/plots,
10 plots, and 15 plotg where feasible- for each habitat, repeating the process 10 times. We
calculated the absolute error compared to the average total value per habitat and quantified the
mean absalte percentage error (MAPE) to evaluate the extent of change with increasing
sampling effort. We considered a threshold of 5% as an acceptable error, indigdtioh

number of plots was enough for the descriptiohthe habitat.

2.4 Mapping
Maps are an essential tool used to represent spatial information and to aid decision makers and

managers in identifying areas with high carbon storage potential and in developing specific
strategies to protect and enhance the ES supply. Hence, three meps akeated using the

software ArcGigBooth & Mitchell, 2001)one for each approactgssigning to each LULC class

the corresponding average OC stock value. This approach is comparable to using InVEst 3.10.1
(Zhaoet al., 2019)a spatially explicit software by the Stanfapdsed Natural Capital Project for
assessing ecosystem services, which is one of the most commonly used types of software for OC
stock maps creatioand for ES and their trade off estimatiowe preferred using ArcGis rather

than InVest due to its versatility and possibilities for the elaboration of mEpsareas belonging

G2 0KS Dt3X t5a FyR '3 gSNB YSNHSR F¥2NJ 46KS Yl
We obtained an output map for the spatiabttibution of OC stock in each methodology, and we

attached a habitat map for each PA as reference map for data interpretation.

3. Results
As the main result, we detected differences in outcomes between fieldwork, the INFC, and TESSA

(Table S2). Specifically, fieldwork and the INFC approaches showed greater similarity, while TESSA
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consistently led to an overestimation of the OC results. However, depending on the study area,

more similarities can be found between the approaches.

At the AV (Fig3.2), regarding the AGB, we found more similarities between TESSA and fieldwork,
rather than with the INFC approach. This could be attributed to the fact that for the AV the INFC
had giverlower values and incomplete data, particularly for mixed coniferous forests. In AV the
two tailed Ttest (Supplementary Materials, Table33.]) resulted insignificant differences
(p<0.05) between the AGB calculated with TESSA and INFC, whereas no significant differences
were detected with the other methd. Concerning soil and litter, no significant differences were
found between fieldwork and INFC, whereas TESSA gave significant differences with both
fieldwork data (p<0.005) and INFC data (p<0.05). An overall overestimation of values was
encountered usig TESSA, patrticularly at the AV. TESSA yielded more than double the total OC

stock in almost every habitat, compared to fieldwork.

At the PDM (Fid.3), we observed that the AGB values showed more similarities betVESSA

and fieldwork whereas no statistically significant differencessulted among approaches.
Concerning soil, we found significant differences betwddeSSAlata and the other two
approaches, with lower values in the fieldwork data. Regarding litter OC stock, significant
differences (p<0.05) were observed between TESSA and INFC values. Conversely, greater
similarities were found between INFC and fieldworkadathe PM results were particularly
interesting for soil OC, as we encountered significant differences between the fieldwork data and
the other approaches, resulting in lower values for the soil samples collected directly from the
area. Despite the INFC givingvkr values than TESSA, more similarities were found between
these two approaches rather than the fieldwork. This aspect could be attributed to the diverse
resolution of the approaches, with the INFC being a regional study, and fieldwork a very local

resoluion study.

At the AD (Fig3.4) we detected significant differences (p<0.05) in the mean values of soil OC
stock between TESSA and INFC, in litter values between fieldwork and TESSA (p<0.005), and in
AGB between TESSA and INFC data (p<0.05), whereas for theatdgories,no significant
differences were found. In this case, for instance for AGB, the data collected in the field had
average values between those of TESSA and INFC, in fact our field data collection resulted in

higher values than the INFC but lower \eduihan TESSWAgwever no significant differencegere
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found for this pool Nevertheless, in soil we found lower values in our fieldwork data rather than
from the other two approaches, particularly for the chestnut forest, from which field results on
average gave 51Mg ha'of OC stock, whereas in the other two approaches, this reached a value

close to Mg ha'.
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Figure3.4. Output from each methodology of the average OC stidckh@?) per each pool at the Adamello

Eventually, we produced three maps of the total OC stock for every PA, each corresponding to a
different approach (Fig8.5, Fig.3.6). By analysing the results with a consistent colour scale, we
observed a noticeable visual distinction among the maps, primarily because of the tendency of
the TESSA Toolkit to overestimate OC stock compared to the other two approaches. The first map
utilized the INFC 2005 data and focused only on forested habitats, the second map was generated
using fieldwork data, and théird map was generated using TESSA Toolkit data. Upon comparing
INFC with the fieldwork data, we observed similarities in the magnitude of OC stock, however, a
substantial portion of our study area, particularly grasslands, was not accounted for due to the
absence of values. The PDM and the AV were combined into one m&xX{k-&s they belong to

the same PA. Generally, we obtained the lowest values with fieldwork data compared to the
other approaches. For the AV, the INFC did not comprise mixed corsfeast as well, limiting

the visual description. Nonetheless, across all maps, larch forests and spruce forests were
consistently identified as the habitats most rich in OC, although the estimated values varied. At
the AD (Fig3.5), the map clearly indicated a discrepancy in the sorting of the most stocking
habitats, attributable to the larch forest and grasslanddaict, the larch forest resulted less rich

in OC stock than with the other two approaches. Nevertheless, we found that the maps showed

simiarities in the OC stock distribution across the habitats.
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Figure3.6. Total OC stock at AD using the three approaches.

Furthermore, we were interested in calculating the total OC stock in tonnes, for each PA. Then
we obtained the result by multiplying the area of each habitat in the PA by the corresponding OC
stock value per hectares (Table883). The results showed that TESSA at the AD overestimated
the total OC stock to with a lesser extent compared to the GP (PDM and AV). At the 28)(Fig.
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we found that the Larch forest stored the highest amount of OC, primarily due to its extensive
coverage on the total area, being the second most extensive habitat. However, diverse values
were obtained using the three approaches: the fieldwork data resultea total 0f419,163
tonnes, the INFC provided a slightly higher value with 432,859 tonnes and TESSA yielded almost
double with 882,68 tonnes. In PDM (Fi@.7) the most extensive habitat, which stocked the
greatest amount of OC were the grasslandsfaict, they weredefinitely the most extensive
habitat of the area, reaching more than 9000 ha. In this case we could not refer to the INFC data
since grasslands were not included in that inventory. Nevertheless, TESSA overestimated the
values compared to the fieldwork dat with respective totals 892,24tonnes and 579,315
tonnes. The differences were slightly less pronounced than in the AV. At the ABRQj]Fitpe

spruce forest habitat stored the largest amount of OC, as confirmed by all three methodologies.
In terms oftotal OC stock, we did not identify pronounced differences between the methods in
the AD. The INFC yielded a total of 1,838, tstihes, the fieldwork data resulted in 188,893

tonnes, and TESSA estimated a total of 4,Bd8tonnes.

To better understand the differences between the methods we calculated the ratio of values
using fieldwork data as the baseline reference (Tal88}% since we assumed that data collected

in the field were the closest to the actual values of the area. This enabled us to determine the
variations in the estimated OC stock per habitat in tonnes using the diverse approaches. Notably,
the biggest differaces were encountered in the AV. In this case, TESSA yielded values that were
twice as high as the colleatedata. For instance, the larch forest ratio wa:2.in relation to
fieldwork data. Conversely, the INFC data resulted in a ratio close to 1:1. Similar results were
obtained at the PDM, with TESSA doubling the outcome value, resulting in values between 1.5
and 18 times higher. At the AD we encountered the smallest disparities, although TESSA still

yielded values approximately 1.5 times higher than the fieldwork measurements.
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Figure3.9. Total OC stock (tonnes) per habitat at the AD using the three methodologies

Eventually, as our aim was also to provide suggestions for an efficient ES evaluation, we
calculated the minimum number of plots needing to be assessed for each habitat in order to
reach a sufficient description of the study area while minimizing the &ff@as fieldwork data
resulted in the highest accuracy but was also the costliest approach. This result was obtained by
carrying out a random extraction of the total OC stock value (three pools summed) several times
and calculating the absolute error. Henowve obtained the Mean Absolute Percentage Error
(MAPE), which could be considered an indicator of the variations of the results by increasing the
sampling efforts. We then calculated the MAPE for each habitat, and evaluated the trend
obtained through a eégression analysis (Fig10, Table 8.4). We took as acceptable error a
threshold of 5%. It emerged that for grasslands we needed at least 15 plots per each PA, since
the classification was quite broad and included diverse grassland types (acidiampassl
calcicolous etc.). Larch forest gave different values between AD and AV. Spruce forest and mixed

coniferous forests, where present, both resulted in a minimum sampling effort of 10 plots each.
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4. Discussion
This study aimed to compare three different approaches and to establish differences in the

methods and outcomes in the evaluation of the OC stock. As the mountainous regions, and
particularly the alpine environments, are crucial for the supply of ecosystmvices and are

highly vulnerable to the effects of climate chan@eht ter et al., 2005) there is an urgent need

to evaluate the ES providg@rétRegameyet al, 2012b) Moreover, there is a lack of robust
information on OC stock in alpine environments, due to the difficult accessibility of these areas
(Prietzel & Christophel, 2014the lack of site and species specific allometric equations for the
AGB evaluation, and the resources and time required for intensive fieldwork campaigns. Hence,
in this study we investigated whether, through less resotintensive approaches, a proper
description of the OC stock in these areas was possible. Notably, the three approaches (fieldwork,
INFC and TESSA) had as their main differences the accuracy of the outputs and the effort to obtain
the data. First, concerning the effort needed for data asgion, fieldwork activities were the
highest resource and time intensive approach, resulting in five years of fieldwork campaigns and
laboratory analyses, involving a team of more than ten collaborators. Conversely, the TESSA
toolkit was the most time ash resources effective, resulting in a quick and effortless approach,
requiring only a few days for the data collection and elaboration. The INFC was considered as a
mid-intensive approach, due to the fact that data were collected by the INFC with fieldwork
campaigns, but with an intermediate sampling effort due to the number of points collected on
the total area(Gasparini & Tabacchi, 201¥e found that the three approaches yielded diverse
outcomes, due to both data limitations and differences in the input resolution. For instance,
regarding the soil OC stock, we found that TESSA merged the WRB soil categories into HAC,
Podzols and LAC,aéing to a flattening of the results. Interestingly, the comparison between
INFC and fieldwork data revealed similarities in OC stock values across almost all pools. The
fieldwork data served as the basic reference point in this study, as they were yicedtcted

within the study area, reflecting values that closely approximate reality. It is important, however,

to acknowledge that local variations in OC stock attributable to environmental fa@bisval

et al, 2021) such as temperature, elevation and precipitation regimes, must be taken into
account(Prietzel & Christophel, 2014)nd biases related to our fieldwork activities might be
present. However, we encountered few discrepancies between INFC and fieldwork data, and

these can be primarily attributed to the regional scale of the former, encompassing forests across
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diverse elevations and environmental characteristics, while our fieldwork data were specific for
the studied PAs. Nevertheless, in our PAs, and in general in the alpine environments, grasslands
constituted one of the most extensive habitats in the toteé@ and they are now a habitat of
interest, since their carbon storage potential was for long underva(titadiet al., 1995; Nagler

et al, 2015) hence they were included in our sampling design for fieldwork activities. No
grassland data were compiled in the INFC, which was developed with the specific aim of
evaluating the carbon stock in forested habitats, but we suggest carefully considering the
habitats existing in the PA and their extent before choosing the approach for the evaluation. In
fact, grasslands represeB7% at AV49% at PDM and8% at AD of the total OC stock, and we
would have omittech huge quantity of OC stocked by not samptimgm. However, we consider

that an integration of the existing inventories concerning the alpine grasslands could be a useful
step for the description of such important habitats, due to their evident OC stock potential. TESSA
resulted in outcomes with higtiscrepancies with the other two approaches, generally indicating
that higher values had been assumed for each habitat and study area. We suppose that this could
be due to the simplification carried out in the input data, but further analysis must bertaia

to understand the reason of the overestimation in the studied habitptepably also due to
limitations of our study, in which there was no possibility of distinguishing plantations and natural
forest for each habitat since a mixture of these exist, and the selection was based on plantations,

being the most recurrent.

In terms of qualitative descriptions, the habitats that stocked the majority of OC on the total
value were respectively larch forest in AV, grasslands in PDM and spruce forest in AD. These
findings were consistent across all the three approaches, but a@itbrse magnitudes between

the methods. The larch forest at the AD represented an exception for the qualitative description,
achieving a mismatch with both INFC and TESSA, and possibly related to the fact the larch forests
in this PA were patrticularly s and the value we obtained may be related to a peculiarity of

the area. According to the TESSA guidelines, fieldwork is generally preferable, as it quantifies the
actual value of OC stock in the area. Nonetheless, several studies were conducted uSiAg TES
for the evaluation of E@Birchet al,, 2014; Pefet al,, 2014; Blaeret al, 2015; Liwet al,, 2017;
Manolaki & Vogiatzakis, 2017; Peratal., 2021) being quick, costffective, not requiring many
existing data and overcoming the difficulties of sampling in poorly accessible areas. Generally,

these studies encompassed many ES, giving a broader description of the complex supply of
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benefits of a specific area and helping to identify pools of complex ES supply. Additionally, in a
rapid screening of a study area, maps created with TESSA could be a rapid and effective tool for
helping managers to identify priority areas for the climetgulation supply. For instance, maps
could be used along with other ES for a description of the possible ES supply areas and might aid
researchers in creating an experimental design on which validation points could be collected, to
obtain quantitative déa on OC stock. It should be noted, however, that we do not recommend
employingonly the TESSA Toolkit for local studigsere the quantification of OC is the primary
objective, as the results did not align with the collected data, and no reliable ratio could be
established to explain the trends. In the light of this, using the outcomes of TESSA toolkit as a
reference for eonomic evaluations for the OC stock could lead to biased values which are
method dependent(Yang, 2006and might lead to possible biases in the decigioeking

process.

4.1 Implications for management and biodiversity conservation
Highmountain areas play a fundamental role in OC st@abhler & Maselli, 2009nd positive

relationships between carbon stock and biodiversity weetectedin literature (LecinaDiazet

al., 2018) patrticularly at a regional scalidgley et al., 2010) In this case, the mapse
elaboratedcould result as arimportant tool for checking the presence of positive overlaps in
carbon sequestration and biodiversity conservatiareas Hence, the improved estimations
obtained from fieldwork data or INFC could be the best option to geolocate the OC ¥eck
consider that for the management of PAs, qualitative descriptions might not be enough, and data
campaigns must be carried out where specific inventories are not present. To define the wealth
of the PAs andnvestigate the effects of management strategiess crucial to have a precise
guantification of the carbon stocked in aboveground biomass and teoillevelop a better
management of forest{Nystrom & Stahl, 2001; Duvemo & Lamas, 208&) grasslands.
Moreover,setting a time zertaselinefrom accurate data could help in timeonitoring the gains

and losses in carbgraiding in the creation of historical trends of carbon changes by keeping a
fixed methodology. Mps ae afundamental tool that can help managers in understanding the
distribution of carbon within the boundaries of the RAsd geolocate the carbon stock and its
changesFor instance, having an accurate quantification of OC stock and biomass can lead to a
forest planning tha integrates the timber harvesting with the conservation of the carbon

sequestration servicéDonget al, 2015) The lack of data on the OC stock in alpine habitats,
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above all related to so{ICanedoliet al., 2020) can be overcome with fieldwork campaigns, in
which metadata of each plot can also be collected, with the advantage of being esefuior

further studies, thatovercome the OC stock quantificatiomnly, but that provide much
information on the determining factors of this distribution and the interactios with the
environmental features. PAs within the Italian boundaries are not mandatorily required to
provide any ES evaluation, however most PAs are voluntarily estimating the ES values, aiming to
the improvement of the environmental performance of the PAs, allowing systematic assessment,
monitoring and managemenfmong these PAs, also the Gran Paradiso National Park carried out
the ES assessment according to the EMAS certificé®iarco Nazionale del Gran Paradiso, 2019,
2022) in which the carbon storage though fieldwork activities was quantifihce, due to this
widespread evaluation of ES within PAs, we highly recommend undertaking fieldwork activities
to evaluate the carbon stock in PAs, in order to have an accurate description of the areas and the

possibility of making reliable comparisdostween PAs.

Also, giving a broader view that goes beyond PAs only, an adequate assessment of the actual
carbon stock values may be useful as baseline in the voluntary carbon credit market, which is
nowa commoroption in EU for giving rewards to virtuous environmental management that lead

to gains in carbons stog¢Blancet al., 2019) In each carbon forest project it is required to build

a baselindDiaz & Delaney, 2011; Seit&@tanzin, 2011)rom whichscenarios will be developed

and monitoring of the practices will be carried out to detect gains or losses in narvsmong

these activitiesthe methodologies are often diverse and there is a need for common and
transparent approachegPetrokofskyet al, 2011; Yanaet al, 2020; Zhotet al., 2023) Even
though AGB studies for the carbon credits are generally field based activities, with the
measurements of height and DBH, we encourage that the baseline of each qawbbis set

through fieldwork activities, above all for soil data

Using an accurate approach for these kind of evaluations is fundamental since many
management consequences and economic issues can emerge. For instance, using the TESSA
toolkit valuation as the main source of data for the baseline of a forest project viave led to

values higher than the actuanes,managementstrategies and monitoring would have been

biased by the overestimatioMoreover, we want to underly that the quantification of the OC

stock has already many uncertainti@éanguelovat al., 2016) due to the distribution of the OC

among soil or the selection of allometric equations, so having data that fits the reality as much
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as possible would be the only way to correctly plan the management and conservation of these
areas. There are also many management strategies that affect the OC stock, such as afforestation
for the increase of OC stock due to the gain in the AGB poointsaime cases it can reduce the

OC stocKor instance replacing a highly stocking grassland or peatland with a new afforestation
(Mayeret al., 2020) having reliable data can help managers in identifying promptly the activities
that negatively affecthe OC stock, and improve the conservation of the area. However, it is
important to note that the carbon stock cannot be the only indicator for the environmental
protection and area managementand more ES must be valuated during these monitoring
activities. For instance, this study suggested that coniferous forests have the highest stocking
capacity in each of the three poolst for a correct managemertf the area also other aspects

have to be considered, such as habitat provision and biodiversity.

Furthermore, it is essential to incorporate a sampling protocol that accounts for both
management strategies and the historical context of the area. This consideration is crucial for
accurately assessing the organic carbon (OC) stock, especially giv@rstreed higher values

in plantations compared to natural areas. This aspect was notably highlighted in the TESSA toolkit
selection framework. Integrating such information into fieldwork activities enhances the
precision and thoroughness of area descripSo Eventually, we propose as a possible
framework, that after a screening of the possible priority aresshe OC stock and other ES with
TESSA, data in the field must also be collected, and used to check the accuracy of the inventories
or TESSA data. Howevbgingthat fieldwork campaigscan be time and resources intensjve

we understand that thesenight not be an optioin some casedHence, we proposed a minimum
number of plots per habitat, aiming to reduce the sampling effort, but keeping a law ierthe
average description of the OC stock and provide a reliable quantitative description. Our findings,
specifically referring to our PAs, indicated that a minimum of 10 plots were suitable for the
homogeneous habitats, predominantly composed by opecges, such as spruce forests, and 15
plots for grasslands and mixed forests, which had an average value of OC stock that can be
affected by the heterogeneity of the vegetation composition. Chestnut forests at the AD, for
instance, were an interesting haét, since their results diverged from the INFC and had a high
MAPE. We can attribute this difference to two main factors: a) a potential bias in our fieldwork
activities, as the chestnut forest should have been sampled more to reduce the error; bthe fa

that chestnut forests have already been subjected to intense management practices, first for
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food provision and then for timber suppl€onedera & Krebs, 20QTyhich could impact the tree
component of thevegetation structure and consequently the OC stock. However, based on the
estimated numbers for achieving low error, in our study area a sampling composed of 170 plots
would have been sufficient, reducing our sampling effort by 88 plots: this would kdvi la
reduction of costs and time for field activities, but still provided an acceptable OC stock
estimation.We propose to develop further studies that quantify the minimum number of plots
for reaching a reliable quantitative description of the OC stock with a reduced error, in order to

obtain more information on how to reduce the cost and efforts needed for fieltvactivities.

Eventually, gen though a rapid assessment, such as TESSA, can give promptly a huge quantity of
information, including other pools such as below ground biomass OC stock, which would be
highly resources intensive to evaluate in the field, and can include more habitatsodthe
rapidity of the study, quantitative and unbiased information is needed for an effective
management and monitoring of these vulnerable areas. In the Italian context, the INFC has
proven to be an effective tool for quantifying OC staokforested habitats. Additionally,
inventories need to be regularly updated to improve the quality of the evaluations and better
describe the current status of the area, as was done for the INFC which was recently updated
(Gasparinkt al,, 2022) since relying on outdated information may lead to erroneous decision
making. Nevertheless, conductifigldworkstudies is very costly in terms of time and resources,
and is difficult to undertake in remote areas such as alpine PAs. Hence, it is essential to find a
compromise between resolution and costs, and the integration of methodologies, rather than

the substiution of one for another, may be the most effective strategy in this regard.

5. Conclusion
Due to the vulnerability of alpine areas to climate change, we have an urgent need to develop

efficient and informed management strategies, based on accurate evaluations of ecosystem
services. Finding a compromise between the research effort and the yoélihe outcomes has
always been an open issue for researchers. In this study we evaluated OC stock in two alpine
protected areas using three different approaches. Consistent differences were observed
between the areas and the habitats, and discrepantigfie magnitude of the outcomes were
found, with TESSA having the most diverse results if compared to the other two approaches.

While it is crucial to consider both resolution and accuracy in research, the limitations of time
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and resources often call for efficient methodologies like TESSA, which can provide a quick
evaluation. However, although TESSA was found to be efficient in the qualitive description of the
OC stock, it was of limited value for its quantification. The IN&Ca valuable tool for the OC
stock description, but with the limitation of a lower resolution due to the regional scale, rather
than local, which could omit the peculiarities of the area, and the complete lack of information
on some habitats. Based on motindings, we would suggest using TESSA for a preliminary
screening to identify the priority areas in need of attention. Subsequently, a fieldwork campaign
must be undertaken to obtain information leading to finding the minimum number of plots to
describethe OC stock or, where appropriate, to use an inventory and validate the values with a
few plots. We believe that a balance between efficient resource utilization and reliable ES
information can be found, and this will be a key point in order to provemmmendations to

managers and decision makers.
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Supplementary materials

Table S3.1. Allometric equations used for the estimation of the biomasses in this study, where DW4 is the total above
groundLJK@ 12YIl a4 0130 R Aa GKS S5AFYSGSNI G . NBFadg | SA3KI

specific coefficients.

Species Allometric equation (general formula) = Coefficient matrix Source
b6 = Tabacchi
Abies alba Dw4 = by+b,dPh+bsd [2.1386 © "o al,
©1.1089]
2011
b6 = [ 6. 4595 | Tabacchi
Acer campestre Dw4 = by+hb,d’h et al.,
2011
b6 = [ 6. 451906 ; Tabacchi
Acer
Dw4 = by+b,d?h et al,
pseudoplatanus
2011
o [a=44.06 He et al.,
Alnus viridis M=Dw4=ad’
b=2.395] 2018
bo = -1. P 82E Tabacchi
Betula pendula D4 = [y +h,d?h+bxd 1. 19987 BA 1S5S o 4,
2011
_ b6 = [ 3. 2418% ; Tabacchi
Carpinus
Dw4 = b+b,d?h et al.,
betulus
2011
b6 [(2. 1739; 2. Tabacchi
Castanea sativa Dw4 = b+h,d?h+bsd 9. 707%*10 et al,
2011
b6 = [1.6409; Tabacchi
Fagus sylvatica. Dw4 = by+b,d?h 3.077%710 et al,
2011
Eran b6 = [ 2. 1893; Tabacchi
raxinus %
_ Dw4 = bi+b,d?h $.2949710 1 gl
excelsior
2011
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Larix decidua
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Pinus nigra
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Prunus avium

Quercus rubra

Quercus spp
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Salix caprea
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1.
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et al.,
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Salix glabra

Alnus glutinosa

Juglans regia

Popolus

tremula

Sorbus aria

Sorbus

aucuparia

Tilia spp

Pinus cembra

Dw4 = b+b,d*h

Dw4 = by+b,d?h+bsd
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Table $3.2. Carbon stock measuremenkdg ha?) the FIELD, INFC and TESSA in AV, PDM and AD

AV(Mg ha') | ABOVEGROUND | SOIL LITTER
lucode| LULC namq INFC| FIELDO TESS/ INFC| FIELD TESS/ INFC| FIELD TESS/
1 Grasslands | - - - - 46.5 | 95 - - -
Mixed
. - 90.7 | 87 - 32.7 | 95 - 7.48 | 26
2 coniferous
Spruce
55 95.2 | 87 40 28.8 | 115 9 12.4 | 26
3 forest
4 Larch Fores| 45 63.7 | 87 41 27.7 | 95 16 7.4 26
PDM(Mg
ABOVEGROUND | SOIL LITTER
hal)
lucode| LULC _namq INFC| FIELD TESS/ INFC| FIELD TESS/ INFC| FIELD TESS/
Mixed
37 70.15| 100 63 56.4 | 95 5 477 |16
1 broadleaves
2 Grasslands | - - - - 61.7 | 95 - - -
Chestnut
63 95.7 | 100 83 429 | 95 7 5.76 | 16
3 forest
4 Larch Fores| 47 70.3 | 87 71 36.3 | 95 8 6.4 26
PAMg ha') | ABOVEGROUND | SOIL LITTER
lucode| LULC _namq INFC| FIELD TESS/ INFC| FIELD TESS/ INFC| FIELD TESS/
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Mixed
_ 44.1 | 115 100.0| 78.2(56.2 |95.0 |6.4 |45 16.0
1 deciduous
A. Viridis
- 152 | 7.5 - 66.5 | 95.0 |- 7.4 26.0
2 forest
Chestnut
68.6199.42|100.096.7|51.6 |95.0 |129|5.0 16.0
3 forest
4 Larch forest| 59.5| 66.8 | 87.5 |66.8|76.5 |115.0(39.5|7.0 26.0
Spruce
88.0/864 |875 [86.4|81.2 |[950 |26.8|17.2 |26.0
5 forest
6 Grasslands | - - 1.2 - 87.7 |95.0 |- - -
Table S3.3. Total OC stock per habitat and total ®©ck per habitat on the total area
RATIO
Aosta 9 Uaizll | et Area Tot*area Tot*area
INFC | Field | TESSA Tot*areaField INFC/FIELOD TESSA/FIEL| TESSA/INF(
Valley (AV) wha) | wha) | (tha) (ha) INFC TESSA
fsofgéfe 104 | 136 | 228 | 264.89 | 27,548.14 | 36,141.05 | 60,394.01 0.8:1 1.7:1 2.211
Larch Forestl 102 99 208 | 4,243.72| 432,859.34 | 419,152.13 | 882,693.55 1:1 2.1:1 2:1
Grassland - 46 95 | 7,691.74 - 357,363.87 | 730,715.68 - 2:1 -
Mixed - 131 208 | 973.00 - 127,267.88 | 202,383.17 - 1.6:1 -
coniferous
. Total | Total | Total . .
Piedmont | \\oo | Felg | TEssA Avea | Torarea | o eaField| 'OV | \NEo/FIELD TESSA/FIEL| TESSA/INF
(PDM) (tha) | (Uha) | (Uha) (ha) INFC TESSA
Mixed 105 131 | 211 | 2,006.07| 210,637.04 | 263,496.90 | 423,280.14 0.8:1 1.6:1 2:1
broadleaves
Chestnut 153 144 | 211 | 235.80 | 36,076.64 34,032.29 49,752.75 1.1:1 1.5:1 1.4:1
forest
Larch Forestl 126 113 | 208 | 2,648.40| 333,698.27 | 299,057.22 | 550,866.99 1.1:1 1.8:1 -
Grassland - 62 95 | 9,392.02 - 579,315.00 | 892,242.00 - 1.5:1 -
Adamello ot Vel | ekl Area Tot*area Tot*area
INFC | Field | TESSA Tot*areaField INFC/FIELO TESSA/FIEL| TESSA/INF
(AD) (tha) | (Uha) | (Uha) (ha) INFC TESSA
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Mixed 129 | 176 | 211 | 961.26 | 123,665.49 | 168,892.56 | 202,935.41 | 0.7:1 1.2:1 1.6:1
deciduous

A. Viridis - 89 | 129 | 4,748.94 - 422,961.00 | 611,331.43 ; 1.4:1

forest

Chestnut 178 | 156 | 211 | 1,674.26| 298,269.72 | 261,184.83 | 353,470.13 | 1.1:1 1.4:1 1.2:1
forest

Larch forest| 166 | 148 | 229 |5308.91| 879,951.50 | 785,187.49 | 1,213,855.27 1.1:1 15:1 1.4:1
fo‘:;‘;fe 201 | 211 | 209 | 9,135.90| 1,838,142.42| 1,931,328.56| 1,905,748.05  1:1 11

Grassland - 88 96 | 9,022.00 - 790,858.60 | 867,465.50 ; 1.1:1

Table S.3.3.1.T-test results,with statistically significant fwalues (p<0.05highlighted in red. The number of

observations was organized based on the available data for each methodology

VDA
ABOVEGROUND :
BIOMASS Average field Average INFC  Average TESSA p-value df
Field vs INFC 64.6 41.7 0.30 4
Field vs TESSA 71.0 90.0 0.27 3
INFC vs TESSA 41.7 91.0 0.01 4
SOIL
Field vs INFC 38 31 0.53 10
Field vs TESSA 38 98 0.00 10
INFC vs TESSA 31 98 0.00 10
LITTER
Field vs INFC 7.4 11 0.40 4
Field vs TESSA 7.4 23.5 0.00 6
INFC vs TESSA 11 23.5 0.02 5
PMT
ABOVEGROUND :
BIOMASS Average field Average INFC  Average TESSA p-value df
Field vs INFC 78.7 49.0 0.1 4
Field vs TESSA 78.7 95.7 0.1 4
INFC vs TESSA 49.0 76.8 0.2 10
SOIL
Field vs INFC 38.3 59.2 0.21 10
Field vs TESSA 38.3 98.3 0.00 10
INFC vs TESSA 59.2 98.3 0.01 10
LITTER
Field vs INFC 8.5 55 0.39 7
Field vs TESSA 8.5 18.3 0.08 6
INFC vs TESSA 55 18.3 0.03 10
AD
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ABOVEGROUND

BIOMASS Average field Average INFC  Average TESSA p-value df
Field vs INFC 98.0 65.0 0.07 6
Field vs TESSA 67.8 63.9 0.89 10
INFC vs TESSA 65.0 93.8 0.03 6
SOIL

Field vs INFC 66.4 82.0 0.16 6
Field vs TESSA 69.9 63.9 0.77 10
INFC vs TESSA 82.0 100.0 0.07 6
LITTER

Field vs INFC 8.4 21.4 0.18 4
Field vs TESSA 8.2 22.0 0.00 8
INFC vs TESSA 21.4 21.0 0.96 6

Table 3.4. Values not included in the regression charts for the evaluation of the minimum number of plots

Mixed Chestnut Green | Chestnut
AV PDM AD

coniferous forest alder forest
3 15.60 3 6.92 3 22.10 |13.63
5 10.76 5 5 13.59
10 451 10 10 591
15 5.60 15 15
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CHAPTER 4

DETECTION BBRESNONFORESIHANGES AT TABAMELLBEGIONAPARK USING

LANDSAT SCENES

N.Rota, N. Neeti, HNagendra, C.Canedoli, E. Pad8ahioppa

In preparation
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Abstract

Remote sensing imagery is an effective method to assess the impact of climate change and
human activities on vulnerable areas, such as Alpine protected areas (PAs). The tracking of land
cover transformations in thesareasis critical to support managers and decision makers in the
protection of these and to assess whether current management strategies against deforestation
are efficient The objective of the study was to identify land cover changes between forested and
non-forested areas (FNF) in the AdatodRegional Park, an Alpine protected area located in the
Italian Alps. The collection of LANDSAT scenes was carried out on a-tgchtmde basis from

1988 to 2022 To classify the forest and ndorest areas for each scene, a supervised
classificationusing Random Forest algorithmvas performed using Google Earth Engine.
Extensive validation checks were performed to ensure the accuracy of the classification. The FNF
changes were then mapped using the IDRISI TerrSet software for both the entire pefieddn
decade. The results showed814hectarenetincrease in forested areas at the Adamello from
1988 to 2022. The forested land remained consistent at 21833 hectares, wheredsrasted

land covered 21753 hectaresymprisedurban areas, grasslands, agricultural lavdsterbodies

and glaciers. The decade from 2000 to 2010 witnessed the most significant net inanease
forested areas. Between 2010 and 2022, a significant loss of forests occurred in the North of Italy,
probablycaused by the &fastorm and biotic disturbanceOur investigation using ArcGIS led to

the determination of the forested areas' loss and gain in each municipality. We found that some
municipalities increased their forested areas by 10% of the total land area between 1988 and
2022.We gathered data on distance from roads, vegetation attitudes, forest usage classification,
elevation and slope, and compared this information with the FNF changes. It emerged that
significant relationships are present with the FNF change and the asggeattitudes, and the

slope. This study was a first step in determining how the forest changes among the decades, in
which areas and what possible reasons are, giving the magnitude of change for each municipality.
Maps can help managers identify are&stt need urgent conservation action. Further studies
using resolution satellites data and validation poimsitushould be carried out to verify which

are thetree species that are extending their coverage.
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1. Introduction
The Alpine forests are key for the supply of many ecosystem services (raw materials, water

regulation, CO2 sequestration, natural hazard reduction and recreational véeieEtRegamey

et al.,, 2008; Hayha et al., 2015nd represent 35% of the area of the alpine countries
(Dellagiacoma et al., 2015}limate changepose a significant threat to these aregmrticularly

due to theaccelerated warming compared to lowlan@BCC, 2022and human activities worsen

this ongoing phenomenon adding further pressures to this fragile environs(¥idl et al., 2021)

Due to their relevance as Ecosystem Services (ES) supply and biodiversity conservation, it is
fundamental to investigate how forests spatial extent is changing over the time, and to provide
a description of the potential drives of change. A loss in tedkareascan bedue to several
reasons andaffects the provision of fundamental ElSence determining the main drivers can

help in an efficient management. Considering the potential drivers of a forest loss human
pressures (e.g., timbaver-harvesting and natural disturbances are the most observ&omnber
harvesting has been of great importance to humans, providing essential resources for shelter,
fuel, and various industries throughout historizaving asignificant cultural and economic
significanceHowever, it is fundamental that timber harvesting must be carried out in order to
ensure an ecological integrity of the ar@aorren et al., 2004 Biotic and abiotic disturbances
such as wind, insect outbreaks, pathogens aiildfires are the most common disturbances to
forestedareasand are a major cause of forest cover Iodsese are predicted to increase in terms

of magnitude and frequency due to the climate chariBentz et al., 2019; Jakoby et al., 2019;
Seidl et al., 20170ne example could be the threat caused by the spruce bark beetlelgs.g.
typographus, that causes the death of Norway spru€icea abies or reduces its resistance to
natural hazardgNardi et al.,, 2022)However, many studies demonstrated that there is an
existing trend in mountain areas toward an increasdorest coverage(Sitzia et al., 2010)
Nonetheless, it is important to note that an increase of forested areas in mountain alpine areas
may not becompletelya positive result. For instance, we could observe an increase of forested
habitats related to the land abandonment of alpine croplafidatale et al., 2007; Tattoni et al.,
2017) or to the shift upwards of vegetation belts casing a change in LUCL classes. This will

negatively affect the supply of important ecosystem services provided by gras¢&aidgpke et
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al., 2017) as well as the huge biodiversity that inhabits these habifdfdson et al., 2012)
Moreover, biodiversity is significantly influenced by changes in forest cover dynamics, serving as
a fundamental factor essential for the delivery of numerous ecosystem services. Recognizing that
the initial condition of an area is paramount when assessitgrations in ecosystem services
provision, we considered that a decline in forested coverage within the study region would result
in a corresponding loss of ecosystem services, as highlighted by Schetaajer(2019). For
example, the promotion otarbon sequestration, crucial for climate change mitigation, can be
facilitated through afforestation and proper forest management practices, and highly reduced
through deforestation. Furthermore, the reduction of forested areas would impact cultural
values, including health and recreational aspects, as well as water related ES, as indicated by
Ellisonet al. (2012). Mountains provide a diverse array of ecosystem services (ES) to both
Y2dzy Ul Ay YR f 2gf | -BtRoariOe a.Y2020)A Thas8 Services rigdldiam
essential resources like wood and food, crucial for sustaining mountain livelihoods, to services
such as water regulation (Gratzer & Keeton, 2017) and climate regulation, facilitated by carbon
storage in mountain forest&ny alteration in land use, particularly deforestation, poses a threat

to the ecosystems' ability to provide these essential services, rendering mountain communities
highly susceptible to the impacts of deforestation. This vulnerability is related tonpate
disruptions in key services like food, timber, and water provision. The relationship between
changes in land use and the supply of ecosystem services is intricate, as modifications to any
component of the ecosystem can significantly impact the oVvemavision of ES (Most al.,
2013).Hence, a lot of caution must be given to the study of fooesterdynamics, to understand

the current land use chang€®/inkler et al., 2021 )detect how these habitats are changing, and

the consequent provision of ES.

Remote sensing imagery igpawerfultool for comprehendinghe impact of climate change and
human interventions on vulnerable regiofGao et al., 2020; Seidl et al., 201al)owing repeated
measurement over a large area atidhe span providing a synoptic view includinguch
information on the study area, and with a high degree of homogeneity, as images are acquired
under fixed conditiongLechner et al.,, 2020Remote sensing was widely used for monitoring
forest coverage at different scales, from glofféénnedy et al., 2016; Townshend et al., 2G12)
national and local assessmefituang et al., 2007; Zhang et al., 2008)e use of LANDSAT data

is effective for national and local scale due to its resolution (3¢toughton & Hackler, 2000;
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Lechner et al., 2020)and allows to detect forest information, from foresbn forest cover
dynamics to the forested surface loss due to forest burrfBgyd & Danson, 2005)here is no
perfect remotesensing system, but the choice of the system will depend on the aim of the study,
and resources available. For the study, we aimed to conduct an analysis of forest changes over
decades, and LANDSAT was the system that ensuladj@ time seriegYe et al., 2021; Zhu,

2017) and provided free access tooderateresolution imagery.

Monitoring changes in these areas is crucial for assisting policymakers and decékers in
conserving alpine region3his study was carried out in an alpine protected area located in the
Italian Alps, the Adamello Regional Park. The study in the variation of the forest coverage and
structure would be of a great importance to understand the dynamics occurring withinréae a

and forecast both vegetation cover, from which a prediction of the changes in ES supply in the
future can be carried out. The outcome of this study would also aid managers in identifying the
areas that are subjected to land cover change, the possities of these changes, to acquire
information on the wealth of the protected area and the action to be taken to improve the
biodiversity conservationThis studyaims to describe land cover chanigetween forest(F)and
non-forest (NF) and associated potential drivers.eTdrivers of change are described using
secondary literature that includes Parks documentation and regional databBleeésstudy was
carried out to investigate changes in forest cover awerlast34years (1988022) using muli
temporal Earth Observation datasetd decadewise analysis was undertaken give a better
description of the possible drivers that led to the forest changes, detectingpleeifictime-

periods wheresubstantialchanges occurred.

2. Materials and methods

2.1.Studyarea and data collection
Our study area the Adamello Regional Pgkb) a protected area instituted in 1983 by the

regional law, n. 79 dated 16" September 1983lt is located in the Rhaetian Alps, in the
Northwestern part of Italy, and has an area of @10 ha. Its elevation spafi®m lower altitudes

390 m.a.s.l, to the peak of the Adameli 3,539 m.a.s.&b Il OO2NRAY3I (G2 GKS t}
(PIFXComunita montana dell Valle Camonica, 2018 forested habitats cover the 257 ha.

These are divided into five classes of usggeaturalistic, protective, productive, landscape
conservation and touristicecreational. The surface of the productive area is 37% of the total

forest coverage, whereas the protective and naturaliatie 6% and 39% respectively.

131



To track the changes iforest coverdynamics, weused multispectral data collected by the
LANDSAD TM and Landsat-8 OLI sensors (Tib4.1). All images were acquired durirtge
summerseason (Junduly), to ensure the greening of broadleaves forests, and cerminetie

ROI Path:193 Row:028). The least clouded images were acquired during the season, the spatial
resolution was 30mWe chose LANDSAGenes dudo its historical dataset, which is the longest
remotely senses data available at fineoderate resolution. We usethe Landsat Collection 2
Levell calibrated topof-atmosphere (TOA) reflectance. We aimed to keep a decadal time span
between each imageOne multispectral Landsat data was chosen from the UB@8orm
(https://earthexplorer.usgs.goy/for each decade preferably at an interval of 10 years, except
for 1988 and 2022, due to cloud cover issues. Data for evaluating the environmental variables
(slope, elevation) were collected from the Regione Lombardia Geoportale(Bad), and
shapefiles concerning the vegetation attitudes and usage of the forest were provided by the
Adamello Regional Park and referred to the forestry plan of the Park,(RiFjunita montana

dell Valle Camonica, 2018)

Table 4.1. LANDSAT DATA chosen for the study

Date Sensor Details of data
acquired
1988/07/20 LANDSAT 5 TM 1 Bands selected: B1 (blue), B2 (green), B

(red), B4 (near infrared), B5 (shortwave

infrared 1), B7 (shortwave infrared 2)

2000/06/19 LANDSAT 5 TM 1 Bands selected: B1 (blue), B2 (green), B
(red), B4 (near infrared), B5 (shortwave

infrared 1), B7 (shortwave infrared 2)

2010/07/17 LANDSAT 5TM 1 Bands selected: B1 (blue), B2 (green), B
(red), B4 (near infrared), B5 (shortwave

infrared 1), B7 (shortwave infrared 2)

2022/07/02 LANDSAT 8-9 1 Bands selected: B2 (blue), B3 (green), B
OLI (red), B5 (near infrared), B6 (shortwave

infrared 1), B7 (shortwave infrared 2)
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Table4.2. data on the study area obtained from thregionLombardiageoportal

Data Details Source

Digital Terrain Model 1 Raster (Geoportale della Regione
1 WGS84/UTM32 Lombardia, 2015)

Road Map 1 Vector (Geoportale della Regione
1T WGS84/UTM32 Lombardia, 2023)

2.2.Classification and mapping of changes
The Landsat mulspectral images for each time step were imported in Google Earth Engine

(GEE), which allows simplified computation of a multitude of remote sensedldataner et al.,

2020) GEE is a free cloud computing platform provided by Google, whmblyremote sensed

data from a vast archive of datasets and has computing tools that simplify the analyses of these
geospatial data. GEE is widely used for the analyses of forest coverage and dynamics, as it offers
computations speed and simplicity, for prosegy a multitude of datgJahromi et al., 2021;

Moore & Hansen, 2011)

These images wergisualisedin both true and standard falseolour composites for visual
interpretation and forease of screening of the vegetated areas and select the training data. We
extracted a table containing all training points for each image, afelw random samples for

each class were selected. The spectral values and signature of the random points was checked
by the operator to ensure that these training sites are spectrally separable to be used for
classification. At the first level, land cover slifisation was carried out considering 11 classes as
the spectral signature of various nonforest class are differ&he training sites were revisited

and revised in order to improve the accurach the second level, the land cover raster was
reclassifed into forest and noHorest by grouping all the neforest classes into one class. To
gather the training set for first level classification, we collected at least 50 samples for each class.
These samples were chosen within a buffer area of 5 km fromAttaamello Regional Park, in
order to better detect classes which could have been misclassified due to their small extent

within the PA. Training points were acquired in representative areas for each class (e.g., industrial
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areas, extensive crops, forests), to ensure a labelled dataset that included all the 11 classes
chosen. The dataset contained 11 classes as follows: (1) Urban, (2) Cropland, (3) Dense forest, (4)
Sparse forest, (5) Water, (6) Snow, (7) Grassland, (8) @ycBloud, (10) Barren, (11) Shadow.

The 80% of the randomly sampled training data was used for traininghtidel, whereas 20%

of the data was used for testing. The training set was used to develop the model for classification,

while the testing setvasT dzy Rl YSy G f F2NJ I aaSaaiay3d (KS Y2RSf

A widely used machine learning approach for supervised classification called Random Forest was
carried out in GEE for each year. The Random Forest algorithm is a machine learning algorithm,
used for classification and regression analyses. Through a sdiarwof decision trees, it builds

a forest of decision trees, in which variables are combined in order to obtain robust and precise
predictions. The random forest classifier is widely used for land use classifif@isdason et al.,

2006; Hayes et al., 2014; Rodrigu@&aliano et al., 2012Yue to its computation capacities, in

term of promptness and robustness, and possibility to the handle efficiently large databases
(Hastie et al., 2009; Rodrigu&aliano et al., 2012)Ne considered as variables for our training

set bands from blue to the shortwave infrared 2 in LANDS8 D8I (B2, B3, B4, B5, B6, B7) and

for LANDSAT 5 TM (B1, B2, B3, B4, B5, B7). The Random Forest was set to 100 trees, the other

hyperparameters for Bndom Forest were set as the default options provided in GEE.

The next step after classification is accuracy assessment of the classified output. We used
statisticssuch asoverall accuracy, Producers and Consuiecuracy folaccuracy assessment.

The first step in accuracy assessment is the creation of the confusion matrix. The confusion matrix

is createdby a table that evaluates the performance of an algorithm by comparing the predicted

and actual values. The confusion matrix was a 11 by 11 matrix, according to the number of
classes, whereas the numlsdanside thematrix are the frequency of pixels in that class. Rows
contained mapped pixels in a particular class, whereas column in reference (actual class). From

the proportion of correct predictions ovedhe total prediction, it is possible to estimate the

overall accuracy, expressed in percentage, being fundamental for an overall indication on the
O2NNBOlySaa 2F (KS OflaaAFAOIGAZ2Yd t NP RdAzZOSNI 2
valuing the acchdl 0& 2 F | Of FaaATFTAOIGA2Y I ofltRekiyzOS NA Q
ARSYUGAFe@AY3I | OFGS3A2NE gAGKAY3a (GKS RFEGFaSasz ¢
likelihood on an incorrect assignment to a classing the classificatioGinevan, 1979fter

the accuracy assessmentthe clasdevel, a reclassification was performed. We merged the-non
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forested classes, classified as NF (Class 1), forested classes classified as F (Class 2), and
Clouds/Shadows (Class 3). The attribution of the new classes was as follows: Urban (1), Cropland
(1), Dense forest (2), Sparse forest (2), Water (1), Snow @9si@nd (1), Rocks (1), Clouds (3),
Barren (1), Shadow (3).

The rastes with the forest nonforest (FNF) classification were exported in TIFF format and
processed in ArcGIS. To assess the accuracy of the reclassification, 60 random points were
generated within the ROITheland cover type for all the 60 sample points for each year were
verified using high resolution historical images in Google Earth Rrerefore, the ROI was
clipped from the LANDSAT scene, and the final land cover maps were genéradéal of four

maps were generated, one per each deedtiff), thus these were imported in Terrset Idrisi, a
software commonly used for land change detection and prediditastman, 2016)rhese were
processed using the land changm®dellingtool, obtaining four maps describing FNF changes as
follows: a) 1988 to 2000, b) 2000 to 2010, c) 2010 to 2022, d) 1988 to 2022. IDRISI Terrset was
used to quantify the changeas forest and norforest categories. Mapsisualisationwas set in

order to show only direct changes between forest and nonforest categories, excluding from the

visualisatiorthe cloud exchangesiowever thesavere included in the calculatiorsf changes

To provide an initial overview of changes, we gathered information on the environmental
features and management of the study area. A total of 5000 random points were generated
throughout the ROJ mostly fell within the persistence class, howedd0 #ll under theNF F
category, 87 under th&NF category and the remaining under the "no change" category. Data
on elevation, slope, and roads were obtained by usasger and vectoravailable on the Regione
Lombardia Geoportalh{tps://www.geoportale.regione.lombardia.ij/ The parks' boundaries
were used to clip the roadmap in ArcGIS, and multiple buffers were created from the road
network with increasing distances of 10m, 50m, 100m, 500m, 1000m, and more than 2000m to
identify possible correlations between forestverdynamics and the road network. To collect
data on the vegetation cover and classification of forest, we extracted data on management from
the foresty planof the Park Statistical analysis was conducted using StatSoft Statistica and IBM
SPSS Statistics softwarenadyses of variance (ANOWAs conductedto establish significant
differences between categories, whileChiSquaretest was performed for categorical variables

including buffer distance from roads and classification.
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3. Results

3.1Land cover classification
The classification carried out usiniget Random Forest algorithm produced four maps with 11

classes. The 1988 map had an overall accuracy of 95% for the 11 classes of the first classification;
the 2000 map had an overall accuracy of 989 2010 map had an overall accuracy of 93%;
finally,the 2022 map had an overall accuracy of 96%. As the classification accuracy exceeded our
thresholdof 90% and we accepted the efficiency of the classification. Therefeseconducted

a further reclassificationrmergingthe classes to obtaiforest, nonforest and cloud since the

focus was to investigate deforestation and afforestationhe result indicates substantial
increasein forest cover over timgFig4.1). The produceR accuracy (Tdb $4.1) values are

presented as percentages, which indicate the proportion of correctly identdfgedples in the
RIFIGFraSiz 6KSNBlLa O02yadzySNEQ | OOdzNI O&durkg/ RA OF
classification. It emerged that denSerestClass8 | YR & LJ N&BRS F2NBad o6/t
accuracy slightly lower than other categories, particularly for the year 2000, as 86% of dense
forest and 81% of sparse forest were correctly classified in the reference dataset, indicate by the
LINE R dzO Srati ®loweverOfor the 2000 the consumer accuracy showed that the 86% for
dense forest and 91% for sparse forest in the classification were actually belonging to the correct
classification. Dens@and Sparse forest had probably due to the similarity of the forested

categories, and exchanges occurred between the two.
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Figue.4.1. Forest and non forest maps for the four decades

3.2.Change detection: 1983022
The persistence of forest and ndorested area was mapped from 1988 to 2022 (Big),

indicating the areas that have not changed over the yetine detection of overall change was
essential to investigate the total variation within the AD boundaries, while the decadal changes

helped to understand in which decade the main events occurred and to provide a possible
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explanation for the results obtainedVe detected 21,753 ha of nonforest and 21,833 ha of forest
have not changed ovehe last34 years. But there are areas which have experienced changes
(Figa.2, Fig.$4.1), revealingfluctuations within categories F and NF, but ultimately an overall
increase of forested area over the above period fasd.2 A G KAy (G KS LI NJ Q&
was a net increase of the forested area of 2,914 hectares (H@).SConversely, thenon-
forested areas decreasenf 3,316 hetares. The difference between these values, 401 hectares,
was due to cloud and shadow cover at the time of image captimes preventing accurate
classification below the cloudover. We carried out analyses to identify possible relationships
with the environmental featuresThe ANOVA showed that there was no statistically significant
difference between HFand NFF with respect toelevaton (Fig.4.3), whereasstatistically
significant differences were found concerning slope (p<0.05), showing=N&t had generally

higher slopes thaiNFF.

Persistence 1988-2022 Changes 1988-2022

Legend

[ Non forest Legend
I Forest Il Forest to Non forest
Clouds Non forest to forest

Persistence
| Changes Hl Persistenc
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Figured.2. persistence and changes between forest and non forest areas from 1988 to 2022

Elevation Slope
3000 80
[e]
I 70
2500 o _
i .
‘= 2000
E < 50
& X ~ =
2 1500 g 40
o
3 3 30 ¢
w 1000
20
500 i
10
0 0 4

NF-F F-NF NF-F F-NF

Figure4.3. Changes classes across (a) elevation (b) slope in areas that were converted into foreftsaaf non
forest (£nf)

¢KS @S3SilGA2y FidAGdzZRSa 6 SNB SEGNHCOODER FNBY
montana dell Valle Camonica, 2018)eated in 2017. Our random samples wgri@edwith the
attributes of the habitat map, to identify the vegetation attitudes cover belonging to the FNF
changes. Part of the random points belongittg FNF changes did not match the map of
vegetation attitudes. We address this issue to the fact that the maps only referred to forested
maps until 2018, however during fieldwork activities for a previous project at the AD we detected
some mismatches from vetation attributes map and the current vegetation coveFurther
investigation must be carried out to determine the exact reasons, one possibility could be that
the regrowth was not detected in 2018, probably relatedast-growingspecies, such aslnus
viridis. Thus, 43% of samples related to forested areasKN&nd 39% of deforested areas\F)

have not been classified, both for habitat type and classification of forest usage class, which
specifically referred to théorestry plan However, in the remaining sample points we analysed
the vegetation attitdes coverage (Tabe3), and we noted that the green alder shrubland is the
forested habitat the included most of the points related to new forests (17.4%), followed by larch
(12%) and spruce forest (11%). The highest reduction in forested habitat towards non forested
wasfound in spruce forest (28%) and larch forest (13.8%). We performe@laSquaretest

(Table S4.2) and it resulted in a statistically significant association (p<0.005) between FNF
category and vegetation type. Concerning the classification of the forest provided by the Park,

we encountered that most of the NI points were related to naturalistic dtides (27%) and
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landscape conservation (12%), whereas-MH-we encountered naturalistic attitudes (24%) and
productive (14%), nonetheless no significant association was found witlCliigquaretest.

Also, for the five classes of distance from rgamsstatisticallysignificant association was found.

Table4.3. vegetation attitudes and percentage of points of areas converted into foreBtgnd non forestf{nf) and

the related vegetation cover

HABITAT NFFo FNP%o
NO CLASS 43.9% 39.1%
BEECHWOOD 0.3% 0.0%
FRAXINUS AND ACER FORI 3.5% 1.1%
GREEN ALDER SHRUBLANI 17.4% 10.3%
BIRCH FOREST 0.6% 0.0%
CHESTNUT FOREST 3.5% 4.6%
CORYLUS AVELLANA FORE 1.9% 0.0%
LARCH FOREST 12.9% 13.8%
PINUS MUGO SHRUBS 1.6% 3.4%
NEOFORMATIONS 0.3% 0.0%
HORNBEAM FOREST 1.9% 0.0%
SPRUCE FOREST 11.3% 25.3%
PINE FOREST 0.3% 0.0%
OAK FOREST 0.0% 1.1%
SALIX FOREST 0.3% 1.1%

3.3.Decadal change: 1982000
During the first decade after the establishment of the Park, a relatively balanced scenario

emerged where both gains and losses for forest and-fuoest habitats weredetected (Fig4 4,
Fig.$4.3). However, the trend was mainly towards afforestation, resulting in a net increase of
1,391 hectares of new foresteFig.S4.4), whereas the loss of neforested habitats was
approximately 866 hectares. The increase in forested areas resulted to be mostly spread in the

central part of the Park, whereas local lessvere localised in the northern part, approximately
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in the area of Bienno, Breno and Niardo.

A

Legend
I Forest to Non forest
[ Non forest to forest
Il Persistence

Figure4.4. Map of the gain (green) and losses (red) of forested afreas 1988 to 2000

3.4Decadal change: 2002010
Despite 2010 being the least cloudy year of the decabieidscovered an area of,891 hectares

and it was not possible to classify these points for the 2@<Dfound in the first decade, we
detected anet increase of b53 hectares in forest coveragkiring 20002010,and a decrease

of 4,744 hectares in noffiorested areas (Figg4 5, Fig. 31.6). It was observed that the increase
in forested areas was widespread across the park gFy. The afforestation was found to be
quite evenly distributed acrés 0 KS LJ NJ Q& | NBI @
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Figure4.5. Map of the gain (green) and losses (red) of forested afreas 2000 to 2010

3.5.Decadal change: 2012022
During the third decade of owstudy,a net loss of forested habitat occurred. Although the net

loss was only of30 hectares of forested areas, the gain of Aorested of 2,293 hectares
(Fig.<4.7, Fig. &.8), partlyrelated to the cloud coverage of the previous scene. However, it was
interesting to note that despite the afforestation was still ongoing, there was a major loss of
forested habitats. We assume that this could be due to the extreme event happened dQiiig 2
the Vaia Storn{Tecnici, 2019; Udali et al., 2021; Vacchiano & Forestale, 20&8eolocated

the changes (Fig.6) and we could highlight the changes were quite evenly distributed among

the area, having some hotspots of deforestation.
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Figure4.6. Map of the gain (green) and losses (red) of forested aireas 2010 to 2022

3.6.Extent of the change among municipalities
Our goal was to detect how the change in land use affected two classes: forest atdresin

The analygs revealed a net increase 0f523 ha of forest due to changes from nforest

habitats to forested areaand a loss of 910 ha of foreshat were converted into no+forest
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(Tabe S4.3). To aid managers to understand the magnitude of changes and give precise
information, we described the changes within the decades for each municipality belonging to the

park, indicating the changes in term of overall extent (ha) and percentage of chartige tmtal

area of the municipality (TédSA, Talle ). However, we did encounter lanitation due to the
rasterbased analyses, asertain polygons (30x30mgxtended beyond the designated
boundaries due to sizef the cell We thereforeclassified theseigelsas boundaries. We had 7

ha of forest to noAforest and 20 ha of noforest to forestassociatedvith this classificationThe

net change towards forest was detected in all the municipalities belonging to the Adamello
Regional Park (T&4.4). A net increase of the forested area by the 5% of the total extent of the
municipality was detected in 13 municipalities over 19, and@oresulted in the lowestklative

forest increase. The cumulative increase (in ha) in forest areas showed that Saviore
RStfQI RFYSEt2> /S@25 . NBy2 YR 9R2f2 gSNBE (KE
the 50% of the overall increase in forest areas. However, considering thelativauchanges

G261 NR y2yF2NBad ¢S F2dzy R GKFdG . NBy23 { I @A 2NEB
that had the highest reduction in forested areas, resulting in a loss of more than 100 ha, that
mostly occurredn the decade 2012022, and likely to be related with the Vaia storm and to the

huge extension of the municipalities. For instance, it is acknowledged that Vaia particularly hit

the Val Malga, located in Soni¢®iretti, 2023) and in Savioréhe lossmight bealsorelated to

spruce bark beetle outbreak®randelli, 2023)

Table4.4. Overall change towards new forested areas per municipality (in ha) and relative change on the total extent

of each municipality (%)

Municipality Net change NHF (ha)| %
Berzo Demo 165.2 12
Bienno 55.2 4
Braone 76.4 6
Breno 256.9 5
Cedegolo 62.1 6
Ceto 189.9 6
Cevo 300.7 8
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Cimbergo 1915 8
Edolo 239.6 4
Incudine 14.4 2
Malonno 10.4 6
Niardo 115.5 6
Paspardo 86.1 9
Ponte di Legno 135.1 3
Saviore dellAdamellq 447.6 5
Sonico 73.4 1
Temu 110.8 5
Vezza d'Oglio 204 2
Vione 49.3 5

4. Discussion
This study showthat, in the Adamello Regional Park, there has been a net increase in forest

expansion since the establishment of the park. This result confirms the trends found in the
literature Bebi et al., 2017)where alpine areas are experiencing an increase in forest coler.
decadal time span allowed a more precise description of the far@gtrdynamics, that showed

a net increase of more than 1000 ha per decade until the 2010. Hence, we could assess that the
trend was towards an afforestation over the years, tifato disturbance occurrediould have
continued in a stable manneWe then identified a net loss of 30 ha of forestagtaover the
decade 2012022, demonstrating that, despite ongoing afforasbn, major deforestation
events have occurred, overturning the continuous trend that was the background to all these
analysesWe address this latest result mostly to the Vaia st¢@hirici et al., 2019; Tecnici, 2019)
that hit the Adamello Regional Park and other regions on Octob®2Pa8, causing the loss of

8 million cubic meters of standingees (Motta et al., 2018) with a consequent loss of many
fundamental ecosystem servicgBilli et al., 2021)It is demonstrated that in the Vaia storm

impactedmostly the Norway spruce, Silver Fir and European béethet al., 2021)however,
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at AD, silver fir and European beech are not very abundant, while Norway spruce forest is the
most extensive in the study are&loreover, during this decade wildfires occurré@iuseppe
Arrighetti, 2022) according to the European Forest Fire Information Systems (EFFIS)
(https:/leffis.jrc.ec.europa.eu). However, the alpine area haa history of fire-related
disturbancegBebi et al., 2017; Valese et al., 201ah)d the magnitude of the change cannot be
attributed to wildfires only. In addition, there is evidence of the widespread presence of the
spruce bark beetlds typographugin the AlpgMassimo Faccoli, 2009; Faccoli & Stergulc, 2004;
Wermelinger, 2004 )which is particularly relevant for Norway sprutiee most abundant species
GAOUKAY GKS t.IChia@ &hampe afigtik baNdbé&etie outbrediassimo Faccol,
2009) and on the forest healtld . 2 OSt QI , fasitivély remIorcingfavest egradation

and reducing the ability of tree individuals to defend themselves against pests. These factors are
likely to be exacerbated by ongoing climate change, which is particularly affecting the Alpine
region (IPCC, 2022n terms of changes in precipitation regimes, accelerated warming and
extreme events. The decade 202022 was a clear indicator of the magnitude of the changes
that can occur due to extreme events, and as these are predicted to increase in frequency and
intensity, we suggest that park management and monitoring cannot avoid taking these events

into account for planning in the near future.

In terms of overall changes, we found that slope and vegetatititudes were the variables

most correlated with the dynamics between forest and Horest. Further research should be
carried out to understand whether there is a causal relationship with slagech resulted in

more deforestation rates were the slope was higher. One possibility could be related to the
instability of high slope areas, in which landslides and avalanches may impact the vegetation
cover. We sought a correlation with the roadpnsidering it a possible indicator of the
relationship between NF and human intervention, being unlikely that timber harvesting occurs
in extremely remotereas. Nonetheless, théhisquaretest resulted in norsignificant statistical
differences, indicating that the values obtained are mostly occurring by chance, and no
association was detected. This result remarked the possibility of biotic and abiotic disturbances
as the main factors dring the FNF changes at the AD. Concerning the classification of forest
usage, we found that the majority of the areas that were converted to forest belonged to the
naturalistic and landscape conservation classes, and this suggest a possible efficiegaigsit

deforestation, however no statistical significance was detected, hence further investigations
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must be undertaken. The major loss in forest occurred in productive classes, and this was
expected due to the management and the destination of the area, while the second category was
naturalistic.The habitat map used for the correlation between vegetation and FNF was published
in 2018, hence it represents the forest attitudes before the Vaia storm, being a reference for
understanding the changes that occurred in the latest dec&lace it is quite recent, we
assumedthat the habitats that corresponded Wi a FNF were reliableHowever, during
fieldwork activities for a previous project on ES, some discrepancies between the map and the
actual vegetation cover of some habitats were, found basem @ituobservations.In particular,

the larch forest resulted mostly mixed witticea abiesr very sparse, while we found that the
green alder shrubland was more extensioe groundthan in the map.From the study, it
emerged that most of the afforestatiomvas related to areas attributable to green alder
shrublands and Norway spruce forests. The result was quite interesting, since it was giving two
important informationaboutthe trends in forest coverAlnus viridiss an earlsuccessionahrub

native from the AlpgDavid, 201Q)that coloniseghe disturbed areas, such as after an avalanche,

or slopesat very fast rateslts habitat range is quite expanded, from medium altitudes to more
than 2000 m.a.s{Richard, 1990)it was reported previously in the Alps the rapid expansion of
this species(Buhlmann et al., 2014; David, 201@nd on the light of the result wean
hypothesisethat this occurring also at the Adamello, belonging to the 43% of points that fell in
no classification according to the PIF. However, this result must be further investigated and
monitored, since the green alder eapds at a very high speed, but can lead to nitrogen
enrichment and suppresses, or decelemtéhe succession towards forestBihimann et al.,
2014) On the other hand, the increase in the area related to Norway spruce could be a in
indicator of the thickening of the already existing forests, and it might be related to the classes
attributed to the areas by the PEomunita montana dell Valle Camonica, 2018)e increase

of the areas suitable for larch forest should investigated with fieldwork validation and high
resolution classification, since from fieldwork activities for another project on ES at the AD, we
detected that most of the forests mapped as laforests at the AD were mixed coniferous forest,
composed both by arix deciduand Picea abiesThus, a validation of all the vegetation cover
must be carried out to determine precisely the species that are expanding, and to give insights
on the future €enarios at the ACDue to the unprecedented changes our world is experiencing,

it is essential to develop monitoring approaches to detect trends in land cover change to help
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managers develop informed management strategies. Extreme events are predicted to increase
in intensity and frequencgStott, 2016; Ummenhofer & Meehl, 2017; Zwiers et al., 2@h8), as

our study shows, can quickly reverse a trend that has been ongoing for detauierstanding

how these episodic events affect ecosystems and their components is for sure challenging, but
crucial for the development of predictive models, beyond the current basis of forest trends and

global warmingUmmenhofer & Meehl, 2017)

5. Conclusion and future perspectives
Through analysis of satellite images, we were able to assess the changes in forest-fmesion

areas in the Adamello Regional Park over the past four decade$in@imgs indicate that there

has been an overall increase in forested areas since the park's establishment, and a consequent
non-forest areas decrease. Though the decadse analysis, we found that forest regrowth was
more significant during the second detsa (20002010) than the first decade, and the major
losses occurred in the decade 202022, in which extreme events (Vaia Storm), severe droughts,
wildfires and biotic disturbances occurred. Despite these challenges, we found an overall positive
trend toward reforestation from 1988 to 2022 within the boundaries of the Adamello Regional
Park however it is fundamental to determine which are the species that extended their coverage,
and this could be done using high resolution satellite data and validation through in situ activities.
This study was crucial for giving a first description ofGhié I y 3S & GKIF G 2 OOdzZNNB R
institution, identifying a trend that was reasonably similar to the ongoing trend of the Alps,
however a forest expansion can also lead to negative effects, such as the reduction of

fundamental ecosystem services, caddy the transition of land cover categories.
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Supplementary materials
TabletM® t N2 RdzZOSNE FyR 02y adzYSNEQ | OOdzNY O& @1 f dzS &

Producers' accuracy

Class Class name 1988| 2000| 2010| 2022
1 Urban 0.83 |0.92 | 0.85 | 0.88
2 Cropland 1.00 | 1.00 | 1.00 | 0.90
3 Dense forest 1.00 | 0.86 | 1.00 | 1.00
4 Sparse forest 1.00 1 0.81 | 0.77 | 1.00
5 Water 0.94 | 1.00 | 1.00 | 1.00
6 Snow 1.00 | 1.00 | 1.00 | 1.00
7 Grasslands 1.00 | 1.00 | 0.88 | 0.82
8 Rocks 1.00 | 1.00 | 0.92 | 0.89
9 Clouds 1.00 | 1.00 | 1.00 | 1.00
10 Barren 1.00 | 0.95 | 1.00 | 1.00
11 Shadow 0.80 | 0.90 | 0.92 | 1.00

Consumers' accuracy

Class Class name 1988| 2000| 2010| 2022
1 Urban 1.00 | 1.00 | 0.85 | 0.88
2 Cropland 1.00 | 1.00 | 0.90 | 1.00
3 Dense forest 0.88 | 0.86 | 0.83 | 1.00
4 Sparse forest 0.7110.94 | 0.91 | 0.86
5 Water 1.00 | 0.93 | 1.00 | 1.00
6 Snow 1.00 | 1.00 | 1.00 | 1.00
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7 Grasslands 1.00 | 0.79 | 0.94 | 1.00
8 Rocks 1.00 | 0.92 | 1.00 | 0.89
9 Clouds 1.00 | 1.00 | 1.00 | 1.00
10 Barren 0.91 | 1.00 | 0.94 | 0.92
11 Shadow 0.92 | 1.00 | 0.92 | 1.00

Gains and losses between 1988 and 2022

Clouds

Non Forest

-5000 -4000 -3000 -2000 -1000 1000 2000 3000 4000
FigureS4.1. Gain and losses in hectares of foresh forest and clouds from 1988 to 2022

Net Change between 1988 and 2022

Clouds .

-3000 -2000 -1000 1000 2000 3000

FigureS4.2. Net cain and losses in hectares of foresin forest anctlouds from 1988 to 2022

TableS4.2. Values of the Chi square test using fnf classification and vegetation type as variables

ChiSquare test

Asymptotic
(bilateral)
Value df significance
Pearson 27,087 11 0.004
Chi squale
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Likelihood 27.693 11 0.004

ration

Cases 219

Gains and losses between 1988 and 2000

Clouds

E—

Non Forest

-2000 -1000 1000 2000 30(

FigureS4.3. Gain and losses in hectares of forast forest and clouds from 1988 t6QD

Net Change between 1988 and 2000
Clouds
Forest

Non Forest
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FigureS4.4.Net cuin and losses in hectares of foresin forest and clouds from 1988 to 2022

Gains and losses between 2000 and 2010
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Figure S15. Gain and losses in hectares of forast forest and clouds fro2000to 2010
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Net Change between 2000 and 2010

Forest

Non Forest

-5000 -4000 -3000 -2000 -1000 0 1000 2000 3000

Figure $1.6. NetGain and losses in hectares of foraenh forest and clouds froi2000to 2010

Gains and losses between 2010 and 2022

Clouds

Non Forest

-3000 -2000 -1000 1000 2000 3000 4000

FigureS4.7. Gain and losses in hectares of forash forest and clouds fro2010 to 2022

Net Change between 2010 and 2022
Clouds
Forest

Non Forest

-2000 -1500 -1000 -500 0 500 1000 1500 2000 25

FigureS4.8. Net aqain and losses in hectares of foresin forest and clouds fro2010 to 2022

Table $1.3. Overall change from 1988 to 2022

Category Decrease to Area Increase due Area Net change
to
Forest Non forest 910 Non forest 3523 2914
Clouds 155 Clouds 456
Nonforest Forest 3523 Forest 910 -3315
Clouds 1329 Clouds 627
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Clouds Forest 456 Forest 155 401

Non forest 627 Non forest 1329

Table S4 4. Decadewise change towards NGRORESTED areas in hectares in each municipality and relative change

in percentage on the total extent of the municipality

Change in Area from Forest to Non Forest

Total area

municipality 19882000 20002010 20102022 19882022

(ha)
Municipality Change % Change % Change % Change %

(ha) (ha) (ha) (ha)

Berzo Demo 1366 14 1 53 4 26 2 12 1
Bienno 1287 74 6 27 2 130 10 73 6
Braone 1208 51 4 16 1 61 5 14 1
Breno 5155 108 2 160 3 345 7 124 2
Cedegolo 1063 22 2 25 2 28 3 13 1
Ceto 2934 53 2 40 1 195 7 58 2
Cevo 3546 101 3 66 2 166 5 57 2
Cimbergo 2415 81 3 57 2 119 5 42 2
Edolo 5485 109 2 49 1 130 2 63 1
Incudine 923 28 3 8 1 25 3 20 2
Malonno 184 3 2 24 13 13 7 8 4
Niardo 2012 75 4 27 1 93 5 18 1
Paspardo 925 27 3 25 3 27 3 13 1
Ponte di 4363 217 5 114 3 122 3 85 2
Legno
Saviore 8391 108 1 100 1 330 4 105 1
dell’Adamello
Sonico 5542 104 2 93 2 206 4 127 2
Temu 2054 78 4 44 2 67 3 39 2
Vezza d'Oglio 1083 41 4 6 1 23 2 14 1
Vione 986 66 7 19 2 25 3 15 2
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Table S5 Decadewise changeowards forested areasn hectares in each municipality and relative change in

percentage on the total extent of the municipality

Change in Area from Non Forest to Forest

Municipality
Berzo Demo
Bienno
Braone
Breno
Cedegolo
Ceto

Cevo
Cimbergo
Edolo
Incudine
Malonno
Niardo
Paspardo
Ponte di
Legno
Saviore
dell’Adamell
0

Sonico
Temu
Vezza
d'Oglio

Vione

Total area

municipal

ity (ha)

1366.1
1286.6
1207.6
5154.8
1062.9
2933.9
3545.8
2415.2
5485.5
922.9

183.8

2012.3
924.5

4363.0

8391.1

5541.8

2054.2

1083.0

985.7

19882000
Change %
(ha)

164 12
59 5
52 4
289 6
68 6
196 7
250 7
192 8
128 2
23 2
32 17
98 5
66 7
104 2
382 5
188 3
86 4
23 2
26 3

20002010
Change %
(ha)

53 4
27 2

16 1
160 3
25 2
40 1
66 2
57 2
49 1
8 1
24 13
27 1
25 3
114 3
100 1
93 2
44 2
6 1
19 2

20102022

Change
(ha)
49
46
25
180
17
39
89
58
99
11

25

41

168

94

66
46

29

%

A AP A P DN WO RPN OODN DD

19882022
Change %
(ha)

177 13
128 10
91 8
381 7
75 7
248 8
358 10
233 10
303 6
34 4
18 10
133 7
99 11
220 5
552 7
201 4
150 7
34 3
65 7
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Abstract

Protected areas play an important role due to their twofold capacity for biodiversity conservation

and the provision of many benefits to human weding. Tourism can be a tool for protecting
nature, SY KI yOAy 3 LIS2L)X SQa &aSyaArAdAgradeszr FyR | GKN
AYyO@SaGA3IlrGSa dzASNBQ FdGAGdzZRSE FyR LISNOSLIIA 2
frequentation of two protected areas in the Italian Alps: the Gran Paradiso NatiorladRdrthe

Adamello Regional Park. We carried out 32 sstmictured interviews with park managers and
municipalities to identify their perception of tourism and possible threats related to the use of

the parks. Thus, we administered questionnaires to 3@86rs of the PAs to investigate their

attitudes and perceptions. We made considerations on whether there were similarities in the
attitudes identified by the park managers and results of the questionnaires. Questionnaires
O2Yy TANNSR (KS Ylofyfrlass ®EDregaiGinglorialyldtdy2afid the purpose

of the visits, but we could not exhaustively confirm the increase of new visitors. We performed a
binary logistic regression to understand the relationship between stesrh stays and attitudes

of WM AAG2NR O02NAIAYS FNBIdzSyOe 2F @AraAridasx adal 1St
interviews stated an exacerbation of the growth of visitors due to the CQ9Ipandemic; thus,

we investigated if the pandemic changed the assiduity ofsyisihd half of the users claimed a

change in their assiduity of visits, but mostly declared a decreased frequentation of the area.
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1. Introduction
Mountain environments and Protected Areas (PAs) are highly appreciated as tourist destinations

for enjoying nature and carrying out outdoor activitiéScolozzet al, 2015; Tenerellet al,

2016) The Alps are the most frequented mountain regions in Europe and represent one of the
earliest forms of tourisnfRomeo R., Russo L., Parisi F., Notarianni M., 26&h)around 120
million tourists per year. Protected areas have a twofold capacity: they are a tool for biodiversity
protection and contribute to human welleing. These areas, in fact, provide many benefits to
human wellbeing including physical healthemieuxet al., 2012; Kenigeet al., 2013) mental
health(LaPage, 2005and social and cultural benefiisemiewset al.,, 2012; Kenigeet al.,, 2013)

In this context, tourism plays a key role as an intermediary between protected areas and human
well-being. Tourism is a resource for mountain econonfiRswitzeret al., 2017) providing an
income to residents; however, it can also represent a threat to mountain ecosystems and their
biodiversity (Buckley, 2004) Moreover, tourism is also a resource that can lead to the
achievement of many of the 17 Sustainable Development Goals (SDGs), contributing to natural
resource conservation, job opportunities, and sustainable produdfRomeo R., Russo L., Parisi

F., Notarianni M., 2021Hence, tourism can contribute to conservancy objectives, helping in
building resilience to climate chandBuckley, 2011and spreading environmental awareness
through stakeholders. On the other hand, regarding the type of activities related to mountain
tourism, as highlighted by the 9th World Congress on Snow and Mountain Tourism (UNWTO,
2016), there is a current tendency people visiting mountain areas for the purpose of seeking
sport and adventure tourism or health tourism. These practices do not threaten the environment
intrinsically, but some activities in particular seasons can affect biodiversity conservation
(Spenceley, 2008thanging the composition of communitiés] | Y! 2 3 | w~! ¥X HAanp
al., 2010)and threatening terrestrial wildlif§Buckley, 2004)such activities include hiking or
climbing. Hence, sustainable tourism in mountain areas is a key concept for conservation
strategies, aiming to maximize the benefits while reducing the negative impacts on the
environment(Cozmaet al., 2021) Another topic of high interest in this study is mass tourism,
but since there are still some uncertainties in its definitiviainikka, 2013here we define the

term mass tourisnas referring to a huge number of tourists that visits a particular area, generally
in shortterm stays, and not integrating with local communities (this, in some cases, could also

be defined aspeed tourismbut for clarity reasons we will address this phenomenon usiags
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tourism only). During 2020, the outbreak of the COMMD pandemic caused a variation of
touristic fluxes due to the travel restrictions and lockdowns, whereas during the summer of 2020
and 2021, the period where our studies were carried out, the safety restngtiwere eased,
except for local lockdowns. The COM® pandemic offered a widespread possibility of
reconsidering the importance of nature and outdoor activities. Despite the general reduction of
travels worldwide due to the COVID pandeigWorld Travel and Tourism Council (WTTC), 2021)
that caused a loss of 4.5 trillion $ of GDP, there is a local effect related to the study areas

considered that shows a countertendency with the global one.

AAAAAA

¢KS YFIAY IAY 2F (GKA& NBaSINOK gta G2 RSGSOU
dzy RSNE Gl YR AT GKSNB gSNB aAYAtFINARGASA Ay GKS
declared use of the parks by different categories of users. Regatlingles, we mainly focused

on the following topics:
OMO ¢2dzNAaiaQ 2NRAIAYS LIzNILIR2 &S 2F (KS grardax

(2) Mass tourism, in terms of duration afieéquency of the visits, percentage of new visitors,

and related activities;
(3) The effects of COVI® on the fruition of the areas.

We aimed to integrate these two sources of information to understand if there was a common
ground regarding the PAs between two different categories of PAs, such as managers and visitors,
and to monitor the attitudes towards touristic activities to compeetd the trends and the
dynamics of tourism in the PAs and to support ideas for the monitoring of tourism in the Alpine
environment, which matches with biodiversity conservation objectives. We then tried to suggest
some ideas in the discussion for an in&re type of planning and decision making, which

considers users as a key point in the process.

2. Materials and methods

2.1. Study Areas
The selected two study areas (Fig&rd 1), the Adamello Regional Park and the Gran Paradiso

National Park, both situated in the Italian Alps, belong to a broader study on the evaluation of

ecosystem services in alphpeotected areas that we are carrying out. The areas share common
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features, such as altitude, vegetation cover, and soil types, and are areas with a high naturalistic
and conservation value. However, they had a different story and are regulated by two different
laws; thus, we can assume that there may be some differenrcéise management strategies

and fruition of the areas.

Adamello
Regional
Park

Gran Paradiso
National Park

Figure5.1..1. Map of the study areas: on the left is the Gran Paradiso National Park and, on the right, the Adamello

Regional Park.

TheAdamello Regional Park was founded in 1983 by the regional law n.79/1983 and is situated
in the North of Italy, in the region of Lombardy. The elevation ranges from 390 to 3539 m.a.s.l.,
representing the peak of its highest mountain, the Adamello. Duéitrange and its 51,000 ha

of coverage, different types of vegetation cover exist, achieving a great number of patches of
vegetation covers and habitats. The park provides a huge number of services from sports
activities, such as hiking or climbing, totural and cultural activities, such as the Museum of
petroglyphs. According to the ISTAT data on the touristic denBitg composed index includes
information on the touristic offer (e.g., number of sleeping accommodations for 1000
inhabitants), on the demand (e.g., number of tourists), and on the economic activities related to
tourism (e.g., number of employees in the t@m sector). It is ranked between 0 (no tourism)
and 5 (fifth quintile of touristic density). See https://www.istat.it/it/archivio/2491 (accessed

on 10/02/2023) for further details sixteen out of the nineteen municipalities that are included

in the protected area have a touristic vocation. Among these municipalities, the majority is
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defined as mountain municipalities with cultural, historical, artistic, and landscape vocation. Eight
municipalities have a high (Breno, Edolo, Vione) or very high (i.e., Ponte di Legno, Temu, Cevo,
{I GA2NB RStftQ!'RIYStft2y ST 1T+ RQh3ItA20 (2dzNR A

The Gran Paradiso National Park was founded in 1922 and is the oldest National Park in Italy. It
is regulated under the Framework Law 394/91 and covers an area of approximately 70,000 ha,
encompassing two regions (Piedmont and Aosta Valley). The elevanges from 800 m to

4061 m, represented by the peak of the Gran Paradiso Mountain, which is one of the most
famous European summits. Many activities are provided and supported by the park, covering
many possibilities from sports tourism to natural andtetdl tourism. The ISTAT indicator on
touristic density shows that the municipalities in the Gran Paradiso National Park are very
attractive places for tourists. Ten out of thirteen municipalities are ranked as very high touristic
places. They are classeifi as mountain municipalities with cultural, historical, artistic, and
landscape vocation. In comparison, the touristic density in the Gran Paradiso National Park
municipalities is higher than the Adamello Regional Park municipalities (mean of 3.8 v@rsus 2

in an index that goes from 0, no tourism to 5, fifth quintile of touristic density).

2.2. Interviews and Questionnaires
Our campaign was structured in two different steps to investigate the diverse opinions of

different stakeholder categories. First, we carried out sstmictured interviews (Tabl8.5.11)

GAGK LI NJ] ¢62N]ISNA yYyR GKS YdzyAOALI ft AGASAQ NBL
encompassed mainly questions about activities offered by the park and municipalities, criticism

in the relationship with touristic attitudes, and the effea$ COVIEL9 on touristic activities.

These interviews allowed us taftire out the criticisms related to tourism and protected areas.
Additionally, we categorized park users through the compilation of a list of main stakeholder

categories after a consultation with each park.

Second, we administrated a questionnaire (Tabfel®) over two months (July to August 2020)

to different stakeholder categories (Tablé3o 0 X GNBAY3A (2 O20SNI Fff (K
random sampling criterion, and we administered questionnaires in the place of interests of the

PAs. In addition, the questionnaire was published on{danedoli & Rota; Claudia & Noena)

collect data from park users remotely. The final sample size contains a total of 3399 respondents

(1059 for Adamello Park and 2340 for Gran Paradiso Park), representing diverse socio

167



RSY23INI LIKAO 3INRdzLIA ' YR RAFFSNBYG LI N] dzASNBRQ
considering all the possibilities related to protected areas, ranging from tourism to park workers.

The structured questionnaire encompassed a list of clemeniver questions that aimed to
RSAONAGS dzaASNRQ | GGAGdzZRSE (261 NRa GKS t!aszs 02
category, (2) frequency and duration of visits at the PA and activities carried out, (3) perception

of natural areas and changasthe frequency of visits after COVID, and (4) biographical data.

2.3. Data Elaboration
The semsstructured interviews were registered and saved in written format, to allow data

elaboration. Regarding questionnaires, we first elaborated the provenience of stakeholders using
the software Tablea(Chabotet al., 2003) We clustered the activities carried out in the park into

16 mixed categories, created from the association of the main activities (relaxing, cultural,
nature, sport, gastronomic tourism). Then, we standardized data in Z¢abodk, 2007}0 allow

better comparison between the PAs.

Concerning frequency and duration of visits, we only analyzed data from users which declared to

be tourists to avoid bias, since this type of information was required for correlating results with
YIEYFISNEQ LISNOSLIGIAZ2Y 2y (tgtaaidodrist eespondebt& for@gng 2 NBE |
Adamello Regional Park (AD) was 896, while for the Gran Paradiso National Park (PNGP), it was
2096. Regarding the topic of shddrm stays in tourism, we tried to detect if there were relevant
differences in the duratin based on the type of activity. We first evaluated the duration of the

stay, then we clustered the type of stays into two, considering stesrh stays (one or two

nights) and londerm stays (one week or more) according to the Eurostat descriptionusisio

trip length (Eurostat)

We compared the duration of the stay with the activity carried out to detect which categories
were related to shorterm stays. To understand if there was a new flux of visitors, we
investigated the answers regarding the frequency of visits, with a péatiéocus on visitors that
declared to be on the first visit. Again, we sought to find relationships with the activity categories.
We then evaluated if there were changes in the frequency of visits after the CI9\fiBndemic,

in order to detect if there wre any variations as stated in the seshiuctured interviews, and

6S Ay@SadA3alriSR O2NNBtFGA2ya 6AGK GKS adl {SK2
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¢ KdzaZ ©6S LIS NF 2Tesr(Blackett, $983)Eiy\fhe software StatSoft Statistica
(StatSoft, 2001)to investigate the relationship between categorical variables. In this case, we
clustered the replies from both PAs in one database and carried out analysis using data from both
PAs merged since we aimed for a broader investigation of touristic activfi®m the semi
structured interviews, a concern emerged regarding mass tourism, represented mostly by short
term stays. We wanted to explore the impact attitudes of users on the duration of the stays,
focusing on shorterm stays. We performed a binargdistic regression with the software IBM
SPSS Statistics P@erma, 2012Jo determine the relationship between the binary categorical
outcome of shortterm stays (0: long term, 1: short term) and the other categorical variables
O2fft SOUSR Ay (KS [[dSadAirz2yyltANBa o0FNBIldsSSyoes |
data). The forward stepwise methdB8ewicket al., 2005)was used to choose the fitting variables

for the model; standardized coefficients (B) and odds rations Exp(B) were calculated. We

assessed the fit of the model using the Nagelkerke pseddmdRthe percentage of correctness.

3. Results

3.1. SemfiStructured Interviews
Concerning activities carried out, in both the PAs, the respondents highlighted a predominance

of nature tourism, outdoor activities both for winter season (skiing and snowshoeing) and
summer activities (biking, climbing), and cultural tourism related érgmlyphs at the AD,
whereas at the PNGP, cultural tourism was defined more marginal and related to religious events
due to the presence of sanctuaries allocated at high elevations. Food tourism was the least

considered and mainly related to specific etefor both PAs.

Thus, interviewees expressed a concern regarding sport outdoor activities; in fact, even if sport
outdoor activities are generally considered sustainable, these can affect fauna during the more
fragile seasons (i.e., the breeding season). Due to the peddiuge number of tourists that are
approaching mountain environments for the first time, park managers raise the issue of safety
during outdoor activities, related to poor knowledge of the environment and inadequate
equipment. In both the study areas, vdetected that stakeholders perceived an ongoing trend
towards an increase of visitors. Here, we found that, generally, municipality representatives

consider the growth of tourism more as a relevant source of income. Park managers also pointed
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out tourism as a possible source of income, but they expressed some concerns regarding the
possible effects on biodiversity conservation. At the PNGP, some municipality representatives
declared the problem of local infrastructures, deemed inadequate fergiowing touristic flux,
stating that the larger number of cars circulating across the protected area caused some traffic
congestions and led to restrictions and fines. This concern was also expressed by park workers;
at the AD for instance, managers stdtthe need to govern and limit car mobility, promoting the

use of bikes and other nemotorized vehicles. However, in both the PAs, managers also
expressed a concern regarding the risks of an increase of visitors regarding biodiversity
conservationandtdzZNA a1 4 Q 0SKIF GA2NXP C2NJ AyadlyoSz Id (K
of drones were indicated as a possible threat to the fauna of the ffddscardoet al., 2002;

Orams, 2007; Tadesse & Kotler, 201&)the PNGP, managers also feared the impact of human
activities with threats related to naturalistic photography, climbing, and activities with motorized
vehicles. In both the PAs, there was a perception that the number of tourists was inversely
proportional to the quality of tourism; there was a claim for a higher quality of tourism, in terms

of a higher interest in the territory, community, traditions, and the environment, in which the
tourist could perceive himself as an inhabitant of the territoryor€bver, some interviewees
proposed limiting access to places of biodiversity conservation concerns. At the AD, a park
manager highlighted the necessity of park rangers to control tourism activities and, where
appropriate, penalize the actions that damdgjediversity. An important difference between the

two areas of study is that the PNGP is equipped with a Park Guard, the park rangers, which among
its tasks include monitoring and surveillance of the activities carried out within the protected
area, whilethe AD is not equipped with this type of monitoring. Most of the respondents
highlighted mass tourism as the biggest issue concerning the PAs, defined generally by the
respondents as onday stays tourism or very short stays, and huge numbers of toulss
tourism was depicted as a high number of cars across the boundaries of the PAs, the consequent
disturbance on fauna, and a crowding along the hiking trails. At the PNGP, some interviewees
indicated the quality of tourism as declining, mostly becausehe oneday stay trips, which, in

some cases, led to a more stressful working condition for some touristic and restoration workers
due to pretentious and nervous behaviors of visitors. Furthermore, an issue emerged related to
the expectancies that touris can have concerning park services, and the contrast between the

more relaxed rhythms of mountain areas and the faster rhythms of cities. The lack of knowledge
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of the correct behavior to be adopted in the mountains was a trait highlighted by all the

interviewees.

However, there was a consensus in the fact that there was a new sensitivity towards natural
areas above all, after the COVIP pandemic, leading to many people having their first visit to
mountain areas; the concern here was to appropriately inform thev nasitors of basic
background information to properly tackle the mountain, act carefully, and behave appropriately
for safety purposes. At the AD, park workers highlighted the responsibility of PAs in helping new
visitors in developing the appropriate baior in mountain environments. Eventually, all the
interviewees agreed with the fact that after the COMI® pandemic, the number of visitors
increased exponentially. At the AD, municipality representatives distinguished winter from
summer tourism; in fag during winter, there were a lot of travel restrictions, thus tourism was
completely blocked with huge economic consequences, whereas during the summer season, the
travel restrictions were related to foreign countries, allowing only sliistance tripsthus many
tourists spent the holidays at the AD. At the PNGP, the municipality representatives stated that
the COVIEL9 pandemic boosted the already existing positive trend in tourism. For both PAs, the
perception of this increase of tourism led to thenoern of its duration; in fact, interviewees
wondered if the trend was permanent or only a temporary effect of the international travel

restrictions, which led tourists to visit PAs as a recovery plan related to COVID.

3.2. Questionnaires
3.2.1. Origin, Purpose of Visits and Activities Carried Out
A total of 3399 questionnaire interviews were collected, 1059 at the Adamello Regional Park and

2340 at the Gran Paradiso National Park. Concerning the Adamello Regional Parks(E@jre

78% of the respondents were residents in Lombardy, the region in which the park is situated,
whereas the PNGP had significantly lower valpes@.0001), with tourists coming from outside

the regional boundaries of the PAs, mainly from Lombardy (32%) and Piedmont (32%). The
international tourists were just an irrelevampart of the sample: 4 at the AD, from France,
Portugal, and Germany, and 8 at the PNGP, from Germany, Austria, Vietnam, Belgium, France,
and the Netherlands. At the time of the survey, international travel restrictions were

implemented in many places,fatting the presence of foreign tourists in Italy.
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Concerning soctdemographic information (Table51.4), in the Adamello Regional Park, the
highest number of responses came from the age classes <20, from 21 to 30 and from 41 to 50,
with little higher values in the female gender (55% of the responses). In the Gran Paradiso
National Park, the highest respsm values came from the age classes of 41 to 50 and 51 to 60;

the female gender (54% of the responses) was slightly higher than males.

PNGP AD

Austria o

T S Hur

FSWwitzerand o

Figure5.1.2. Provenience and percentage of the totality of users at the Gran Paradiso Nationale®griar({d

Adamello Regional Parkight).

Concerning the Adamello Regional Park (T&del), most users (48%) declared carrying out
FOGAGAGASAE SyO2YLI d3aSR Ay GKS alftf OF(dS32NA¢
represented by tourists which look for natural and sport tourism (10%), sport tourism (8%), and
cultural, naturalistic, andport tourism (8%). The gastronomic tourism reached 7% of the total,
only if aggregated with nature and sport tourism. Considering the single categories, sport tourism
was the most considered, confirming tlperception of the semstructured interviews, while
gastronomic was the least considered. Concerning the PNGP, as for the AD, most users declared
to do all type of activities, but reaching only 25% of the total. Nature and sport tourism accounted
for 21% & respondents, whereas the third most considered type was cultural, naturalistic, and

sport tourism (16%). Sport tourism itself reached 11%, while nature tourism 5%. The least
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considered was cultural tourism itself, together with the relaxing tourism, reaching less the 1%

of replies.

Table5.1.1. Activities carried out by tourists at the PAs.

What Are Your Recreational Activities in t

AD

(n°

AD % of thPNGP
ol

PNGP % «

Park? Total (n°of Replies) the Total
Replies)

All categories 428 48% 519 25%
Cultural and gastronomic tourism 3 0% 3 0%
Cultural and nature tourism 30 3% 7 0%
Cultural and sports tourism 21 2% 56 3%
Cultural tourism 7 1% 4 0%
Cultural/gastronomic/naturalistic tourism 31 3% 3 0%
Cultural/gastronomic/sports tourism 16 2% 37 2%
Cultural/naturalistic/sports tourism 75 8% 331 16%
Gastronomic (food and wine tourism) 3 0% 26 1%
Gastronomic andhaturalistic tourism 13 1% 2 0%
Gastronomic tourism and sports 21 2% 50 2%
Gastronomic/nature/sports tourism 59 7% 277 13%
Nature and sports tourism 87 10% 443 21%
Nature tourism 19 2% 95 5%
Relaxing 7 1% 4 0%
Sports tourism 76 8% 237 11%

To disentangle the activities and to carry out a comparison between the PAs, we evaluated the

number of replies containing each of the activities mentioned; thus, we standardized in Z scores
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to better compare the PAs (FiguBel.3). On the one hand, the AD had more homogeneous
values for the categories, with sport and nature tourism as the predominant purpose of visits,
and relaxing purposes as the category that was least considered. On the other hand, in the PNGP,
sport tourism vas predominant, followed by nature tourism, while gastronomic and cultural
tourism were less considered compared with the AD. This can be explained by the fact that
Adamello Park is a smaller and relatively li#tleown park, while Gran Paradiso Park is a
notorious protected area known to the general public and especially to climbers and
mountaineers, who find there very renowned climbing walls and peaks. For instance, the Gran
Paradiso Peak is considered a notorioustohation for alpinism, since it is the only 4000 m peak
entirely within Italian boardergGiani & Cardellina)Furthermore, these differences emerged
during the semistructured interviews, where at the ABtakeholders stated the presence of
many sources of tourism, encompassing natural, outdoor and sport activities, and cultural, above
all related to the presence of petroglyphs. At the PNGP, we observed a higher preference for
sport tourism; thus, we can agme that given its high reputation as a destination for outdoor
mountain lovers and relevance as the first Italian park, the type of tourism was more targeted

towards sport tourism carried out in nature.

Activities at PAs

7 AD ZPNGP
Relax

2,00000
1,00000

Enogastronomic 0,00000 :
- ~1,00000 Cultural Tourism

-2,00p00

S

Sport Tourism Nature Tourism

Figure5.1.3. Type of activities carried out at the AD (ZAD) and PNGP (ZPNGP) standardized in Z scores.

3.2.2. Mass Tourism: Duration of the Stay, Frequency Related to the Purpose of Visits
Most interviewees affirmed that the duration of their stays was one day long, with a common
trend in both the PAs. This data (Figiré.4) matched with the results of the sessiructured

interviews, where municipalities and park managers stated the issue of-tdrantstays in the

174



PAs. The Adamello Park had higher values ofdayestays (37%) compared with the Gran
Paradiso (34%), but this category had the highest values in both PAs. The Gran Paradiso National
Park resulted in higher values for longer stays than the Adamello Redtark, with 19% of users
stating that they stay more than two weeks, compared with 10% at the AD. The least considered
type of permanence was the twaweek stay, with a value of 10% for both PAs. Here, the results
matched with the interviews; in fact, theategory of overnight stays was much higher than all

the others, reaching values almost twice that of longer stays (e.g., two weeks stays or more).

Duration of the stay
37%

0,
30% 28%
0,
21% 19%
20% 16% 15%
10% 10% 10%
10%
0%
% PNGP % AD
One day stay 1/2 nights stay 1 week stay
2 weeks stay More than two weeks

Figure5.1.4. Duration of the stays in percentage at the PAs.

The AD showed a total of 55% respondents on stearh stays, whereas the PNGP had 50%. We
can assume that this could be related the different origin of visitors, which were mostly related
to a local tourism at the AD, whereas at the PNGP, we detectedresto with a longer range of
distance, suggesting that people spend more time in accommodations at the PAs due to the
longer trip (for clarity purposes, we did not consider the mixed category encompassing all the
activities, which could be misleading fdret detailed description of categories and duration).
Among the categories that showed a preference for longer term stays (bahB) were those
related to cultural/naturalistic/sports tourism (57% AD, 60% PNGP) and relaxation tourism (50%
at PNGP, 56% at AD). Atthe PNGP, the categories of tourists that reached the highest percentages
declaring to do shorterm stays were gastrononfigature tourism (67%), gastronomic tourism
cultural/naturalistic tourism and cultural/sport tourism, both reaching 60% dfpondents,
cultural tourism (56%), and nature tourism (55%). At the AD, the categories that showed higher

response rates for shoterm stays were cultural/gastronomic tourism, cultural tourism, and
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gastronomic tourism, reaching 100% of responses each; this was followed by gastronomic/sport
(77%), gastronomic/nature tourism (71%), and cultural/sport tourism and cultural/nature
tourism, reaching 67% of respondents. Even though the percentages wertystigferent, we
encountered similarities between the PAs in the categories which declared shorter term stays.
The sport tourism category only reached similar values in both the study areas, with 56% of
respondents at the AD and 55% at the PNGP, suggetstat the perception that emerged from

the semistructured interviews, in which stakeholders declared a relationship between sport
activities and shorterm stays, could be confirmed mainly if we consider it along with the
percentages of mixed categori@ncompassing sport tourism (e.g., cultural/sport tourism for
both PAs). Since we were considering natural protected areas, we also focused on activities
related to nature; for both the PAs, we obtained similar values, with a higher percentage of short
term stays with visits for nature purposes only, showing higher values of-wrantstays at the

t bDt 6co20 GKIYy (KS | 5 -égpagsiestdve ettt asignSicarit S| NA :
relationship p = 0.0000) of longerm stays with the category of cultural/nature tourism. Nature
tourism resulted in the category with the highest percentages of short duration of visits for PAs
merged, showing a tendency of overnight stays only, whereas the catedtuyattnature/sport

tourism showed the opposite tendey.

Table5.1.2. Duration of the stay related to the type of activity carried out at the PAs.

Short term stay Long term stay
Gran Paradiso Adamello Gran Paradiso Adamello
number number number number
% of the % of the % of the % ofthe
of of of of
_ category ) category ) category ) category
replies replies replies replies
Cultural and gastronomi
tourism 2 50 3 100 2 50 0 0
Cultural and naturalisti
tourism 6 60 20 67 4 40 10 33
Cultural and sports tourism 38 60 20 67 25 40 10 33
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Cultural tourism 5 56 7 100 4 44 0 0

Cultural

tourism/gastronomic/naturel 2 67 19 54 1 33 16 46

Cultural/gastronomic/sportg

tourism 20 44 13 62 25 56 8 38

Cultural/naturalistic/sports

tourism 141 40 39 43 214 60 52 57

Gastronomic and nature

tourism 2 67 10 71 1 33 4 29
Gastronomic tourism 16 55 3 100 13 45 0 0
Gastronomic and sports 31 52 17 77 29 48 5 23

Gastronomic/nature/sport

tourism 147 49 33 46 153 51 39 54
Nature and sports tourism 246 50 57 53 248 50 51 47
Nature tourism 64 63 13 59 37 37 9 41
Relaxation 2 50 4 44 2 50 5 56
Sports tourism 157 55 48 56 130 45 38 44
Total 879 50 306 55 888 50 247 45

Regarding the frequency of visits (Figbté5), the majority of the respondents were recurrent
visitors in both the PAs. Similar values between the areas also emerged in thafestisitors

(19% of replies rate in both the PAs). The PAs showed some slight differences in respondents that
have viged the PAs less than 3 times, with values higher for the Adamello (27%) than the Gran

Paradiso (17%). However, the PNGP had higher values compared with the AD regarding recurrent
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Figure 51.. Frequency of visits at the PAs in percentage referring to the total answers of visitors.

We highlighted for both PAs (Tabl& 3 5) that the category ofisitors related to cultural tourism

was the one with the highest percentage of new visitors (57% AD, 60% PNGP), while relaxation
activities had the highest percentages in the assiduity in the visits at the PAs (78% AD, 100%
PNGP). Sport and nature tourismere mainly related to recurrent visits, with values close to 50%

for both PAs, and were evenly distributed in the frequency in the remaining categories. This
general trend could be counterintuitive if compared with the previous ssimictured
interviews where interviewees declared an increase of new visitors that visited the areas, but

we must state that there was an overall 20% of respondents of both PAs that declared that it was
their first time visiting the PA, partly confirming the perception of nesitors, but with a
RAFFSNBY UG LdzN1J32aS a adl SR FTNRY 2téskidr thel y I 3 S
relationship between the variables of the frequency of visits and activities; we observed
significant evidencep(= 0.00001) to conclude that theis an existing relationship between the
recurrent assiduity of visits and the categories of enogastronomic/nature/sport tourism, nature
tourism, nature/sport tourism, enogastronomic tourism, cultural/nature/sport tourism, sport
tourism, enogastronomic/spar G2 dzNAayYz altf OFGS3I2NASa¢ | yR

tourism.

Since the shorterm stays were pointed out as one of the main concerns of the s¢émctured
interviews, we carried out hinary logistic regression analysis (TalBld€s3 and5.14) to test the

relationship with the other attitudes detected. The significant variables identified with the
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forward stepwise method for both the PAs include recurrent visits, origin, natural activities,
stakeholder category, and senior visitors. In the case of the PNGP, cultural activities and first
time visitors were also considered, while at the AD, sportvaes and young visitors were
chosen. The pseude at the AD was 0.3hnd 0.30 at the PNGP, indicating that 30% of the
variance in the outcome variable can be explained by the predictor variables. Even though we
recognize that this is not perfectly fitl§j, we assume that our variables fit our model moderately
well, due to the huge complexity of a variable as the duration of stays, which could be related to
many other variables that were not encompassed in the questionnaire. The percentage of
correctnessjndicating how much the model correctly predicted the outcome, was 72% at the
AD and 71% at PNGP. The results of the binary logistic regression showed that both areas resulted
in a significant positive relationship € 0.001) with the stakeholder categoof residents outside

the PA, whereas a negative relationshp< 0.05*%;p < 0.001**) was detected for recurrent
visitors*, interregional visitors*, senior visitors**, and sport activities*, suggesting that these
categories were less likely to result in a shi@itm stay. It was interesting that at the PNGP, the
activity categoles negatively related to shoeterm stays were cultural activities and sport
activities, whereas at the AD, they were nature and sport activities. Food and relaxation
categories wre excluded from the forward stepwise due to their low significance. Moreover, at
the PNGP, we also encountered a positive relationspig 0.001) between new visitors and

short-term stays.

Table5.1.3. Results of binary logistic regression analysis using the binary dependent variable ¢éshatays (O:

long term; 1: short term) as dependent variable at PNGP.

Independent Variables B S.E. Wald gl Sign. Exp(B)
Recurrent b1.153 0.122 89.997 1 <0.001 0.316
First visit 0.589 0.139 17851 1 <0.001 1.801
Interregional
b1.428 0.117 149.692 1 <0.001 0.240
origin
Cultural activities £0.378 0.103 13.341 1 <0.001 0.685
Senior visitor £0.331 0.121 7.450 1 0.006 0.718
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Resident outsid

0.813 0.223
PNGP
Owner secon

£0.962 0.161
house

Sport activities  £0.431  0.206

13.267 1
35841 1
4.389 1

<0.001 2.255
<0.001 0.382
0.036 0.650

Table5.1.4. Results of binary logistic regressimmalysis using the binary dependent variable of stkemin stays (O:

long term; 1: short term) as dependent variable at AD.

Independent Variables B S.E. Wald gl Sign. Exp(B)
Interregional origin  £0.526 0.178 8.714 1 0.003 0.591
Nature activities £0.823 0.209 15545 1 <0.001 0.439
Sport activities £0.986 0.249 15.724 1 <0.001 0.373
Recurrent visitor £1.489 0.185 64.857 1 <0.001 0.226
Young visitor 0.806 0.166 23511 1 <0.001 2.238
Senior visitor 50.535 0.239 5.028 1 0.025 0.586
Resident outside AD 1.880 0.535 12374 1 <0.001 6.555

Owner second hous
50.502 0.235 4.553 1 0.033 0.605

AD

3.2.3. The Effects of COMID on Attitudes

About 40% of respondents claimed a change in the frequency of visitsGO®IBEL9; despite

this not representing the majority of respondents, it shows a tendency of change of almost half

of the respondents. Users who indicated a change in the frequency of visits to the parks were

asked if the variation was in a positive (moisitg) or a negative way (less visits). About 65% of

users at the PNGP and 70% of those at the AD stated that there were changes in their frequency

in terms of less frequent visits.
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The categories (Table5515) that mostly experienced a negative change in frequency (Figure
54¢0 G GKS !'5 gSNBE dayl GdzNI t AAGAO0 aa20A1F GA2Y 3
PNGP, the major changes were in the categories of owner of a second house and tourists. The
AD had higher percentages of variation (50%) for the category ofaoraft and producers than

the PNGP (15%), and for tourism workers and employees of the park, with a 20% difference
compared with the PNGP. On the other handsidents and researchers changed more the
frequency of visits at the PNGP than the AD. Investigating if the changes were towards more or
less frequent visits (Table5516), we observed an overall reduction of visits in both PAs. Similar
percentages of changes were found for most of the categories, with the exception of: (1)
employees of the parks, which showed a complete opposite trend, with a total reduction of visits
at the PNGP; (2) researchers, which declared unanimously to have more frequent visits at the
AD, rather than the PNGP with only 57% of the total; and (3)g2ouworkers, with a total 100%

of less frequent visits at the AD and 88% at the PNGP.
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4.DISCUSSION

4.1. Origin of Visitors and Activities Carried Out
Concerning the origin of the visitors, we detected a significant difference between our study

areas, having a local tourism centered inside the regional boundaries at the AD, and an
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interregional tourism at the PNGP. This was an expected result, due to the diverse tourist
vocation of the two areas and the fact that the PNGP is more publicly known, due to its relevance
as the first Italian National Park. Concerning activities carnggvee found many confirmations

of interview statements in the questionnaire results. From both the PAs emerged a common
GNBYR 2F I LINBR2YAYIlI YOS 2F (KS aStSOutAzy 2F a4l
half of respondents selected thiption. This differenceould be due again to the diverse history

of the PAs; in fact, the PNGP has a strong background as biodiversity conservation area and for
mountaineering activitiegvon Hardenberg, 2013, 2028nd could lead to a more targeted type

of tourism towards nature and sport, whereas the AD is a more recent and smaller PA, and could
result in less focused touristic attitudes. The seatnuctured interviews highlighted the
importance of nature and sportourism and cultural tourism as an additional category.
Questionnaires confirmed this perception, having nature and sport tourism as the second most

represented category.

It was interesting that the questionnaire results highlighted the tendency of using the PAs for
sport activities only, more than natural purposes only, which we expected to be the main purpose
for visits at natural protected areas due to the biodiversibymgervation service, as highlighted

in similar studiegDrabkova, 2012; Paul & Nagendra, 2017; Wetreg., 2022) This could be due

to an ongoing trend related to sport tourism, which is predicted to increase in the following years
(World Travel and Tourism Council (WTTC), 2022 likely linked to the growing desire to
LISNF2NY &ALR2NIO Ay aOfSlyéeé SYy@ANRBYYSyida AyadaSlh|
appreciation(Malchrowicza 2 1 &tal, 2019) and also for an interest in nature and wilderness
(Butzmann & Job, 201,Avhich could be the motivation for visitors to practice sports at the PAs.
Rural and developing areas of the PAs could take advantage of this trend, using it as a key strategy
for local development, by promoting sustainable and attractive sport events asibiking paths

in nature, hiking or canyonin(Soares & Nunes, 20203s also stated in the sersiructured
interviews. According to the serstructured interviews, slow outdoor tourism should be
developed to couple the need for a rest from the speed of cities and the respect for nature, also
supporting physical activitiea natured CI NJ A 0 9 . @utd@of a2tiMilties im thevPgbhave

a centurylong tradition (Eagles & McCool, 200@hich must also be taken into account in PA
management strategies. Human activities of any type, in particular sport events in nature, must

be respectful of biodiversity and phenology, planning accurately each activity to avoid
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disturbances to species and ecosystems, and respecting the vulnerable seasons. Due to this
intrinsic value of PAs, related to the protection of nature, we expected results with a higher
percentage of naturgelated activities. Despite this, natural actwiteached lower values
compared with the other main categories. At the AD, tourism only for naturalistic purposes
reaches 2% of responses, whereas at the PNGP, it reaches 5%. However, this result is still quite
low, especially considering that sport tourioonly reached percentages that are twice as high as
those of nature. We assume that there was an overlap in considering outdoor experiences,
encompassing both recreational and educational activities (e.g., watching nature) and adventure
experiences(Buckley, 2009) This was confirmed by clustering the type of activities and
standardizing using-&cores; we then detected that nature and sport tourism were the main
categories identified, but the results were spread in mixed categories. Even if both the PAs have
cultural attractions, for instance petroglyphs and museums, the cultural value only was poorly
detected.The same happened for the enogastronomic value only, which resulted in it being less
represented at the AD, and reaching 1% of replies at the PNGP, cowfith@ semistructured
interviews. Eventually, as the results highlighted, gastronomic and cultural activities resulted in
higher percentages if experienced together with other types of activities, such as sport and

natural activities.

4.2. Mass Tourism, in Terms of Duration and Frequency of the Visits, Percentage of
New Visitors and Activities Categories
CNRBY (GKS FANRGO AYUGUSNBASGa GKS YIFAY LINRBOESY (KI

term stays which do not contribute to the development of the park and overexploit parks
resources. The tourism quality was indicated as declining, referringlynt@nthis trend of
exploitation, the presence of traffic in PA roads, and the huge number of tourists above all for
one-day stays. Thus, we asked people attending the park about the duration of their stay; this
could be an indicator of the phenomenon dabed. Both PAs confirmed the perception of the
semistructured interviews; in fact, more than 30% of the respondents declared doing-dane
stay, whereas longer stays did not reach 20%, apart fromveeek stays, which was the second
category that emergd at the AD overall, reaching almost 30%. Here, we have to consider as a
possible factor the decline of the duration of stays that occurred all over Europe in 2021, in which
the regions of Lombardy, Piedmont, and Aosta Valley recorded more than a 50étioadci the

number of nights spent in a touristic accommodation compared with 2@&®mmission &
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Eurostat, 2022)Considering the clustered categories of the durations of stays, the categories
showing longer stays were related to cultural/naturalistic/sport tourism, relaxation, and
cultural/gastronomic/nature tourism. Nature tourism only reached higher percentafjshat

term stays, even if the highest values were related to cultural and gastronomic tourism at the AD
and cultural/gastronomic/nature and gastronomic/nature tourism at the PNGP. Thus, we must
keep in mind that almost 40% of the respondents from botls Bfated doing onelay stays,
GKAOK NBTEtSOGSR (KS LKSYy2YSyl 2F Yl aa G2dzNRa
attention should be given to this point, creating opportunities for longer term stays and
increasing the attractiveness of slow tourisnthese particular PAs, above all in the AD, where
the overall value of shoiterm stays was higher that the PNGP. The results of the binary logistic
regression for each PA indicated some positive relationships with the attitudes we collected. The
PseudeR® of 30% suggested that other factors beyond the variables included were likely to
contribute to the model related to such a complex variable as the duration of the stays in a PA,
for instance, income, type of accommodation, attractiveness of the &Bekovaliet al., 2007)

and personal preferences. Our aim was the presence of some relationship to give a first
explanationof shori SNY &Gl @axX LRAYGSR 2dzi FNRBY (GKS Ay:¢
fluxes management, above all relating to the increasing numbeisitbks. The results of the
regression indicated that there was a relationship between frequency and length of the stay,
which could possibly be related to the familiarity of the visitors with the df@akovaliet al,,

2007) First visits at the PNGP were correlated to shorter term stays, perhaps because of the
desire to explore rapidly new are@¥icolauet al., 2018) For both the areas, people recurrently
visiting the PA were less likely to stay for sherm stays; this could be due for instance to the
familiarity of visitors to the are@Lau & McKercher, 2004; Alegre & Pou, 2006; De Meretzds

2008) which leads to perform different type of activities and could develop a preference for
visiting the area. For both areas, visitors coming from interregional origins were less likely to stay
for shortterm stays; it is therefore likely that this trend wesated to the expenditure of trips

(in terms of economic costs and time expenditure), which led to the preference of longer
experiences related to long distance trifp¢icolauet al., 2018) Moreover, we found that senior
visitors were less likely to stay for only a few days; from our perspective, these results were
reasonable, and the relationship with senior tourism and lergn tourism is widely discussed

in the literature and is also ceelated with seasonal migration in touristic are@no, 2008; Lyu
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et al, 2021) The owners of a second house were positively correlated with longer term stays;
this could be reasonably correlated with the lack of extra monetary expenditure for an
accommodation(Masiero & Nicolau, 2012Eventually, users performing sport activities at both
PAs, nature tourism at the AD, and cultural tourism at the PNGP were less likely to stay for short
term stays. It was interesting to explore these categories and see that both PAs share the same
trend for sport tourism, which was related to longer stays; this could be also related to an
economic expenditure of visitors. In fact, outdoor sport activities reduce the expenditure of a trip
(Downwardet al.,, 2020) and this could lead visitors to undertake longer visits. Interestingly, we
found a relationship with longer term stays at the PNGP and cultural tourism, the area in which
the cultural tourism was indicated as marginal compared with nature and sportstoyrand
mostly related to sanctuaries situated in the mountains. We presume that there could be a
correlation with the fact that these sanctuaries are situated in natural environments and people
can freely access them while hiking, but further studies &hdee carried out to better

understand this variable.

We were interested in the changes and attitudes of the frequency of attendance of the PAs; thus,
we studied the question related to the assiduity of visits. We considered this as a possible
explaining factor of the increase of visitors, a factor that wiasssed by the park managers
during semistructured interviews. Since there are no data available on the number of tourists
that visit the specific PA we were interested in each year, we could not perform comparisons
with the previous situation, but assuntkeat this could be considered as a first step towards the
description of the new visitors trend. Most respondents stated an assiduity in the visits.
Moreover, the chisquare test showed a significant correlation between recurrent visitors and
longterm stays, as explained below. The categories of activities with the highest values for
recurrent visits were relaxation, nature, and sport tourism. Nevertheless, 19% of respondents for
both PAs declared being at their first visit. We analyzed this reply caomgydée type of activity
carried out and we could not point out a significant relationship with irsie visitors and
activities. Even though visitors for nature and sport tourism were predominant, in our opinion,
park administrators could encourage hifs towards a new perception of the PAs and new
practices that go beyond naturalistic and sport purposes, comprising also cultural and less
explored types of tourism (e.g., enogastronomic), which could also be related to longer duration.

The regular visdrs were strongly related to relaxation purposes and to mixed categories,
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encompassing nature and cultural/enogastronomic purposes. PAs have been an effective tool for
raising environmental awareness and for showing the importance of natural heritage
(EUROPARC, 201®erhaps cultural heritage value, linked to food traditions and cultural

attractions, could also be valued in PASs.

During the decision making, stakeholders should also be aware of the current demographic
trends, considering that it will be very likely to have an increase of visitors due to the global
demographic growth(Parks and Benefits, 2012Jhis was already partially confirmed by our
results: the semstructured interviews highlighted this trend and our questionnaires resulted in
19% of respondents that declared to be on their first ever visit to the PA. We thereby assume,
considering the @sponses of the sensitructured interviews, that decision makers were already
aware of the issues that can emerge in the future, and strategies of sustainable transportations
are already taken into account. The issue that emerged from the interviewsRelaté 2 G KS dza S
fluxes was related to traffic, pollution, and relatively small awareness of new tourists of the
responsible behavior to have in mountains. It is reasonable to hypothesize that the growing fluxes
of tourism may lead to the exacerbation oftlissues that stakeholders stated, such as car traffic
and pollution. The Alps are a destination for millions of people every(Yé&'F)and there could

be the need for reducing the GHG emissions with the improvement of the mobility sector by, for
instance, strengthening and improving the public transpormebility or shared vehicles, and
stimulating walking or cyclin@Blindenbacheeet al., 2020) Moreover, due to the advances in
travel availability and the reduction of costs, it is likely to have an increasing number of visitors
that come from more distant areg®arks and Benefits, 2012)his research showed that the
tourism was still related to local, regional, and national trips, but this could be one of the possible
changes of the future, and one of the future issues for a sustainable mobility, considering tourism
related to PAs in Broader sense also includes the impacts of traveling towards the destination.
Public transport or other sustainable options should be affordable, attractive, widely advertised,
and efficient, including both travel from the starting point to the destinatonl internal mobility
inside the PA§Scott & Braun, 2010Eventually, these considerations should be checked within
different time periods with other questionnaires, to test if there is a relationship between the
new visitors and the travel restrictions related to COXYE{Rogowski, 2022which could have

driven the tourism fluxes in different paths afterwards, and to monitor visitor trends.
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4.3. COVIEL9: Changes in Numbers of Visits
Since our data collection was carried dutring one of the first waves tfe COVIEL9 pandemic,

S aadzySR (KIG dzZaSNBQ |GdGAGdzZRSa FyR LISNOS LI
period, thus, in this study, we encompassed some questions regarding the frequency of visits
after the pandemic, to test whether the sessiructured results could be a perception or an
effective trend. The senstructured interviews stated a growing trend of visits after the COVID

19 pandemic and from the questionnairasemerged that almost 40% of users changed the
number of visits to the PAs due to the pandemic. It is therefore reasonable to assess that a change
Ay GKS t!13aQ OArarita KIFIR 200dzNNBR® { dzNLINRA &Ay 33t
rebuttingthe interview statements. This could be due to many factors; one of these could be the

fact that during 2021, the COVI® pandemic was still ongoing and there are no clear boundaries

on when it has stopped, thus people could have misunderstood the quedskorthermore,
considering the stakeholder categories separated, we obtained AD naturalistic associations and
park workers were the only ones experiencing more visits. This could be linked with the travel
restrictions that occurred during the pandemic;fact, during the summer, the restrictions were

eased but not removed, and summer was believed to be a relatively safe period. Despite this
ease of restrictions, people could not feel safe in traveling, fearing the possibility of
contamination(Farzanegaet al., 2021; Rogowski, 20223nd thus rearranged their travels due

to safety reasongMoya Calderéret al., 2022) moreover, local restrictions could have been

applied, which in some cases completely blocked the mobility. For instance, the Aosta Valley,
GKSNBE LI NI 2F GKS tbDt A& aAdda G6SRX gl a O2yaAal
were forbidden, vith restrictions even inside the regional boundaries. The stakeholder categories

that experienced more changes were the AD users related to naturalistic associations, employees

of the park, and tourism workers, whereas for the PNGP, they were owners aicd&ouses

and tourists. We presume that secomdme tourism could have been considered as an
opportunity of overcoming fears of contamination and travel restrictions, and to travel safely

even with the pandemic ongoin@eraphin & Dosquet, 2020nstead of doing trips in other

touristic areas. At the AD, the most affected categories declared a change in terms of less
frequent visits, whereas at the PNGP, we have for both categories 30%, which increased the

number of visits. The majority of pe@obelonging to the category ¢durists declared that they
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did not change their frequency because of COI8Dand only on¢hird of tourists who changed

the frequency of their visits said that they visited the PAs more often.

5. CONCLUSIONS
¢CKAA LILISNI FAYSR G2 dzyRSNEROGFYR AT GKS Yl yl 3¢
FNBljdzSyalradAaz2y 2F GKS t! a YI (OK $ermatianirdgarding S dza S
G§KS dza8 FyR FTNBIdsSyidlidA2y FyR FiGAGdzRSa G261 N

view.

T In most cases, we confirmed the responses of the saractured interviews, with an

emerging trend of shorterm stays and an attractiveness of the areas related to sport
outdoor activities, as the majority of respondents were encompassed in sport amngenat
OFGS3I2NRSad ¢KS GAairld2NBRQ 2NRAIAY RAFFSNI oS
detected a more local tourism, whereas the PNGP, possibly due to its broader fame, had

more interregional visitors.

1 The perception of tourism in the sersiructured interviews had some ambiguities. Even
though there was a common agreement in the importance of tourism as a possibility for
economic development and biodiversity awareness, managers and municipality
represenatives expressed a concern regarding the quality of tourism, which was perceived
as declining. In particular, they were concerned about mass tourism, which was mainly
related to the shortterm stays. Mass tourism was deemed as a practice that overexploits
the resources of the PAs instead of supporting the local development. With the
guestionnaires, we could confirm the perception of a predominance of dieom stays, in
particular of overnight stays. We found a relationship between stenn stays and dter
attitudes (frequency of visits, activities, origin, biographical data), and we found that users
performing activities such as sport tourism are less likely to stay for a few days. We also
found a relationship between longer stays and particular categosuch as age group of
seniors (61 to <70) and recurrent visitors. Since fluxes of users in protected areas are still an
estimated number, we could not carry out any comparison with the previous years to
O2YFANXY (GKS YI yl 3SNEQ toudSmJDS wéliestingted 2 Talué gf Ay ON
almost 20% of new visitors in both the PAs; further studies need to be carried out to better

understand the magnitude of this trend.
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T Eventually, managers and representatives identified an exacerbation due to the -@@VID
pandemic of the already existing trend of new visitors. From questionnaires, we identified
40% of users that declared a change in the frequency of visits after theepaodout mainly
GKS @GFENRFGA2Y ¢l a (261 NRa fSaa FTNBIdSyild JAa
perception. However, it would be interesting to monitor the variation of fluxes after the
pandemic; in fact, one of the concerns of managers wasthdr the variation was a

temporary effect of the lockdown or a permanent trend.

From the literature, there emerges a challenging issue related to tourism in the European Alps;
some changes in the use of these areas were forecasted. For instance, variation related to a
forecasted increase of summer touristic flows, due to the more dssg heath waves and the

need of people to look for cooler places, with an increase of mountaineering activities and alpine
lakes(ProbstiHaideret al,, 2015) and a drop in winter tourism trend@robstlet al., 2008) for
instance, due to the reduction of snow cover. Hence, it is fundamental to start collecting data on
the visits to the PAs to monitor, together with biodiversity data, data on user flows of the PAs to
understand how fluxes of visitors change acrossseaa and years, the consequent human
AYLI OG 2y OA2RAGSNBERAGES YR (G2 RS@St2L) aLISOA
fruition of the areas. A further step, along with touristic flux monitoring, would be to engage
people in longer stays. This cdude facilitated by raising awareness on the opportunities offered

by the areas, which will go further than the sport activities only, including cultural traditions and

historical habits and behaviors for nature conservation in the PA.
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Quipplementary materials

TableSs.1.1. Questions of the seratructured interviews.

1) What are the main natural and cultural attractions of the area?
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2) What kind of tourism does your area visit and what are the main activities of tourists?

3) The park offers many cultural services, but for them to be used it is necessary for people to visit
the Park; this inevitably causes an impact on the protected area. How do you see tourism
interacting with habitat conservation and wildlife protection? Are  there types of tourism that have

a greater impact on the territory in your opinion (e.g. mountaineers, climbers, etc)?

4) Tourism is certainly a resource for the Park but can in some ways cause problems in the
management of fauna and in the conservation of habitats. What is your perception of this? In your
experience have you had episodes of criticality between tourism and conservation or have they

never come into conflict?

5) Are there any tourism models that you consider more sustainable than others? Considering your

experience at the Park, how did you try to develop more sustainable tourism?

6) Have you seen a change over the years with respect to the type of tourism, and attitudes /attitudes

of people attending the park?

7) What is the type of forest management within the Park and how does it differ from the forests of

the neighbouring territories but excluded from the Park?

8) Has an assessment of ecosystem services already been carried out at the Park? If so, of which?

9) [ONLY IF YOU ANSWER THE PREVIOUS QUESTION] Are ecosystem services a possible

conservation tool? If so, how?

10) In your opinion, are there any critical issues in the concept of ecosystem services?

11) This summer there will be a survey on the use of the Park and the perception of ecosystem services
by different stakeholders. With regard to the categories of stakeholders identified by us (see list
at the end of the document), do you think there is some other unrepresented category that would

be useful to consult (as well as categories not of interest to the Park)?

12) How did you notice that the pandemic changed the attendance in the Park? Was there any

noticeable effect on the quantity and attitude of tourists and/or residents?

TableS.1lo® {GF 1 SK2f RSNAEQ OI sur8eysavAPark's mafa§eysiild bbld, $1& main Katepaties K

used for the analyses.

SUEOI T OOEI UUZ wEEUI T OUDPI Uow

1 Workers in catering and/or tourism

Hut managers
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=A =2 =4 =4

1

Hoteliers, bars/restaurants

Tourism workers

Tourism agencies

Tourists

Non-expert hikers

Expert hikers (trekking)
Cultural/museum/food and wine tourism
Alpinists

Climbers

Mountain biker

Canoeing/rafting

Photographers

Secondary residences

Residents in the Park

Residents outside the park but in neighbouring municipalities
/ EUOZz UwpOUOI UU
Craftsman/Producer/Breeder
Shepherds/breeders

Local producers

Researchers

Researcher with activities in progress or carried out in the Park

Tableh.14 Number of replies and percentage of biographical data. In columns gender, in roclassgs.

Adamello Gran Paradiso
F M F M
N of N  of N  of N of

_ % _ % _ % . %
replies replies replies replies
<20 <20
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104 10% 97 9%| 127 5% | 101 4%
21-30 21-30
130 12%| 88 8%| 175 7% | 169 7%
31-40 31-40
54 5% | 45 4%)| 151 6% | 149 6%
41-50 41-30
119 11%) 81 8% | 272 12%)| 175 7%
51-60 51-60
97 9% | 78 1%/ 274 12%] 204 9%
61-70 61-70
43 4% | 46 4%] 180 8% | 184 8%
>70 >70
34 3% | 36 3%| 79 3% | 80 3%
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activity carried out

and type of

the PAs

at

frequency of visits

of

Tableshs.15 Description
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Table $.16. Detailed table of how the frequency of visits changed in percentage, considering more or less visits, at
the Adamello Regional Park. Percentages for Naturalistic Associations at PNGP and Iren Energy workers at AD are

not available, due to the lack of thategory at the specific PA.

AD PNGP
Less More Less More
Changes COVID AD frequent frequent frequent frequent
visits visits visits visits
Artisan/Producer/Breeder 67% 33% 67% 33%
Employee of the Park 100% 0% 0% 100%
Naturalistic associations 100% 0% NA NA
Owner or user second home in th
68% 32% 71% 29%
Park (or nearby)
Researcher with activities i
) ) 0% 100% 57% 43%
progress or carried out in the Park
Resident (in the Park) 65% 35% 55% 45%
Resident (outside théPark but in
) ) o 67% 33% 61% 35%
neighbouring municipalities)
Tourism worker 100% 0% 88% 13%
Tourist 72% 28% 64% 35%
Worker in catering and/or tourism | 65% 35% 59% 41%
Worker Iren Energy NA NA 50% 50%
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"The Covidl9 Pandemic led me to assess more the importance of
protected natural areas as a place of leisure and-veihg (%)" PNGP
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Fig. 8.1 Agreement (in percentage) of tdevelopment of a new perception of the PA as a place of leisure and well

being after the COVHDI at the PNGP.

The Covidl9 Pandemic led me to assess more the
importance of protected natural areas as a place of leisure
and weltbeing (%) AD
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Fig. $.12 Agreement (in percentage) of the development of a new perception of the PA as a place of leisure and

well-being after the COVHDO at the A
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SUBCHAPTER 5.2

BECOSYSTESERVICES IN TAEPSUSERQERCEPTIONS FROMABIEMELLGEGIONAPARK AND

THEGRANPARADISOIATIONAPARK(ITALY
N.Rota, C.Canedoli, O.Azzimonti, H.Nagendra, E. P&itdaoppa

Qubmitted to Ecology andSociety

201



Abstract

The evaluation of cultural ecosystem services in alpine protected areas is a powerful tool for
KStLAY3I YIFylFr3ISNAR YR LRftAO& YI1SNA AYy dzy RSNEI
important benefits. Urgent conservation efforts must be undertakenréotucing the impacts of

climate change on such vulnerable areas, and understanding the relationships between visitors
and natural areas cahelp in developingnanagement strategieslsosupported by the public
acceptance. We administered 3399 questiomasiin two Italian alpine PAs to investigate how

users perceived 21 critical alpine ES, assess their familiarity with the cafdefand examine
whether the COVImmdp OKIF y3ISR GKSANI LISNOSLIiA2y 2F GKSA&S
were collected to examine the possible correlations with ES perception and to provide
information on categories on which communication efforts shca#dmade. The aesthetic value

of the landscape was the most perceived service, followed by biodiversity conservation and
nature observation. Users reported a general increase in positive appreciation of PAs post COVID

19. Interestingly, the higher perception of ES was positively correlated with female, senior and
nature-related stakeholdersAdditionally, we observed and enhanced perception of ES among
users who had previously acknowledged their existence. Given these findings, we gave
suggestions for communications strategies. These insights can aid managers and policymakers in
understandirg how the areas are perceived, ardwhom they should direct the communication

efforts for increasing public awareness of the benefits provided by the natural protected areas.
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1. Introduction
The supply of Ecosystem Services {B&fjned as the benefits that ecosystems provide to human

well-being(MEA, 2005) is subject to an increased demand by human population and a reduced
supply capacity due to habitat fragmentation, loss, and climate change eff@aiskerhoff et

al., 2017; Cairns, 2006; Mooney et al., 2009; Scholes, 2U0h6éj)e is an urgent need to find
solutions to reverse the current trend amteserveES delivery, above all in alpine protected
areas, which are fundamental for the provision of many ES, most of them pemary for
human survival and wellbeing, such as freshwater regulation, food provision, pollination, climate
regulation and habitat provisiofCanedoli et al., 2020; Gr&egamey et al., 2012a; Mori et al.,
2017; Rota N., Canedoli C., 2020; I. D. Thompson et al., @0dldultural ecosystem services
(CES), ranging from the aesthetic perception of the landscapes to more introspective services,
such as sense of belonging and artistic inspira{@rouzat et al., 2022; Schirpke et al., 2018;
Scolozzi et al., 2015k or this reason, alpine protected areas are destinations for hundreds of
millions oftouristsannually(The Guardian, n.d.phat benefitfrom the ESprovided by the areas
while doing many types of activitiecBom outdoor to relaxing activitieRota et al., 2023hese
areasare particularlyvulnerableto climate change and human activitiésock et al., 2019and

their deterioration willlead to a reduced capacity of ES provisibnerefore, it is crucial to take
action to protect these areas, preserve their habitats and biodiversity, and ensure the supply of
ecosystem services that result from ecosystem functidmsough the commitment of the users
who frequent the alpine protected areas and their involvement in conservation activities, it may
be possible to obtain better results in their safeguard. There is an urgent need for an integrated
management, thatakes into account both nature conservation and sociefldeammel et al.,
2019) above all for what concerns PAs: without public acceptance, management strategies
aiming to safeguard nature could be difficult to purs{&chenk et al., 2007PAs within the
European boundaries are voluntarily valuating their ES supply for implementing their
conservation and monitoring activities, for instantdee Gran Paradiso National Padne of the
areastudied in this project, provided an EMAS certificatfflarco Nazionale del Gran Paradiso,
2022) also accounting the cultural ecosystem services (CES) provision. ES can be considered as a
holistic tool for PAs manageme(ide Groot et al., 2010; Menzel & Teng, 20XMce they can
comprehend environmental, social and economic aspects in their evaluatibm®over, the

concept of ES is closely linked to the presence of a benefidtatyer et al.,, 2013; Schulze &
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Mooney, 2012)being the latter conscious or n{Brockerhoff et al., 2017)he development of

an acknowledgement of ES and the explicit affirmation of the reliance of human beings upon
healthy environments maype a useful tool to develop greater awareness of environmental
issues developing public participation in environmental activities, including stakeholders in the
decisionmaking procesgqMenzel & Teng, 2010and making them more likely to behave
ecologically and in a sustainable way, and more prone to accept conservation activities that may
limit some activitiesi.e., outdoors sportsAn assessment of the general public perception of ES
could be useful for understanding which are the categories of users that are most likely to
perceive the ES, and detect which ES are perceived in the specificDatamining which
services are mainly identified and valued, and which are neglected by various categoriessof us
could result in important insights to design conservation approaches that incorporate a greater
role for citizen participationn PAs safeguar@Ballantyne et al., 2009; Isager et al., 2001)
Moreover, this information will aid in structurirgppropriate, targeted, effective communication

campaigns

In thisstudy,6 S a4 dzYSR GKI (i dza S tepefreptigNBf ERAMImBida@t-al; 0 S
2018) and we aimed to disentangle the factors linked to this possible relationship. Data
collection took place in summer 2021 during a temporary easbefCOVIELI restrictions: at

that time peoplehad previouly undergone tostrict lockdownsthat causeda drop in nature
experience in the everyday lifeColléony et al., 2022)For this reason, weonsidered that

LJS 2 LiferSeQtions naybe affectedthis nature deprivation and the experience of lockdowns
hencewe included a specific part of the study concerning the change in the perception of PAs
after COVIELO.

In this paper we aimed to investigate the perception of ES of different categories of users in

alpine protected areas, examinir@ll ES(identified from the literature review as especially

significantF 2 NJ G KS LaOFEAlFYy 1 fLJA | YR [|)FfadcGshg onyhé SNIDA S

following topics:

a) determine how ES are perceived in two alpine PAs;

by SEIF' YAYS (GKS dzaSNARQ FlIYAfAINRGE S6AGK (GKS

GKS ljdzSadA2yylANBQa adlkaSySydarT
c) how PAs perception changed after CO\YfDpandemic;
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profile.

2. Material and methods

2.1.Study Areas
The study areas are two alpine protected areas situated in the North of Italy, namely the

Adamello Regional Park (AD) and the Gran Paradiso National Park ((F@R5.21). We

chose these areas as part of our broader project on the assessment{GhB&doli et al., 2020)

and tourism in alpine area®Rota et al., 2023)The PAs share similarities in the environmental
features, such as elevation range, habitats composition, flora and falenertheless, the areas

are regulated under different laws, since the PNGP is a National park and the AD is a regional
Park,hencewe assume that differences in the management strategresy exist. TheGran
Paradiso National Park was instituted in 1922, being the first Italian nationa) paris an
extension of 70.000 hectares, andeafpresents a popular destinatidor mountaineeing due to

the wide knowledge of his peaks among the outdoor sector, above all considering its highest
peak, the Gran Paradiso, one of the most famous European mountains. Moreover, the PNGP is
widely known for its conservation efforts in the preservationQapra ibexXvon Hardenberg,

2021) which avoided its extinction in late XIX century. The Adamello Regional Park (AD) was
founded in 1983, it is located in between two important Italian National Parks (the Stelvio
National Park and the Adamelrenta National Park), having a strategiagnmg position for
touristic activities and conservation projects. The AD has more local tourism than the(RbIGP

et al., 2023)a smaller extensions (51.000 hectares) and the ISTAT touristic indicators shows that
the touristic vocation of this area is lower than the PN&H AT, n.d.Pespite these factors there

is an ongoing trend of outdoor and nature tourism in this area, which offers many possibilities in
terms of nature sightseeing, cultural attractions (e.g., petroglyphs) and outdoor recreational

activities.
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Adamello
Regional
Park

Figure5.21. Map of the study areas: on the left is the Gran Paradiso National Park and, on the right, the A

Regional Park.

22vdzSaGA2Y Yl ANBQA &l NHzOG dzNB
A total of 3399 questionnaireSupplementary materials, Tableb2 1) were administered, of

which 2340 at the PNGP and 1059 at the AD. We used a random sampling design to involve
different stakeholder categorieso cover the variability of users that attended the PAs.
Questionnaires were administered in the places of interest of the PAs such as the beginning of
hiking trails, central squares, and information centres. Furthermore, we went to local businesses
such & restaurants, producers and farmers, to gather information from categories that would
have beenoverlookedif we only considered toustic attractions. Questionnaires were also
published online to colleatemotely data fromusers(Canedoli & Rota, 2021a; Canedoli & Rota,
2021b) The main sections were:1{ perception of ES and familiarity through statements, (2)
biographical datai @ LIS 2 F a il | S SapplentemNayamaterials, IabrRIER),
frequency duration of visits at the PA and activities carried d@), familiarity with the concept

of ES and its recognitiqd) perception ofPAsafter COVIEL9 and changes in attendance of PAs.
¢tKS aSOGA2y G2z NBfIaABR] S9R2 (dRSNEERM  LyNRaSIAD SAD A
analysed in a previous publication alidouristic attitudes at the PA@Rota et al., 2023and was

used herefor the independent variableto disentangk the correlations to the perception of ES.

The structure of the questionnaire encompassed both lists of closed answer questions to describe
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the users in categories and positive statements regarding the ES perception, ranging from strong
agreement to strong disagreement and reported, for clarity purposes, in a Likert scale, ranging
FNRY ™M (G2 p omY dailNRy3 SRAEFTINDBWSSYESLYRIVERS ypiYa oS
whether they identified the ES in the previous part of the survey, to assess the recognition of the
conceptof ESIn this study, we addressed to tiperceptionaccording to Sudarmady et al. (2001)
(Tugaswati et al., 200lhence as the ability to perceive environmental issues in the real world,

based on memory and influenced by prior experie(i€aper, 2004)Perception is an individual

and embodied process, inscribed in cultural and societal dynamics which affect the individual's
mental and physical capacity and attitudes towards natdieen we conceived theamiliarity

with the concept oES in terms of acquaintance of the concept without an in deep scientific
1y26t SRAST YR 6S Ay@SadA3ardisSR Al Ay GKS Go2
2F 902aeaiSY { SNIArexSgnised KB AlYTF (KIS &S |jKHrS@AS A2/df |
For chrity purposes, we wiltategorisethe first question as familiarity with the concept of ES,

and the second as recognition of ES.

2.2.1. List of values
We based our survey on ES on the methpagposed in Tessa ToolkReh et al., 2013Yylethod

M1c, specifically designed for surveys on perception of CES. To create th&lBivefused as
baseline the classification proposed in TESSA ARrieexlarity purposes we reported the TESSA
classificationcategories our statemens, and the CICES Vd@assification (Supplementary
Materials, Table .5.23), which resulted in the more updated and comprehensive in range of
categoriesOur main aim was the evaluation of CES, however, we included statements for the
provisioning and regulation categes as these were of particular interest in the PAs
investigated. Based on the prior knowledge of the PAs, we selected the main services we
encountered in alpine protected areas and the easiest to understand tpubéc, obtaining 21

ES (Fig5.22). Then, according to Method Mlc, we expressed the concept of ES in simple
statements, in order to readapt to the common language and limit misunderstanding by

respondentgTengberg et al., 2012)
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Aesthetic value of the landscape
Sense of belonging Recreational activities
Spiritual/religious value Physical well-being
Intrinsic value of existence  Animal observation
Mental well-being Plants observation
Meeting new people Biodiversity knowledge
Artistic inspiration Memories values
Identity expression Cultural heritage
\Family value Cultural value

ECOSYSTEM
SERVICES

Food production
Timber provision

REGULATING
N

Water regulation
Biodiversity

Figureb.22. List of ES encompassed in the study using the abbreviated version.

2.3 Data analysis
Analyses were conducted using the software IBM SPSS version P@ebrfa, 2012) and

graphics data visualisation were obtained using R Software. A Pearson Correlation matrix was
undertaken to understand the correlations among ES perceptions, and plotted as correlograms

with corrplot package in R. We undertook Chest to evaluate the independency among the
categorical values of familiarity with the concept of ES, recognition of ES, appreciation after
COVIEL9, and PA3Ne clustered the ES into three categories, namely provision, regulating and
cultural ES, and an Analysis of Varia®&&dOVA) was carried out to identify statistically significant

G NAFYyOS o06SG6SSy GKS 9{ LISNOSLIIA2Y 2F GKS {F
O2YAARSNAY3I a FSFGdzNBa | 3ST ISYRSNE &l 1SK2f
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duration of the stay. We created heatmaps of the perception of ES among the diverse
al0F1SK2f RSNBQ OF iS3a32NASa dzaiAy3d GKS LI O1Fr3S 13
Regression Analysis was performed to detect significant relationships betweenatiables
NBflGSR (2 dzaSNBRQ LINPFAEST dzaaAy3d GKS F2NBI NR
The analysis was carried out for each PA separately, the dependent variable was the average ES
appreciation, and the independent variables weré §t SK2 €t RSNEQ OF 6 S3I2NE > |
activities category, previous knowledge of ES, recognition of ES in the questionnaire, frequency

and duration of visits.

3. Results

3.1 Perception of ES adB & LJ2 ycRt&gyrie) a
The most perceived ES in both PAs was the aesthetic value of landscap@ Bfigt the AD we
RSGSOGSR 'y 20SNYXff |aINBSYSyld 2F dzaSNEQ | faz
PNGP people were more engaged with fauna observation. In general, similar scores were found
among the two areas, indicating values related to namand physical welbeing, and nature
observation and conservation as the most important after the aesthetic value. Provisioning
services reached the lowest values in b&%#s, with the exception of timber provision with was
perceived slightly differently in the two areas, with higher values at the AD. The least considered
values along with provision services were CES related to introspective services, such as spiritual
value, memories value, and the social valdethe PNGP we identified higher scores than the AD
for biodiversityrelated values, recreation, personal wbking and the intnsc value of

existence, whereas at the AD servicegh as the freshwater regulatipfood production and

timber provision had higher scores than the PNGP.
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Respondent's perception of ES

C_Spiritual/religious value

C_Meeting new people

P_Food production

-

C_Identity eX|Pre S Si0 N e e

C_Sense of helongin e e

C_Cu|tura| heritage I ———————

-

C_BiodiVerSity knowledge;‘

C_Physical well-bein (e o

R_BiOdiVEI’Sity oo}

C_Aesthetic value of the |ands ca | e
0 0.5 1 15 2 2.5 3 3.5 4 4.5 5

mAD mPNGP

Figure5.2.3. Average value of perception of ES at the Adamello (AD) and Gran Paradiso National Park (PNGP), the
prefix indicates the category of ES (C: cultural, R: regulating, P: provisioning).

From the Pearson Correlation it emerged that most of the ES wenelated toeach other,
depending of the PA showing peculignerges and no negative correlation was detected among

the ES. At the PNGP (Big.4) it resulted that the aesthetic appreciation was highly positively
correlated with flora and fauna observations, and mental and physicatbeely. This output

was present but with lesstrength at the AD (Fi$.25). In both PAs there was a significant
positive correlation between introspecBES, being the sense of belongivays correlated both

with memories and identity services. Interestingly, we found also that there was a correlation in

both PAs for provision ecosystem services, such as timber, food and water supply.
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the strength of the correlation, the gradient represents the type of correlation (positive: blue, negativa:hed).
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3.2 Familiarity with the concept of ES
Within the two PAs we obtained significant different values (p<0.001) irotleeall familiarity

with the concept of ESAt the PNGP, nearly half of the participants (43%) demonstrated a strong
familiarity, while at the AD, only a small proportion (15%) exhibited a very low level of familiarity.
Moreover, weA Y @S &G A3 SR K2¢g G(KS NBadzZ §a 6SNB aLINBI
PAs (Supplementary materials, Tabl®.&4). At the AD (Fi§.26) the familiarity with the
concept of ES was mostly higher in respondents related to the environmental field (e.g.,
Naturalistic associations argt NJ 4 Q #RiN@&sStNEs)fornd at thENGP (Fi§.27) as

well, havingenvironmentalrelated stakeholders were more familiar with .E$her categories
non-directly relatedto the environmental field, such as taam workers and residents in the PA,
resulted in more than 50% of users having a familiarity with the concept of ES. In both study areas
dza S NE& Q fainikakrityi witK theReoncept, generally alsecognised a&S the statements of the
survey, reaching the recognition percentage around 83% of users at the PNGP and 81% at the

AD.

"Have you ever heard about Ecosystem Services?"
(AD)

Naturalistic associations
Employee of the Park NG
Artisan/Producer/Breeder I
Resident (neighbouring municipalitie s —
LR ———
Researcher I —————
Resident (in the Park) ililIlsssssssssssssss—
Owner or user second home i —————————————
Worker in catering and/or tourism ———————

Tourism Worker  m—————
0O 10 20 30 40 50 60 70 80 90 100

| Yes(%) mNo (%)

Figure5.2 6. Percentages of familiarity with ES concept at the AD.
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"Have you ever heard about Ecosystem Servic
(PNGP)

Researcher —
Employee of the P ark | e ——
Resident (in the Park) I
Worker in catering and/or tourism I
Artisan/Producer/Breeder "
Tourism worker |
Owner or user second homdillllll.....
Resident (neighbouring municipalities) i —
Tourist I e
Worker Iren Energia IR

0 10 20 30 40 50 60 70 80 90 100

H Yes(%) mNo (%)

Figure5.2.7. Percentages of familiarity with ES concept at the PNGP.

3.3How the perceptions of & changed after COVID
In both PAghere was a very positive responge how the pandemic shaped their perception

associated to the frequentation of PAs (big.8), with an emerging overall strong agreement of
a new appreciation of natural areas. HsEs (Supplementary materials, Fi$.81) showed an
overlap of the results iboth the PAs, indicating a similar trend of appreciatiéitom thiswe
can affirm that regardless of the area, the COVf#pandemic led users to appreciate PAs more.
We performed a Chio assessvhether there were significant differences between the two PAs,
and we had no statistically significant results, confirming that both the areasinatar trends

of variation in users change in perception after COl8pandemic.
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The Pandemic CowtB led me to evaluate more the importance of
protected natural areas as a place of recreation and-eihg (%)

AD

Strongly disagree mm
Slightly disagree s
Neither agree nor disagre e ———————
Slightly agree m——
StrONQ Y 01 € 1
PNGP

PN
Strongly disagree s
Slightly disagree =
Neither agree nor disagre e —————
Slightly agree m——————
SErONQ Y L0 I |—————————

0 10 20 30 40 50 60

Figure5.28. Results of changes in the perception of the importance of natural areas after-COpaDdemic

/| 2Y&AARSNAY 3 (KS adl1SK2ft RSNEQ OFGS32NEB: ¢S F2
reaching £t Y2a0d pm> 2F &a0GNRy3 F3INBSYSYyld FyasgSNI Ay S
materials Table .5.25), and 80% of total agreement, considering strong and slight agreement
G23SUKSNWP |1 26SOSNE GKS OFUGS3I2NEB aSYLX 28SSa 2
perception of the benefits. The highest agreement was found at the Afbe@maturalistic
association category (100% of strong agreement), whike ltwest values were recorded in
residents (48% of strong agreement). Interestingly, along with residents, tourists were the
second group of stakeholders which declared lower scores for the development of a new positive
perception. Regarding the PNGP, wil c¢hot have a complete agreement as for the AD
O2YyaAARSNAY3I (GKS &Gl 1SK2f RSNAQ OFGS3I2NASad |

Qx

pandemic were residents inside the park, with a strong agreement of 63%. Concerning the total
agreement, the tourism wder category reached values close to 90% of consensus. The
stakeholders that least perceived a change in the perception of nature were the ones that visit
the park for working purposes that were not related to tourism, such as IREN Energy Workers,
with a grong agreement only around the 20%, and 64% of a neutral response, but no strong
disagreement was detected. Employees of the park reached an overall 67% of total agreement
(strong and slight agreement). The highest percentages of strong disagreemenéexypeessed

by workers in restoration and tourism, reaching the 12% of their category.
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3.4 Relationships between ES perceptioghR dza SNBA Q LINRPFAE S
5SLIISYRAY3 2y GKS aidl{SK2f RSNAQ OFGS3I2NASaE || R
(Figb.29) showed the average appreciation of ES ranging from 1 to 5, from low to high
perception clustering hierarchically the outcomdswas interesting to note that there was an
2OSNI £ f FLIINBOAFGAZY Ay |t oI, phySidalwslikeing, R S N&E Q
flora and fauna observation, biodiversity conservation and recreational values. Some services
resulted to be moe marginalised and peeived mostly by one category, this was the case of
educational, artistic and cultural services at the AD, perceived mostly by naturalistic associations,
or educational and existence value at the PNGP, perceived mostly by researchers. With this
approachve O2dz R faz2 y2d0S (GKIG az2yYS aidl(1SK2ft RSNE ¢
by the PA, for instanGdREN energy workers gave the lowest ratings to ES at PNGP, with the

exception of physical webeing.
ES perception at AD ES perception at PNGP
Educaticonal Recreation
Artistic Heritage
Cultural Educational
Identity Family
Water_p Existence
Heritage ﬁf'o{_‘g'ng
Existence Men 'ty_
Family emories
Memories grt:tstlc |
Social FIOJOZ“:
Fpod_p Wate?_p
Timber_p Social
Mental wb Fauna_obs
Fauna_obs Biodiversity
Biodiversity Flora_obs
Aesthetic Aesthetic
Physical_wb Mental_wb
Recreation Physical_wb
Flora_obs Timber_p
Spiritual Spiritual
¢ § ¥ ¥ L3 ZoEoB 5 8 2 §g 5 5% EZTE
2 ] = = 5 G oo = S Color Key 5 £ 5 &8 £ 5§ o £ o c
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Figure5.29. Heatmaps showing the perception of ES from the diverse categories of stakeholders on average, ranging

from 1 (low perception) to 5 (high perception).
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The ANO\A (Supplementary materials, Table S6, Table S7, B&pleas carried out to detect
AAIAYATAOFIY(lG RAFTFSNBYOSa Ay (GKS LISNOSLIWiAzZ2zYy 27
perception of ES clustered into provisioning, regulating and cultural. It resulted that the ES
perception varied among all the differentN®® FAf SAQ FSI GdzZNBaxz Ay LI N
provisioning services. At the AD we detected that profile features, such as age and gender,
resulted in significant differences among all ttmeee categories of ES (e.g., female and senior
dzZaSNE &dGFrGSR |y 2@SNIff LISNOSLIGAZ2Y KAIKSNI (KI
significant values only for the CES. At the PNGP we detected similar trends than at AD, with
significant varianced S 4SSy dzaSNEQ LINPFAES TSI GdzNBaxX 4&dz0

activities categories.

The forward stepwise multiplénearregression was undertaken to detect the relationships with
the average perception of ES. ThesBores were 0.220 déihe AD (Tablé.21) and 0.221 at PNGP
(Table5.22) indicating that the 22% of variance can be explained by our predictor variables in
both PAs. The results show#tht there was a positive significant relationship between a higher
agreement in the perception of ES at the AD and senior visitors, recurrent visitors and female
gender, whereas interesting negative relationships emerged withiegories such as sport and
enogastronomic mixed categories of activiRemarkablywe detected a positive relationship in

both the PAs with users that identified ES, indicating that users that were already familiar with
the concept of ES also perceived ES more. Moreover, positive relationship was found with
categories related to higheagreement in a new perception of PAs after the CEMDin fact a
positive perception of the PAs after COVID (Likert_afterCovid) was one the second most
important variableat the AD and first at the PNGP, suggesting a relevant relationship with the

F LILINBOALF GA2Y SAGK 9{® wSIINRAY3I aidl {SK2ft RSNAQ
researchers at the AD and tourists at the PNGP, a negative relationship as f&tM&Rtfor IREN

energy category.

Table5.2.5.21. Results of multivariate linear regression analysis using the average ES appreciation as dependent

GFNRAlIotS TG GKS 150 ¢KS O2RS&a AG[A1SNIYFFGSNI 20ARé NB

NBLINBaSYyiGSR GKS aidl |1 SERt REANINGSISDIN®I (& 0@ LISNBYENIwSO2

reply to the recognition of ES in questionnaire.

AD
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Standard
B Beta t Sign.
error
Constant 3,352 0,074 45,158 0,000
Age 0,072 0,008 0,254 8,839 0,000
Likert_afterCovid 0,105 0,014 0,208 7,366 0,000
Frequency of visits 0,061 0,014 0,138 4510 0,000
Gender -0,109 0,030 -0,103 -3,659 0,000
Act_sport -0,192 0,053 -0,100 -3,624 0,000
Duration 0,030 0,011 0,084 2,687 0,007
Stk_researcher 0,256 0,109 0,064 2,342 0,019
Act_food/sport -0,234 0,101 -0,063 -2,308 0,021
Act_nature -0,222 0,101 -0,060 -2,189 0,029
Recognition ES 0,091 0,042 0,060 2,149 0,032

R2score: 0220

Table5.22. Reults of multivariate linear regression analysis using the average ES appreciation as dependent variable

atthet bDt ® ¢KS O2RSa

G AYUSNIwlFGEGSNI 20ARE

NBLINBaSyGSR (KS

ailFr1SK2ft RSNJ OF iS32NRx a! OGé¢ NBFSNNBR (2 GKS I OGA@AGeR
recognition of ES in questionrai
PNGP
Standard _
B Beta t Sign.
error
Constant 3,083 0,060 51,073 0,000
Likert_afterCovid 0,146 0,009 0,307 16,378 0,000
Frequency of visits 0,064 0,009 0,150 6,918 0,000
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Age 0,043 0,006 0,147 7,745 0,000
Act_sport -0,148 0,029 -0,095 -5,049 0,000
Recognition ES 0,088 0,020 0,084 4,490 0,000
Duration of stay 0,033 0,007 0,098 4,774 0,000
Act_nature -0,199 0,047 -0,079 -4,275 0,000
Gender -0,068 0,019 0,066 3,542 0,000
Stk_IREN energy workq -0,385 0,124 -0,058 -3,097 0,002
Stk_tourist 0,068 0,022 0,063 3,054 0,002
Rscore: 0221

4. DISCUSSION

4.1 Perception of ES
Through the valuation of how visitors perceive ES provided by a natural protected area, managers

O2dzZ R 0SYSTAG o0& dzy RS NWdixinyHaig\ethl., POREaking 2nblght® LINES F
of how people perceive the area, and on what to implement for resources allocation and
management strategies. Moreover, it is expected that people that highly perceive ES in the area
are more likely to support the management strateg(@¢hittaker et al., 2011)to enhance and
safeguard the benefits provided. Hence, we aimed to identify which were the ES that mostly were
perceived in two alpine PAs. The most perceived ES resulted to be the aesthetic value of the
landscape, supporting evidences from literatuegarding CES mountain aré&oderer et al.,

2016) The result is likely to be related to the provision of scenic landscape in mountain areas,
generally more perceived in natural landscapes rather than in settlements and urban areas
(Schirpke et al., 2016and for the remoteness of the ard&chirpke, Tasser, et al., 202The
aesthetic value was perceived even more than biodiversity conservation value, which ranked as
second most perceived BSurther research is needed to understand which landscape type could
be considered as aesthetically beautiful for users, nevertheless this result must be carefully

evaluated before being implied in the decisioraking process. Moreover, it is important tote
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that the aesthetic value fundamentally rely on other categories of ES, and a management
targeted on scenic beautynly could lead to an overall reduction in ES provigi@amfeldt et al.,

2013) affecting the entire ecosystem. Biodiversidgnservation and observation values were
notably perceived in both the PA3his expected resulaligns with the PAs objectives,
underscoring that users were alsonscious of the purpose of PAs and the supply of benefits
related to biodiversity during their visits. This outcome highlighted that users not only are
conscious of the crucial role of PAs in nature conservations, but also highly perceive these
benefits,ranking them as the second most important, even more the outdoor and recreational
services.This outcome holds the potential for a communication between managers and users
concerning the need of nature conservation and management, using CES for making the public
acceptance of management strategieasier(Pefia et al., 2015; Qiu et al., 2013; Schenk et al.,
2007) even when this implies limitations in human activitéege to the possible conflicts with
nature conservatior(Bell et al., 2007)We partly confirmed the results of many studies which
identify the recreational value of outdoor experiences in nature as one of the most perceived ES
(Liu et al., 2017; Malchrowiez 2 1 12 SO Ff ®X HamdpT { OkwentdeSsT { O:
identified a better agreement in the perception of other CES, more related to nature for its
AYUONRYAAO @I t dzSvellBeinh(élg SentaadldByyidal Svgllbein@ental and
physical welbeing were widely perceived, reflecting the ongoing trend of visiting the natural
areas for activities in natural landscapes N} G YIFy S Ff ®X uHamdT CF NJA
Passmore, 2012; Malchrowiez2 1 { 2 S (, considerihg them beahéficial for personal well
being. Moreover, we detected that there were synergies between all the ES studies, showing an
overall agreement in their perception, but some synergies resulted to be stronger, such as the
inner ES (memories, belonging) oppisioningeS, suggesting that there could be the possibility

of developing perceptions subordinate to the development of the perception oE&nthus

reducing the effort for communication strategies which could targespecific ES only.

It is widely acknowledged that CB® more perceived than regulating and provisioning services
(Garciallorente et al., 2020)and the questionnaire confirmed this result, above all at the PNGP
where the majority of regulating and provision values appeared in the ten least pedcéitis
result could be due to multiple factors, for instan@ailtural values may be easier to perceive
and understand by th@ublic, whereas provision and regulatirsgrvices might be considered

abstract(Wei Zhang et al., 2015pr even difficult to understandAnother possibilitycould be
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related tothe fact thatthe majority of respondents were tourists, thtfsese areas were mostly
perceived as a supplier akcreation activities, instead ofroductive activities(e.g., timber
production). Eventually, the spiritual value was mostly considered as a subordinate ES, again
confirmingthe already existent literaturéZoderer et al., 2016however we did not detect a
AKFNL) adNRBy3I RA&FINBSYSyidz ¢S |aadzyS KIaG az

areas, perhaps due to the presence of sanctuaries on high elevations.

4.2 Familiarity with the concept of ES correlates with their recognition
This study showed significant differences between PAs, and user categories in the familiarity with

the concept of ES. We detected that users related to environmental cateersiost familiar

with ESand this was an expected result since we assume that during their activities they were
related and workedhe topic of ES, but it was interesting to note that depending on the PA, the
LISNOSy GF3aS 2F FlLYAfAFINAGE OKIFIyYy3aSRT |G tbDt Y2
whereas atthe AD lessthana®al 2 F (1 KS LI .Ngwands SgderhMstS(RUBXtaRetl R

that without a wider recognition of ES in tipeiblicc we would not achieve an inclusion of the ES

in policy making, hence is crucial to widespread the concept of ES and devedigplgation
campaigns that explain to the broader audience the concept ES and its advantages. The
effectiveness of these communication campaigns could be increased focusing on the categories
that do not acknowledge the concept of EEery et al., 2016; Paul & Nagendra, 20RAI30, we
detected that at the PNGP both local stakeholders and tourists wenee likely to be familiar

with the concept of ES, rather than the AD where the percentage dropped. We assume that the
differences between the percentages of the PAs may be related to events carried out by the Parks
FYR GKS LINBASYOS 27F 6ARSaLINBI RAs Algaraaed, théd 2 vy LI
PNGP has a wider popularity for being the first Italian National park and during time it has
developed many divulgation even in which residents were one of the main targéBarco
Nazionale del Gran Paradiso, n.&Eyen the AD has developed communication events, but the
magnitude of these and the timiapse are reduced, hence we assume that this could be one of
the factor affecting thelifferent outcomes. Since the familiarity with the concept of ES is known
as an efficient tool for supporting decision maki(igreure et al., 2012)being useful for
encompassing the natural capital into tdecisionmakingprocessDaily & Matson, 2008and

to help stakeholders in the management proc€Baily et al., 2009)we stress the necessity of

developing a more stratified communication strategy using ES aslacationaltool for raising
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an awareness towards environmental topieery et al., 2016)above all in smaller areas,

aiming to engage also thmarginalisedstakeholders categories, such as people that visit the area

for nontleisure purpose. This was evident for the category of IREN Workers, which attend the

area mainly for working purposes, and recorder the lowest perception and familiarity of ES at the
PNG® LG Aa FdzyRFEYSyualf (2 Ay@2ft oS AysigkeESKSaS |
are easy to understand even in people that do not have a prior knowledge of the(kapi@an &

Sodergvist, 2002b)we consider them as the tool for developing an awareness of the benefits
provided (Beery et al., 2016and to reinforce the current support of forest, having an higher

engagement in conservation actio(iSrétRegamey et al., 2012b)

4.3 Change after COVID
Due to the COVHR9 pandemidravel restrictions and lockdowns were undertakeand this

unequivocally led to a reduced possibility of people to experience natune the development

of a nature deprivatior{Colléony et al., 2022; Tomasso et al., 20249 observed that users had

an overall increased appreciation of natural areas after panderomsidering thenas places for
leisure and welbeing.Natural areas were places related to wiedling even before the pandemic
(Berman et al., 2008; Frumkin et al., 2017; Hartig et al., 2014; Rejeski, b&82)rough this
study we could confirm the literature that states that after this particular period people felt an
enhanced benefit from theniBeckmanrAWibbelt et al., 2021; Grima et al., 2020; Zhai & Lange,
2021) Categories related to attendance of PAs for leisacvities andenvironmental careers
generally appreciatthem more than people that visit the areas for working purpgsamfirming

that the appreciation could be af@i SR o6& (KS ailWeSssanie h&tNgerQin O (1 Sz
an environmentalcareer that declared a neutral changeight be referring to a prior strong
appreciation of the PAs value, thus no change was related to the pandemic. We would like to
remarkthat other events of nature deprivatiocan occur, not onlselatedto pandemicsut also

dueto the vulnerability of these areas against climate changethadiodiversity reduction, that

will lead to irrevocable changes of these environmgiiCC, 2022This result was an interesting
proxy on how the deprivation of natuneésesin peoplean important reactiornto feeling more
connected to nature. This must be a fundamental point to appeal to the public consciousness
during communication, trying to remind them of the feeling of deprivation of the benefits
provided by these areas and pushing them to sigtainablyreflecting on the past crisis to act

for a better future.
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441 SNOSLIIA2Y 2F 9{ OKIy3aSa RSLISYRAy3 2\
2S 200FAYSR aA3aYyAFAOIYl RAFFSNBYyOSa Ay (GKS LIS
such as frequency of visits, duration of the stay, age, gender, stakeholder category and activities
category, for both PAs, remarking that the apprecigtio2 ¥ 9{ A a f Ay (S&iRkes A 1 K d
et al., 2022; Scolozzi et al., 2015; Small et al., 20/@)acknowledge that the perception of ES
is a complex topic, and more variables are needed to have a fulfilling explanation, homever
believe that our analysis has contributed meaningfully to our understanding of the topic and will
help to make informed decisionsind target actions to spread the knowledge of ES. We
determined that age resulted to be one of the variables mostly positively related with higher
values of ES perceptiongting that older users perceivlemore the ES than younger users, and
confirming the evidences in environmental psychology in which ecological awareness and
behaviours were correlated to the ag@lli et al., 2001; Otto & Kaiser, 201Burthermore, also
gender was positively related to the ES perception showing that women were more likely to
perceive more ES rather than magnfirmingthis recurrentresultin literature (NowakOlejnik
et al., 2020; Plieninger et al., 2013; Schirpke et al., 20@®)se aspects were fundamental to
understand to whom environmental communication should targeir instance,we suggest
engaging morgoung generationtn the Eommunicationssuch agpromoting events that are
likely to be appealing foyoung peopletrying to find specificommunicationdormats (Corner
et al., 2015) The most interesting result concerned the positive appreciation of ES and the
familiarity, both with the areaand the concept of ES. Users that were recurrent visitors and
staying for longer visits, could be considered as familiar with théRB#a et al., 2023and were
positively related with a positive perception of EB@Sy (1 dzl f t 8 dzASNBQ GKI
positive perception of the natural area were also positively related with higher values in the
perception. We can remark that the nature deprivation due to the C&ldIBay have led people
to develop a new appreciatioof the areas along with a new perception of th€¢Richlerova et

al., 2023; Tomasso et al., 202Xgsulting in higher scores in our questionnaires.

This study allowed to understand themiliarity withthe concept of and their perception were
correlated factors, and since through an awareness and perception of role played by the
environment in our wetbeing, people could feel more involved in environmental issues and act
more ecologically. We underliribe need for communication that also involves the rsmentific

community, ranging from managers to thpiblic (Cartwright et al., 2016) The correlations

222



identified could be a guiding tool to target the audience that needs to be encompassed in such
activities, forinstanced NEAy 3 G2 Sy 3l 3S Y2NB @&2dzy3a LIS2Lx S |
that still poorly perceive ES in the PAs, using ES knowledgeaas for raisingan improved
environmental awareness. The conc&bES might have some uncertainties in its understanding
by policymakers and nosscientific audience, and being misunderstood could lead in the
development of a sense aiisrust (Norgaard, 201Q¥or this reason scientist must communicate
efficiently to the audience the topic of ES, leading the comprehension of complex ecological
topics(Cartwright et al., 2016using a facilitated language for nenientific audiencefHeath &
Heath, 2007; J. L. Thompson et al., 20I®B)e to the many possibilities of using ES as a tool
(Mckenzie et al., 2014yve believe that through the development of familiarity with ecosystem
services, and environmental topics in general, users will develop an improved environmental
awareness(Paul & Nagendra, 201And a preactive behaviour in environmental safeguard
(Kaiser et al., 1999)vhich are crucial aspects for the fight against the changes induced by human

activities.

5. Conclusions

This projectvaluated the familiarity with the concept the ES concept and their perception by
dzZaSNE FFGdSYyRAY3 Gg2 FELAYS LINRPGSOGSR | NBFasx
evaluating the effects of the COVID pandemic on their appreciation of ES. In #tigly,it was
possible to identify the most perceived ES in these protected areas, which resulted to be mostly
related to the aesthetic value of landscape and biodiversity. Moreover, we detected that ES
LISNDSLIiA2Y o1 a RS LifesR&tifigithat2syme drarddekistics, QuchiaS he
familiarity with the concept of ES, age, and gender were related to higher ratings in user
perception of ES. This could be an incentive for targeting communication activities in the PAs,
focusing on newormats and specific categories, to expand the perception potential of users
visiting the areas and to develop awareness towards environmental topics, targeting the

audience that had the most urgent need to be engaged.
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