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Abstract

Protected areas play a fundamental role in the implementation of international environmental
strategies, in order to ensure effective management systems that support the conservation of
biodiversity and the provision of ecosystem services. However, the actual capacity of National Parks
to generate a specific "park effect” remains an open question. This study aims to assess whether the
transformations observed in Italian National Parks between 1960 and 2018 can be attributed to a
specific park effect or are instead the result of other territorial dynamics. We analysed long-term
changes in land use and land cover (LUMCs) and variations in ecosystem services (ES), both inside
and outside park boundaries, taking into account the SNAI classification. The results show a
significant expansion of forest areas (+52%) and sparse vegetation (+56%), alongside a marked decline
in arable land (-60%) and permanent crops (—26%). At the same time, the overall value of ES remains
stable at around €4 billion per year, with regulating services—accounting for 80% of the total —
increasing by 20% between 1960 and 2018, while provisioning services declined by 41%. Italy's
National Parks represent strategic socio-ecological laboratories capable of generating benefits both
locally and globally. To fully realize this potential, more integrated management is needed, enabling
their transformation from mere conservation areas to drivers of territorial resilience and social
cohesion.

Keywords: park effect; ecosystem services; inner areas; environmental governance; multi-temporal
analysis; territorial dynamics; Italy

1. Introduction
1.1. Overview

Protected areas represent a significant global strategy for mitigating biodiversity loss [1-3], and
to support contribute to climate change mitigation efforts [4]. The provision of drinking water for
urban areas is one of the benefits that populations, including those in distant regions, derive from
protected areas [5]. For instance, forests and woodlands located within protected natural areas
significantly contribute to the quality of drinking water for urban populations, generating substantial
economic and health benefits through their conservation [6]. These ecosystem services further
underscore the strategic importance of protected areas in international environmental policy. In this
context, Target 3 of the Kunming-Montreal Global Biodiversity Framework (GBF), established under
the United Nations Convention on Biological Diversity, aims to safeguard at least 30% of terrestrial,
inland water, and marine areas by 2030.This is a goal explicitly enshrined in the European Union's
2030 Biodiversity Strategy [7], which aims to protect at least 30% of the country's terrestrial and
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marine areas by designating them as protected areas; an objective in line with the United Nations'
expectations, as set out in the Convention on Biological Diversity [8].

In Italy, the system of protected areas increased significantly between 1960 and 2018, both in the
number of sites established and in their territorial extent. Today, Italy counts 26 national parks
covering a total area of just under 16,000 square kilometers, equal to about 5.3% of the national
territory. These areas represent an environmental heritage of great importance, heterogeneously
distributed along the peninsula and often located in contexts characterized by socio-economic
fragility, yet at the same time of high ecological and landscape value.

Ecosystem services are the direct and indirect benefits that humans derive from ecosystems
[9,10], and are commonly classified into four main categories: supporting, provisioning, regulating,
and cultural services [11]. Protected areas play a crucial role in ensuring the provision of these
multiple ecosystem services that natural systems offer to society [12,13]. Among these are
provisioning services such as food, access to fresh water, timber, and biomass [14]; regulating and
maintenance services such as carbon storage [15], flood control, climate regulation, and protection
against soil erosion [16]; and cultural services including recreational use and aesthetic value [17,18].
Ultimately, protected areas provide essential socio-ecological benefits both to the local population
and to the broader community [19]. However, the ability of protected areas to deliver ecosystem
services is increasingly challenged by anthropogenic pressures [20]. Major threats include
urbanization [21], deforestation [22], agricultural intensification [23], pollution [24], and the spread
of invasive alien species [25]. Changes in land use and land cover also strongly affect the structure
and functioning of ecosystems, influencing ecological security [26] and the capacity to provide
ecosystem services [27-32].

At the international level, several studies have investigated the ability of protected areas to
produce measurable changes both in environmental terms (forest cover, carbon sequestration,
reduced fragmentation) and socio-economic terms (poverty, household income, employment) [33—
37]. For example, the study by [37] found that the establishment of protected areas contributed to a
10% reduction in deforestation in Costa Rica between 1960 and 1997. [34], on the other hand, analyzed
the environmental and socio-economic impacts of three different Payment for Ecosystem Services
(PES) programs implemented within two protected areas in northern Cambodia. The results of the
study indicate that such instruments can effectively support the achievement of conservation goals
while also generating benefits for local communities.

The effectiveness of protected areas may also depend on various factors, including territorial
location, local governance, and the presence of management tools. In Italy, many national parks fall
within so-called Inner Areas, characterized by geographic marginality and difficulties in accessing
essential services [38]. The term “Inner areas” is employed to denote regions that are characterised
by a considerable distance from the primary hubs of supply for essential services, including but not
limited to health, education and mobility. These territories are distinguished by the presence of
significant environmental and cultural resources [38]. The concept of peripherality, however, is a
dynamic concept, which implies the absence of socio-economic connections and exclusion from
political power in the decision-making process. This relational type of distance is further elaborated
upon in the following section, drawing upon the work of [39]. The Italian National Strategy for Inner
Areas (SNALI) is predicated on the place-based approach [40,41], which is founded on the observation
that the impact of public investments is highly differentiated at a local scale. The primary objective
of SN Al is to reverse the negative demographic trend that is prevalent in Inner areas. In this regard,
a long-term strategy is envisaged to address the persistent underutilisation of human, economic,
cultural and environmental resources in these territories [38]. [20] highlights the strategic role of
governance in ensuring the continuous supply of ecosystem services, both quantitatively and
qualitatively. Effective park management could be enhanced by the use of spatial information [42,43],
including mapping and modelling of ecosystem services [44].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1966.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2025 d0i:10.20944/preprints202509.1966.v1

3 of 18

1.2. Spatial Framing

In Italy, conservation policy has its roots in the early decades of the twentieth century, when the
first national parks were established: Gran Paradiso (1922), Abruzzo (1923), Circeo (1934), and Stelvio
(1935) [45]. These pioneering experiences, although embedded in a fragmented regulatory framework
mainly oriented towards aesthetic-landscape protection, marked the beginning of a conservation
pathway that would only be systematized several decades later. The real turning point came with
Framework Law No. 394 of 1991 [46], which introduced an organic system of protected natural areas.
However, in addition to the conservation objective, there is the sustainable valorisation of
environmental and cultural resources, which can be achieved through the promotion of economic
activities, including sustainable tourism. Thanks to this legislative framework, the 1990s witnessed a
rapid expansion of national parks, in line with Italy’s international commitments under the
Convention on Biological Diversity [8].

The total surface area of national parks, which in the 1960s amounted to less than 300,000
hectares, grew rapidly to exceed 1.5 million hectares in the 1990s, reaching approximately 1.68 million
hectares in 2018 [47,48]. Currently, the 26 national parks cover about 5% of the national territory,
while the entire system of protected areas—including regional parks, reserves, and Natura 2000
sites—extends over more than 20% of Italy’s surface, thus constituting one of the pillars of
conservation policy [47]. At the same time, the period 1960-2018 was characterized by wide-ranging
socioeconomic and territorial transformations. Initially, mountain and inland areas experienced
widespread depopulation, accompanied by agricultural abandonment and processes of natural
reforestation. Subsequently, these territories underwent renewed valorization, through the
development of high-quality extensive agriculture (PDO/PGI and organic products) and the growth
of nature-based tourism [47-50]. Spatial analyses conducted using GIS have highlighted how long-
term land cover dynamics are closely connected to variations in ecosystem services, confirming the
role of national parks as true territorial laboratories of sustainability [28].

At the European level, recent studies have documented trends in ecosystem services linked to
land use changes between 2000 and 2018, showing significant variations in the provision of
provisioning, regulating, and cultural services depending on land cover distribution [51]. Particular
attention has been devoted to ecosystem service flows from mountain areas, as in the case of the Alps,
which underscore the functional interconnections between supply areas and demand areas [52].

Within the Italian socioeconomic context, nature-based tourism represents a crucial driver. In
the municipalities located within national parks alone, around 20 million tourist overnight stays were
recorded in 2016 [47], with an estimated economic impact ranging between €5 and €5.5 billion
annually and over 100,000 jobs in the supply chain prior to the pandemic [53]. At the global level,
nature-based tourism accounts for about 10% of GDP and employment, confirming its strategic
importance [54,55]. At the same time, agricultural intensification remains one of the main threats to
global biodiversity, being responsible for substantial terrestrial habitat loss [56].

The analysis of land use and land cover changes in Italian national parks between 1960 and 2018
highlights complex and interconnected dynamics. On the one hand, there has been a transition from
traditional agricultural and pastoral landscapes towards scenarios characterised by forest expansion
and the transformation of farming practices, a phenomenon observed in many European mountain
contexts [57,58]. On the other hand, the growing relevance of nature-based tourism has emerged,
playing a dual role as both an economic driver and a lever for the valorisation of natural capital, often
in synergy with multifunctional agriculture [59].

The observed transformations significantly affect the provision of ecosystem services.
Reforestation and sustainable soil management have strengthened regulating services, such as carbon
sequestration and hydrogeological stabilization [30,51]. At the same time, cultural and provisioning
services have become more prominent, supported by high-quality agricultural products and nature-
based tourism experiences [60]. These dynamics highlight the existence of trade-offs and synergies
between ecological, economic, and social dimensions: while forest expansion enhances regulating
services, multifunctional agriculture and tourism sustain cultural and economic services.
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In parallel, regulatory evolution and the expansion of protected areas intersect with
demographic dynamics within national park territories. Following significant growth in the period
1951-1981 [45], from the 1990s onwards a progressive decline of the resident population has been
observed: between 1991 and 2012, the population decreased on average by 5.6%, compared to a
national increase of 5.1% [47,61]. This depopulation, coupled with aging and low birth rates, reflects
the structural fragility of local communities, which nonetheless remain custodians of environmental
and cultural heritage of extraordinary value.

In conclusion, regulatory evolution, the expansion of protected areas, and demographic trends
outline a framework in which Italian national parks function as complex socio-ecological laboratories.
They play an essential role in biodiversity conservation and in the provision of ecosystem services,
while simultaneously requiring governance strategies capable of integrating environmental
protection with the sustainable development of local communities [28,53].

1.3. Objective of the Paper

The objective of our study is to investigate whether the transformations observed in Italian
National Parks between 1960 and 2018 can be attributed to a specific “park effect” or rather represent
the outcome of broader territorial dynamics affecting central and inner areas. To this end, we
analysed long-term changes in land use and land cover (LUMCs) and variations in ecosystem services
(ES), both inside and outside park boundaries, taking into account the SNAI delimitation. Our
research thus aims to distinguish the actual contribution of protected areas from general national
trends, providing useful insights for conservation policies and territorial governance.

2. Materials and Methods

Starting from previous studies [29,30,62], and in order to define if it can be observable a park
effect or if parks transformation is consequence of a general nation trend linked to the dynamics of
inner and central areas, this study the methodological approach was based on the following step
(Figure 1)

Step 1 -LUMCs multitemporal changes inside and outside NPs

Looking forward to a multi- temporal analysis of land use and cover changes, the used data have
been derived by the Italian Touring Club cartography (TCI- 1960) and the Corine Land Cover (CLC)
database for 1990 and 2018. The land use data at level III of the CLC hierarchical classification were
aggregated into 9 land-use macro-classes (LUMCs): (i) urban, (ii) arable land, (iii) permanent crops
as vineyards, orchards and olive groves, (iv) pastures, (v) heterogeneous agriculture, (vi) forests, (vii)
scrublands, (viii) sparse vegetation, (ix) wetlands and water bodies. In order to further investigate
whether changes in land use depend on a park effect rather than dynamics common to inland areas,
this study analysed the dynamics of macroclasses in the following SNAI areas: central areas or hubs
(A), inter-municipal hubs (B), belt (C), intermediate (D), peripheral (E), ultra-peripheral areas (F).
Areas have been investigated both as absolute values(km?) both as growth rate (%), and a
comparison between inside and outside areas have been carried out.

Step 2 — Multitemporal quantification of ecosystem service provision inside and outside NPs

In line with the benefit transfer approach [63,64;65;66,67], unit economic coefficients (€/ha) for
the ecosystem services supply associated with land use/land cover were extracted from scientific
literature.These coefficients have been multiplied by the specific areas of the macroclasses in each
park, in order to obtain i) a snapshot of the ESs supply in each reference year and ii) a basis for the
comparative analysis of ESs changes between 1960 - 1990 and 1990 - 2018. The ecosystem services
analysed are: provision of agricultural products, fodder, timber and mushrooms (provisioning
services) and regulation of global climate, air and water purification, groundwater recharge, erosion
protection and flood mitigation (regulating services).
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Area of Study

The total territory of the 23 Italian NPs considered in this study (Figure 1) covers about 1.4
million hectares, mainly located in mountain environments such as the Alps and the Apennines. They
are located in all Italian regions except Friuli Venezia Giulia and Sicily. Calabria and Abruzzo are the
regions with the highest density of parks: in fact, in Calabria there are the Pollino, Aspromonte and
Sila; in Abruzzo the Lazio-Abruzzo-Molise park, the Gran Sasso and the Lega mountains and, finally,
the Maiella. The analysis does not include the Matese National Park, the Portofino National Park, and
the Pantelleria National Park, as they were recently established with provisional boundaries, nor the
Gennargentu National Park, which has been formally established but is not yet operational.

The vector information layer of NPs has been downloaded from the Official List of Protected
Natural Areas updated in 2010. Based on these data, the largest parks are: Cilento e Vallo di Diano
(1840 km?), Pollino (1728 km?), Gran Sasso e Monti della Laga (1418 km?). The LUMCs analysis has
been carried out exploring the general composition of all parks in 2018 and, which pointed out that
46.5% is represented primarily by forests and 26.1% by scrubs. The rest of the LUMCs is
representative of a scarse coverage rate. On the other hand, looking at the territory outside the NPs,
it emerged that forests are not the prevailing use, and that is exceeded by arable land (respectively
25.4% and 28.7%).

.......

TTALY

: f 100

—

Figure 1. Geographical distribution of Italian National Parks. Source: Ministry of the Environment and Energy
Security (2010). The NPS numbering correspondence is described here below: 1- Cilento e Vallo di Diano; 2-
Pollino; 3- Gran Sasso e Monti della Laga; 4- Stelvio; 5- Gargano; 6- Sila, 7- Gran Paradiso; 8- Monti Sibillini; 9-
Appennino Lucano, Val d'Agri, Lagonegrese; 10- Alta Murgia; 11- Aspromonte; 12- Maiella; 13- Abruzzo, Lazio
e Molise; 14-Foreste Casentinesi, Monte Falterona e Campigna; 15- Arcipelago Toscano; 16- Appennino Tosco-
Emiliano; 17- Dolomiti Bellunesi; 18- Val Grande; 19- Vesuvio; 20- Circeo; 21- Asinara; 22- Arcipelago La
Maddalena; 23.

Table 1 illustrates the classification of Italian national parks into five clusters (historic, alpine,
Apennine, tourist, and southern agricultural) [62], reflecting different phases of establishment from
1922 to the present. Historic parks represent the original core of conservation, while more recent ones
respond to emerging needs of protection and socio-economic development. The main land cover
types range from forests and shrublands to agricultural areas and sparse vegetation, highlighting the
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ecological specificities of each context. This distribution emphasises the biogeographical differences
and conservation challenges distinctive to each cluster.

Table 1. Brief overview of the Italian national parks (NPs).

NPs Year of Extention Type Main Land cover
establishment (Km?2) (%)
Gran Paradiso 1922 710,43 | Historical 47 2% Scarse
vegetation
39.0% Scrub
Abruzzo, Lazio e Molise 1923 496,80 | Historical 59.6% Forest
27.6% Scrub
Circeo 1934 84,84 | Historical 28.6% Arable
Stelvio 1935 1307,28 | Historical 52.0% Scarse
vegetation
Monti Sibillini 1989 714,37 | Apennine 42.5% Forest
35.4% Scrub
Arcipelago Toscano 1989 737,62 | Tourist 58.5% Scrub
26.6% Forest
Appennino Tosco- 1989 227,92 | Apennine 74.3% Forest
Emiliano 21.5 Scrub
Aspromonte 1989 760,53 | Apennine 64.4% Forest
23.6% Scrub
Pollino 1990 1925,65 | Southern 53.6% Forest

agricultural | 20.0% Scrub

Dolomiti Bellunesi 1990 310,34 | Alpine 53.3% Forest
29.3% Scrub

Foreste Casentinesi, 1990 364,26 | Apennine 87.9% Forest

Monte Falterona e

Campigna

Gran Sasso e Monti della 1992 1489,35 | Apennine 48.2% Forest

Laga 36.5% Scrub

Val Grande 1992 150,00 | Alpine 53.0% Forest
46.0% Scrub

Cilento e Vallo di Diano 1993 1810,48 | Southern 52.5% Forest

agricultural
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Gargano 1993 1211,18 | Southern 39.0% Forest
agricultural | 28.1% Scrub
Vesuvio 1993 84,82 | Tourist 33.7%Heterogeneous
agricultural areas
28.1% Forest
Majella 1993 740,95 | Apennine 45.3% Forest
33.8% Scrub
Arcipelago di La 1994 201,46 | Tourist 57.4% Scrub
Maddalena 25.5% Scarse
vegetation
Asinara 1997 299,60 | Tourist 76.3% Scrub
Golfo di Orosei e del 1998 739,35 | Tourist
Gennargentu
Cinque Terre 1999 38,60 | Tourist 63.5% Forest
Sila 2002 736,95 | Historical 81.2% Forest
Alta Murgia 2004 680,77 | Southern 39.9% Scrub
agricultural | 39.8% Arable
Appennino Lucano - Val 2007 689,96 | Southern 64.1% Forest
d'Agri - Lagonegrese agricultural
Pantelleria Island 2016 65,60 | recently
established
Portofino  (provisional 2021 12,00 | recently
perimeter) established
Matese (provisional 2025 878,98 | recently
perimeter) established

Source: https://www.parks.it/indice/PN/index.php.

3. Results

3.1. Multi-Temporal Analysis of Land-Use Macroclasses (LUMCs) Changes in NPs

With regard to changes in land use macroclasses (LUMCs) observed in national parks, several

dynamics can be highlighted (Table 2). A common thread running through all LUMCs dynamics is

that the most significant changes occurred in the first period rather than the second. The general
trends between 1960 and 2018 show (i) an increase in artificial fabrics of 66.1 km? (+175.6%); (ii)
growth in forests and sparse vegetation of 2,258.7 km? and 514.9 km? (respectively +52.0% and
+55.7%); an increase in heterogeneous areas and pastures of 35.5 km? and 257.0 km? (corresponding

to +39.7% and +27.5%). As regards agricultural areas, while the latter two categories are undergoing
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expansion, analysis of the data shows a sharp decrease in arable land, that reduces by -1,194.4 km? (-
59.6%), and, to a lesser extent, in permanent crops thet decline by 110.0 km? (-26.0%).
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Table 2. Multi.temporal LUMCs variation (km2 and %) between 1960,1990 and 2018 in NPs.
surface variation (km?) growth rate (%)
LUMCs 1960-1990  1990-2018 1960-2018 | 1960-1990  1990-2018 1960-2018
Artificial 49.93 16.16 66.10 132.69 175.65

- 3.86 -

Arable - 1,224.55 30.10 - 1,194.46
Permanent - 126.43 16.38 - 110.05 - 29.89 5.52 - 26.02
crops
Pasture 316.39 35.52 27.55
Heterogeneous 323.77 -66.74 257.03 -6.87 39.71
Forests - 22.48 51.48 0.34 52.00
Scrub - 41.19 13.35 - 33.34
Scarse 694.99 -180.01 514.98 75.27 -11.12 55.77
vegetation
Water 23.51 529 28.80 2.01 0.44 2.46

Examining the differences between the first and second periods in LUMCs with major surface
changes between 1960 and 2018, it emerges that forests, of the total growth, increased in the first
period, recording a +51.4% (+2,236.2 km?), opposed to the insignificant variation in the second time
period. Alta Murgia is the NO with major increases up to 1990, while Gargano recorded major growth
in the second period. Scrublands underwent a significant decrease over the entire period;
nevertheless, in the first period, it fell sharply, while in the second, it showed a slight rise (-41.1%
opposed to +13.3%). Observing arable land changes, data analysis shows a strong decrease of -61.1%
in the first period, opposed to an irrelevant growth in the second period. The NP where the major
decreases in arable lands occurred between 1960 and 1990 is in Cinque Terre, while between 1990
and 2018 in Asinara. Soil sealing, which is one of the most impactful processes of land use change,
has slowed down in recent times, whereas in the early stages it was much more significant: in fact, of
the total sealed soil, 76% (49.9 km? ) has been built between 1960 and 1990, while the remaining 24%
(16.1 km?) refers to the second time period. The few NPs where urbanisation is stronger in the second
period than in the first are Alta Murgia, Cilento, and Vallo di Diano, with growth rates of,
respectively, +2,595.2% in the first period compared to +150.8% in the second; +76.6% compared to
+56.2%.

In order to verify the hypothesis that land use change dynamics within parks are aligned with
those of SNAI areas, data from inside and outside the parks were processed and reported in the table
below (Table 3). The results show that the changes in the parks are only partly linked (in the inland
areas) to the changes observed in the areas outside the parks. In the central areas, the changes inside
and outside the parks diverge in some cases, such as in arable land, hill farms and heterogeneous
areas.
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Data representing the 1960 - 2018 changes, shows that the expansion of forests in NPs took place
in all SNAI areas with an overall increase of 2,258.7 km?, has occurred especially in peripheral areas
(+1,009.9 km?). Outside the perimeter of the parks, forests are increasing particularly in the more
inland areas, but in this case more significantly also in the intermediate areas (+6,117.3 km? and
+6,522.5 km?). Looking outside parks, agricultural arable lands have increased mostly in the belts
SNAI areas and, in a lower manner, in hubs (+4,102.4 km? and +790,8 km? ). Inside NPs,
contrarywise, arable land have experienced a decline in all SNAI areas, except for an insignificant
increase of 1 km? in inter-municipal centres.

Table 3. Variation in LUMCs between 1960 and 2018 (km2), inside and outside NPs, by SNAI areas.

inside NPs
km?
Artificial Arable  Permanent o cwre HeterOSene o ests scrub oo Water
crops ous vegetation

A 1,03 - 1432 - 10,49 481 14,14 20,86 - 42,12 25,65 0,43
B 4,97 102 - 17,73 - 0,02 13,85 735 - 10,15 0,71 -
C 8,26 - 2824 - 34,01 0,89 25,83 126,09 - 99,22 0,39 - 0,01
D 17,26 - 162,26 - 62,66 - 1,92 71,83 487,38 64,60 9,01
E 20,69 = | ; 20,53 18,65 24,34 721,94 289,35 - 2,48
F 13,88 - 33158 - 5,70 13,11 107,03 495,81 134,29 21,84
total (km?) 66,10 -1.19446 - 110,05 35,52 257,03 .856, 514,98 28,80

26,02 2755 3971 5200 -3334 5577 23,03
outside NPs
km?
Artificial Arable Per;n:pn:nt Pasture Heteor::ene Forests Scrub vei:::on Water

A 2.96006 790,80 -1.173,92 - 440,16 -1.88654 634,73 - 1.122,82 36,76 201,09
B 502,57 - 11547 - 5177 - 82,51 - 29919 317,44 - 388,17 8,12 10898
c | 549590 4.10245 -1.76347 -3.471,80 -5.58991 3.10359 - 2.411,62 27497 259,90
D 2.138,70 |- 54497 -2.002,64 3.269,71 | - 461303 627,98 215,75
E 882,16 159,01 - 440,92 | 4.801,72 6 0 1.050,86 139,86
F 219,98 -1.01569 - 518 - 61,61 107948 2.011,45 - 2.669,16 42684 1389
total (km?) = 12.199,36 -8.096,53 -3.380,31 -6.499,63 1.37527 | 18.707,04 ~17%.670,201 2.42553 939,47
growth
rate(%) 893  -13,54 316 3443 3460 4293 33,73

Looking at the growth rate values and comparing the results inside and outside NPs, it is evident
that forests have been successfully encouraged and incremented in the parks (+52.0%) than in the rest
of the Italian territory (+34.43%). A similar trend regards heterogeneous agricultural areas that grow
by 39.7% in parks compared to 3.1% outside parks. As it regards the scrublands, in markedly
declining, the highest decreases are concentrated in inner areas and in particular in peripheral SNAI
areas both in NPs both outside. Artificial soil extension occurred evidently outside NPs (+12,199.3
km?). Percentage growth is also significantly higher outside the parks (+249.9%). Another of the most
notable differences concerns arable land and pastures. The analysis highlighted that the decrease in
arable land was more pronounced in the parks (-1,994 km?) than in the rest of the territory (-8,093.5
km?). In terms of percentage change, this represents a -59.6% compared to 8.93%. Finally, looking at
the results for pastures, the data show a slight increase (+27.5%) in parks, in contrast to the sharp
decline in the rest of the territory (-62,0%).

Changes in land use inside and outside parks coincide, in terms of sign and relative intensity,
mainly in inner SNAI areas. Conversely, for central areas, this convergence is not entirely observable:
in fact, urban areas are clearly growing outside parks, especially in belt areas, while in the case of
parks, they are prevalent in peripheral areas; arable land is decreasing in parks and increasing
outside them, orchards are decreasing slightly in parks and decreasing sharply outside them,
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pastures are in sharp decline outside parks and remain more or less stable in central areas beyond
parks.

3.2. Economic Value of Ecosystem Services in National Parks: Amount and Changes Over Time

As shown in the results reported in Table 4 below, in the last year available for analysis (2018),
the territories included in national parks provided ecosystem services worth approximately €4030. In
particular, regulating services accounted for approximately 80% of the total (€3228 million/year).
Among the most significant regulating services in terms of economic value are groundwater recharge
(€1066 million/year), air purification (€1061 million/year) and erosion protection (€573 million/year).
Among the provisioning services, agricultural production remains significant, with an estimated
value of approximately €576 million/year.

Table 4. Multi.temporal ES variation (million € and %) between 1960,1990 and 2018 in NPs.

ESs economic value ESs economic value variation ESs economic value variation
(Milion €) (Milion €) (%)
Ecosystem Services 1960 1990 2018 | 1960-1990 1990-2018 1960-2018 | 1960-1990 1990-2018 1960-2018
Forage production 156 | 95 97 -61 2 -59 o 3% 2% -38%
Timber supply 72 117 | 114 45 -3 42 . 5996

Flood mitigation 300 | 339 | 333 33

Agricoltural production | 570 | 526 | 47 b

Mushrooms supply 63 65 8 e 2w I 10 14% 18%

Erosion protection 547 | 567 | 573 20 ng_:ﬂ 25

Water purification 12 20 B 70 4 0%
Air purification 756 | - 305 3 40%

Global climate regulation | 141 - 25%

Groundwater recharge 920 |1 | 106t - | | 16%

Total ESs 4034 - - ! -0.1%
Total provisioning Ess 1359 - -44 -41%
Total regulating Ess 2675 . 21%

Changes in LUMC over time have led to changes in the supply of the ecosystem services
analyzed. In general, the total economic value of ES provided by NPs increased slightly between 1960
and 1990 (+0.34%) and decreased slightly between 1990 and 2018 (-0.45%), with the total value of ES
remaining just above €4 billion per year.

The results show greater differences when the type of services is distinguished: a marked
decrease in provisioning services (-41% from 1960 to 2018) and an increase in regulating services
(+20% from 1960 to 2018). Consistent with the findings on land use changes, it should be noted that
the most significant changes for all services surveyed occurred between 1960 and 1990 (+21% in
regulating ESs and -38% in provisioning ESs), while between 1990 and 2018 the changes were much
less significant (substantial stability of regulating ESs and 5% decrease for provisioning ESs.

By analysing the absolute values of the single services and their fluctuation over time, it can be
noted that, among the three ESs with the greatest weight in the three years considered, groundwater
recharge and air purification have increased the overall value of the parks over time (from €920
million to €1066 million and from €756 million to €1061 million, respectively), erosion protection has
grown by €547 million to €573 million, while agricultural production, which accounted for a large
part of the supply in 1960, halved in value from €1076 million to €526 million.

Looking at the economic growth rate, the data show that in the first period there was a significant
decline in agricultural production of up to €506 million (-45%) compared to a more modest loss of
€44 million in the second period (-8%). Fodder production also fell sharply in the first period, by €61
million (-39%), while in the second period it recorded a very small increase of €2 million (+2%).
Looking at the increase in ES, It emerges that the most significant percentage changes over the entire
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period were achieved by water purification (+70%), timber supply (+49%) and air purification (+40%),
all driven by changes that occurred mainly in the first period analyzed. It should be noted that over
the entire period analyzed, only agricultural and fodder production show a net decrease, while the
other ES grow.

4. Discussion

Results of the first step of our methodology pointed out that land use composition in parks is
different compared to the territory outside them: in fact, NPs, are prevalently forested, while outside
protected areas, arable land and forests account for a similar percentage. Changes in LUMCs inside
and outside parks coincide, in terms of sign and relative intensity, mainly in inner SNAI areas;
conversely, for central areas, this convergence is not entirely observable: in fact, urban areas are
clearly growing outside parks, especially in belt areas, while in the case of parks, they are prevalent
in peripheral areas; arable land has decreased in parks and increased outside them, orchards have
decreased slightly in parks and decreased sharply outside them, pastures undergo in sharp decline
outside parks and remained more or less stable in central areas beyond parks. In conclusion,
observing the changes that have taken place, it can be affirmed that the park effect is particularly
evident in central areas, while in inner ones the dynamics are similar in most LUMCss.

The first step of the analysis, i.e. multi-temporal analysis of land use changes, showed the most
relevant phenomena mainly concerned forestation, especially of inland areas, and the decrease of
shrublands. This dynamic is in line with what has been studied in the literature [68-70] regarding the
socio-economic dynamics of depopulation of inland areas and consequent abandonment of
traditional agricultural and pastoral activities [71]. The “park effects” observed in this step of the
study highlighted two fundamental elements: on the one hand, the expansion of urban areas was
strongly arrested in all NPs, especially in those that had seen the greatest soil sealing in the first
interval On the other, the abandonment of agriculture and spontaneous forestation, not necessarily
attributable to the establishment of parks but rather to the socio-economic dynamics of the post
World War II period [72] have eroded the typical heterogeneity of Mediterranean cultural
landscapes.of many NPs [68].

The value of ES generated by parks in 2018 amounts to approximately 4.13% of the total value
of services at national level (over 97 billion, according to the study by [29], which is in line with the
percentage of national territory covered by national parks (4.92% in 2018), although we would
probably have expected a higher percentage. This is probably due to the fact that, in general, much
of the economic value of services is attributable to the agricultural sector, which in turn is not very
significant within national parks compared to the entire nation (as of 2018, only about 8% of national
agricultural land is included in national parks). The results on the supply of ES in the NPs in fact
clearly show (as expected) a vocation for the provision of regulating ES rather than provisioning ESs.
This orientation has become more pronounced over time, mainly due to the abandonment of
agriculture. With regard to the territorial dynamics analysed, these led to a decrease in provisioning
services and an increase in regulation services throughout the entire period from 1960 to 2018. These
changes can be interpreted as “expected”, considering the role that protected areas play in relation to
the territory, namely promoting conservation over (agricultural) exploitation. However, net of the
above, if we also consider the date of establishment of the parks, a revealing pattern emerges: after a
considerable increase in the period 1960-1990 (with only four “historic” parks active), regulation
services slowed down considerably (almost stabilizing) in the subsequent period 1990-2018, when 22
new parks were established. This pattern is noteworthy because we would have expected a
prosecution of the upward trend in ecosystem services and certainly not such a marked slowdown.
This phenomenon may depend on various causes, including delays in the implementation of
management plans, financial limitations or the achievement of the maximum potential supply of
ecosystem services within the park. This aspect certainly needs further investigation.

The approach adopted in this study provides an innovative contribution as it combines a long-
term temporal perspective (1960-2018) with a spatial comparison inside and outside national parks,
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stratified by SNAI classes. This design makes it possible to assess not only the role of national parks
in territorial management between inner and central areas, but also the effectiveness of governance
in conserving ecosystems. Our contribution integrates spatial and temporal dynamics with the
monetary valuation of ecosystem services, thereby enriching a scientific debate that often relies on
shorter temporal horizons or on specific indicators [73,74]. The diachronic analysis of long-term
changes in land use and land cover transformations highlights the increase in regulating services
within parks and the contraction of provisioning services, providing an innovative interpretative key
for ongoing territorial transition processes.

Our results are consistent with international literature. For instance, [75] report similar trade-
offs in Alpine contexts, where provisioning services are more evident outside protected areas and
regulating services prevail inside them. Furthermore, [76] show how protected areas can generate
cultural and recreational benefits with direct effects on community well-being, thus integrating
ecological and economic dimensions. In addition, our findings support previous evidence that the
effectiveness of protected areas is not homogeneous but varies along gradients of accessibility and
anthropogenic pressure: in more accessible areas subject to higher pressures (central areas), the “park
effect” is more evident, whereas in marginal areas (inner areas), land use dynamics are
predominantly driven by broader socio-economic factors [77]. Overall, this study strengthens
empirical evidence on the role of national parks as multifunctional natural infrastructures, capable of
integrating conservation goals with territorial cohesion and community well-being.

5. Conclusions

This research is based on a diachronic analysis of land-use/land-cover transformations and the
associated variation of ecosystem services (ES) in Italian National Parks between 1960 and 2018. The
results highlighted the interaction between broader dynamics affecting inner areas and possible
effects linked to the establishment of protected areas. However, the interpretation of these results
must consider several limitations. First, we relied on the most recent park boundaries, without
accounting for their historical evolution. Second, the study did not include the internal zoning (A, B,
C, D zones), which defines different levels of protection and land-use practices and may strongly
influence territorial dynamics. A further limitation concerns the delays between the formal
establishment of the parks and the approval and implementation of their management plans, which
are indispensable instruments for territorial governance. In many cases, these plans were adopted
only years or even decades later (e.g., the Sila National Park), thus reducing the ability of protected
areas to promptly influence transformation processes.

At the same time, these limitations provide relevant insights for the governance of protected
areas. In particular, there is an urgent need for dynamic and updated monitoring tools that take into
account the evolution of park boundaries and internal zoning, in order to evaluate more precisely the
effectiveness of conservation policies [30]. Furthermore, the integration of park management plans
with other territorial policies, especially the Italian National Strategy for Inner Areas (SNAI),
represents a necessary condition for harmonising conservation objectives with socio-economic
development goals. Previous studies have shown that an integrated reading of territorial
transformations, based on the interplay between natural, social, and economic capital, can
significantly enhance the effectiveness of sustainability strategies [30]. At the same time, innovative
governance models are needed, capable of combining public expenditure with private payments for
ecosystem services, in order to mobilise new resources and foster shared responsibilities [78].

In conclusion, Italian National Parks represent strategic socio-ecological laboratories, where the
continuous interaction between natural, social, and economic capital generates flows of benefits with
both local and global relevance [28]. To fully realize their potential, more timely, dynamic, and
integrated management is required. Only in this way can National Parks evolve from simple
conservation strongholds into true engines of territorial resilience and social cohesion, as already
highlighted by recent studies on the effectiveness of protected areas in the Italian context [79,80], with
an increasingly strategic role in the wider Mediterranean and European framework.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1966.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2025 d0i:10.20944/preprints202509.1966.v1

14 of 18

Italian national parks have a strategic potential not only as protected natural areas but also as
drivers of territorial resilience and social cohesion, capable of significantly contributing to the
environmental, economic and social sustainability goals (Agenda 2030). To improve the management
of protected areas, greater coordination among territorial policies, more effective implementation of
management tools (park plans), and the adoption of innovative governance strategies involving all
stakeholders are considered essential, promoting a lasting balance between environmental protection
and sustainable development.
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