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Abstract: In recent decades, many mountain areas of the Mediterranean countries show spontaneous
reforestation or densification due to depopulation and the consequent abandonment of traditional
agricultural and pastoral activities, leading to the loss of open habitats. In this paper, dynamics
of natural and semi-natural areas in the summit areas of the Abruzzo, Lazio e Molise National
Park are investigated, highlighting changes that occurred from 1954 to present days. Historic Land
cover maps have been produced by photo interpretation. A quantitative description of changes and
habitats loss in relation to the socio-economic changes is provided. As expected, a forest surface
expansion and an open areas decrease are observed similarly to many marginal mountains, where
land abandonment and general forest/shrub recovery are the inevitable tendencies. An intense debate
is still ongoing regarding the opportunity of rewilding, allowing the natural reforestation processes,
versus the management of some areas, in order to preserve habitats and cultural traditional landscapes.
For the EU biodiversity conservation policy to be effective, proper planning and management of
interventions as well as public support and funding, become crucial when traditional activities are
no longer profitable and viable for local inhabitants.

Keywords: forest-grassland dynamics; reforestation; land abandonment; LULC analysis

1. Introduction

According to Forman et al. (1986) [1], the landscape can be defined as “a heterogeneous
land area composed of a cluster of interacting ecosystems that is repeated in similar form throughout”.
By its nature, the landscape is a complex system which has to be considered as holistic (the
whole is greater than the sum of its parts), relativistic and dynamic: changing an element
always means, in some way, changing the whole. This is the reason why some complex
systems have been found to reorganize themselves so drastically that they really become
something new [2].

Anthropogenic activities are responsible for many changes in the heterogeneous
scale and patterns of landscape [3] and a modification is also expected when the anthro-
pogenic pressure decreases [4]. A pan-European scale study over the last 25 years revealed
that the most important landscape transitions are urbanization and natural afforestation
processes [5].

Currently, more than half of the Earth’s terrestrial surface is shaped by agro-pastoral
activities, including a high fraction of protected areas [6]. Over time these practices orig-
inated landscapes which can be defined as traditional, and which played an important
role in creating new high-quality habitats, which evolved into unique and characteristic
biodiversity [7–9].

Traditional landscapes are defined as those that have a distinct and recognizable
structure resulting from the integration of abiotic, biotic and cultural elements over the
centuries and through slow development processes characterized by few periods of change
and long periods of consolidation [10].
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In Italy, a relevant example of traditional landscape can be found in the Apennines,
that are a mountain range of about 1350 km from northwest to southeast Italy. Until
1900, traditional agricultural and forestry practices in these areas have altered the natural
landscapes, resulting in a complex mosaic of sparse open areas and woodland patches [4].

Many Italian regions, including the Apennines, were affected by the decline of the
traditional agro-pastoral activities that occurred as a result of the deep socio-economic
changes after WW2 and then by the economic boom that followed [11–13]. The diffusion of
intensive farming in favorable areas and the urbanization in the lowlands also triggered the
abandonment of mountain areas and, consequently, of seasonal mountain pastures. This
phenomenon was also common in many southern European mountain regions, where the
processes of urbanization and the contemporary decline of agricultural activities have led
to changes in rural land use practices, that since the 1950s have often caused the complete
abandonment of agricultural land and of traditional activities [14].

As a consequence of this social phenomenon a progressive renaturalization of rural
areas and of open grazing areas occurred in the Apennines and in other Mediterranean
mountain regions such as Spain [15], France [16], Greece [17,18].

As the dynamics and magnitude of the changes increased, the traditional landscape
structure was, therefore, greatly disturbed [19] also as a consequence of a change at the
plant community level [12,16,20,21].

Natural succession processes, with shrub and woodland encroachment [4,11,20,22],
led to a return to a seminatural state showing an increase in size and number of woodland
patches [19]. Forest expansion occurred both in terms of the gap filling process at a lower
elevation and as an upward shift of the treeline [23]. As reported in Garbarino et al. [11],
the increase of Italian forests is sizable; forests measured as a square kilometer, shifted
from 60,000 in 1936 (Italian Kingdom Forest Map) to 85,000 km2 in 1985 (First Italian Forest
Inventory, IFNI85), and to 105,000 in 2005 (Second Italian Forest Inventory, INFC05) and it
was estimated at about 110,000 km2 in 2015, with an increase of 20% in the last 30 years [24].

Land use land cover (LULC) change is reported by many authors as the single most
important driver of biodiversity and geodiversity loss. This problem also affects legally
protected areas where the objective of conservation should be carefully analyzed since
different management strategies and intervention may deeply affect the future ecosystem
services provision [25–27]. The precise implications of landscape transformation for species
and habitat conservation are not sufficiently known and are still being debated in the scien-
tific literature; changes in landscape composition and configuration due to management
abandonment, in fact, can affect biodiversity both positively and negatively [28,29].

Abandonment can provide a unique opportunity for the regeneration of native ecosys-
tems with a high nature value, such as native forests, and the reduced anthropogenic
pressure and forest restoration could favor several forest species in Europe [12,30].

On the other side, several studies describe how the progressive abandonment of
agricultural activities in these areas reduces landscape heterogeneity and has been often
accompanied by a biodiversity decline.

In Europe, where a high portion of species is dependent on the persistence of tra-
ditional rural landscapes, habitat loss caused by land-use change and abandonment of
traditional activities is considered one of the main threats to biodiversity by some authors.
In their study, Laiolo et al. refers to the detrimental effect on several grassland bird species
that are dependent upon grazed pastures [31]. As a consequence of landscape homogeniza-
tion, the extent of such ecotones has been greatly reduced in Central Europe. Although not
so much is known about the effects of ecotone loss on biodiversity in general, however, it
seems obvious that the numerous species specialized on these complex habitats—such as
the Ring Ouzel—may be negatively affected by the expansion of forests [32]. Recently es-
tablished forests remain different from ancient forests in terms of herbaceous plant species
composition even hundreds of years after re-establishment [33]. Tree encroachment usually
results in a simplification and homogenization of these landscapes [12], with a decrease
in landscape diversity and a reduction in mosaics complexity and in forest grassland eco-
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tones due to forest gap-filling processes [4,19,34]. Species well suited to semi-natural open
habitats may be negatively impacted by the expansion of forests [4,35]; also, a reduction in
ecological connectivity across open semi-natural habitats, such as meadows and pasture-
lands, can be expected [36]. Nevertheless, the disappearance of some forms of land use
linked to traditional activities determines a decrease in culturally important landscapes that
have become, over time, the identity and expression of the culture of the territory [18,37].

The cultural importance of traditional agriculture landscapes has been widely rec-
ognized in Europe and in the world. UNESCO world heritage provides a “cultural land-
scapes” category where sites of traditional or symbolical agricultural practices are inscribed.
Labeled “Globally Important Agricultural Heritage Systems” (GIAHS), The Food and Agri-
culture Organization (FAO) in 2002 launched the Globally Important Agricultural Heritage
Systems (GIAHS) program with the aim of identifying agricultural systems of global impor-
tance; preserving landscapes, agrobiodiversity and traditional knowledge, and applying
the dynamic conservation principles while promoting sustainable development [38,39].

Land use land cover (LULC) change is reported as the single most important driver
of biodiversity and geodiversity loss. This problem also affects legally protected areas.
The conservation focus (pre- or post-abandonment) in different regions is an important
factor influencing how scientists address the abandonment issue, and this may affect how
land-use policies are defined in agricultural landscapes [29].

In this perspective, it could be essential that these semi-natural landscapes are main-
tained for the successful long-term conservation of biodiversity. Conservation of biodiver-
sity cannot rely only on the preservation of intact refuges in protected areas, but it requires
a common perspective with agro-pastoral activities in a well-balanced way by applying a
landscape scale approach in conservation management [40].

The study aims at analyzing spatiotemporal changes in complex landscapes, occurred
during about 60 years in a study area of the Abruzzi, Lazio, and Molise National Park
focusing on the areas above 1300 m asl.

The study intends to quantitatively analyze the transformation dynamics of tree,
shrubs and grass cover influenced by different amounts of anthropogenic pressure, and to
identify the driving forces responsible for these dynamics. Another aim is also to determine
how the results can help produce appropriate guidelines for the land management in these
traditional landscapes which represent an important heritage, also from a cultural point
of view.

2. Materials and Methods
2.1. Study Area and Land Use Story

The Abruzzo, Lazio and Molise National Park (ALMNP) was established in 1922 and
has an extension of 500 km2 in addition to another 770 km2 of external protection areas
(ZPE). The bear, the wolf and the chamois are the animal species symbolizing the park,
but quite a number of species and habitats are also protected inside the park. Its elevation
ranges from 900 to 2200 m asl, the latitude is between 41◦36′ and 42◦00′ N and the longitude
between 13◦39′ and 14◦01′. The climate is maritime (dry season in the hot quarter) and in
the 4 measuring stations (Barrea 1000 m asl, Castel di Sangro 805 m asl, Pescasseroli 1150 m
asl, Scanno 1030 m asl) the annual rainfall is between 800 and 1150 mm/year; the climate
can be classified Cfb according to the classification of Köppen Geiger (Humid temperate
climate and average temperature of the hottest month below 22 ◦C). Sixty percent of the
park (about 30,000 ha) is covered by woods; the vegetation is dominated by broadleaf
species of the Mediterranean biomes whose 73% is represented by beech forest, mainly
high forest or coppice in conversion into high stem; over 30% is covered by high-mountain
grasslands together with meadows and clearings. The main Land Cover classes of the
ALMNP are summarized in Table 1.
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Table 1. Main current land cover class in the Abruzzo, Lazio e Molise National Park.

Cover Class CORINE LAND COVER
Code (Adapted) Incidence %

Artificial surfaces 1 0.5

Arable land 21 1.3

Permanent crops 22 0.0

Heterogeneous agricultural areas 24 4.2

Pastures 231 0.4

Turkey oak forests 311-1 3.1

Hop-hornbeam mixed forests 311-2 2.6

Beech forests 311-3 42.7

Broad-leaved forests Other forest species 311 7.9

Coniferous tree planting 312 2.1

Natural grassland and moors and heathland 32 23.9

Sparsely vegetated areas 333 11.1

Water bodies 5 0.2

A depopulation rate of 57% from 1921 to 2020 characterizes the demography of the
area against an increase of the Italian population of about 15% in the same century. In
the 25 municipalities of the ALMNP, the population counted 61,433 inhabitants in 1921,
54,344 in 1951, 31,640 in 1991 and, nowadays, 25,986 inhabitants. Since the human activities,
specifically pastoralism, have played a key role, in shaping and determining the landscape
structure in the ALMNP, it now represents an interesting area to highlight the effects of
abandonment. Furthermore, this territory has been affected for centuries by “transhumance”
through tracks named “Tratturi” that have increased for centuries the number of grazing
animals [41,42].

The selected study area (Figure 1) is the territory above 1300 m asl with a surface of
about 82.83 km2; 25.20 km2 of them fall in the integral reserve area (A zone according to
the Italian law), 53.62 km2 fall in the General reserve-oriented area (B zone according to
Italian law) and only 1.30 km2 in the zone of development and social promotion (D Zone).

The reasons behind the choice of the study area are the following: (i) a prior investi-
gation revealed an interesting land cover and land use change, with a relevant dynamics
of the open areas above 1800 m and a dynamics of the edge [43]; (ii) in the past the area
was interested by the “transhumance” that is recognized of great interest due to its im-
portant cultural legacy for agro-pastoral landscapes whose persistence is in crisis [44];
(iii) no similar landscape-change analysis has ever been carried out in this part of the
Apennines [45].

2.2. Land Cover Maps

Dynamics of land cover have been analyzed, comparing the land cover maps (LULC)
of 1954 and 2016. The adopted procedure is summarized in Figure 2. The aerial photographs
of 1954 (named GAI flight—Italian Aeronautic Group) are the first complete coverage of
the national territory; the flight was carried out in 1954–1956 with a scale approximatively
of 1:35,000 (planimetric accuracy in the order of 5–7 m and a resolution up to 0.5 m).
Eleven images of 1954 were used and interpreted, using the package Image Analysis of
ArcMap. The images were scanned with the Photogrammetric scanner of the IGMI (Italian
Geographic Military Institute) at 2400 dpi.
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Georeferencing and orthorectification of the images has been carried out using 13 Ground
Control Points (GCPs) for each frame extracted from Google Earth, and a DTM with ground
accuracy of 40 × 40 m. The georeferencing system used is the WGS84 associated with
the UTM projection. The study area is typically mountainous, and most of the support
points have been identified in correspondence of rock formations, road crossings and
buildings. Considering the absence of the fiduciary brands, a non-parametric model that
allows the correspondence between image coordinates and ground coordinates through
mathematical functions has been used [46]. It is a generalized model that does not require
a priori knowledge of the parameters of the acquisition platform and projection system;
therefore, it is widely applicable even with images without metadata [47].

The root mean squared error was <2 m. The coverage of the photos after the georefer-
encing and orthorectification procedure is shown in Figure 3.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 6 of 24 
 

 
Figure 2. Scheme of the methodology adopted for the analysis of the dynamics of land cover in the 
study area. 

Georeferencing and orthorectification of the images has been carried out using 13 
Ground Control Points (GCPs) for each frame extracted from Google Earth, and a DTM 
with ground accuracy of 40 × 40 m. The georeferencing system used is the WGS84 associ-
ated with the UTM projection. The study area is typically mountainous, and most of the 
support points have been identified in correspondence of rock formations, road crossings 
and buildings. Considering the absence of the fiduciary brands, a non-parametric model 
that allows the correspondence between image coordinates and ground coordinates 
through mathematical functions has been used [46]. It is a generalized model that does 
not require a priori knowledge of the parameters of the acquisition platform and projec-
tion system; therefore, it is widely applicable even with images without metadata [47]. 

The root mean squared error was <2 m. The coverage of the photos after the georef-
erencing and orthorectification procedure is shown in Figure 3. 

 
Figure 3. Coverage of the photos after orthorectification and georeferencing. Figure 3. Coverage of the photos after orthorectification and georeferencing.

The current land use map was derived by available images in year 2016 of the app
Google Earth Pro, obtained from aerial photos integrated with color ortophotos of 2007
and 2010. The interpretation was carried out according to the Italian Forestry Photo
interpretation manual [48].

2.3. Data Analysis

The Land Cover maps obtained through photointerpretation showed 20 classes
(Table 2, Figure A1) coded according to Corine Land Cover (CLC) up to the third level.
CLC nomenclature does not distinguish the texture and the crown cover density of the
forests and includes, for example, in the class 311 generically “deciduous and evergreen
broad-leaved tree species with >75% cover”. Nevertheless, a different degree of canopy
closure is important to understand and to describe the transition dynamics occurring; since,
through photointerpretation of the available images, it was possible to discriminate the
different crown cover density, in some cases a fourth digit (level) was introduced to describe
the texture of forest trees coverage.

A simplified LULC map has been obtained by merging the original CLC categories
into six larger groups, or macroclasses, which are representative of the main transforma-
tions observable in the detailed transition matrix: Artificial surfaces (AS), Arable lands
(AL), Grassland (GR), Forest (FO), Shrubs and herbaceous plants (SH) and Bare rock (BR)
(Figure 4).
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Table 2. Land cover classes for the study area in 2016.

CLC Code Land Cover Class

1 Artificial surface

21 Arable lands

311-a Structured deciduous forests

311-b Compact deciduous forests with fine texture

311-c Open deciduous forests with rare or none undergrowth

312-a Coniferous tree planting

312-b Closed coniferous forests

312-c Open coniferous forests

321-a Meadows of the sinkholes on red earth and nardus grasslands

321-b Mesophilic and xerophilic grasslands

321-c Grasslands with prostrate shrubs and scattered trees

321-d Grasslands with tall shrubs and scattered trees

322-a Prostrate shrubs

322-b Tall shrubs, arboreal-shrub colonization formations

324-a Sparse deciduous forests

324-b Very sparse broad-leaved forests with mainly herbaceous formations

324-c Very sparse broad-leaved forests with mainly shrub formations

324-dc Sparse coniferous forests

332 Bare rock

333 Sparsely vegetated areas
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The cross-tabulation matrix (transition matrix) was computed using overlay functions
in ArcGIS software to analyze Land Cover transitions. Analysis of gains, losses, persistence
and net change were carried out for the period: 1954–2016. The computed transition matrix
consists of rows that display categories at time 1 and columns that display categories



Appl. Sci. 2022, 12, 2474 8 of 22

at time 2. The diagonal elements indicate the proportion of the landscape that shows
persistence of the category, while elements off the diagonal indicate a transition from a
category to a different one. The land-cover changes (LULCC) for the 1954–2016 period have
been assessed both for the detailed LULC maps (Figure 5) and for the simplified LULC
maps (Table 3). The gains were calculated as the differences between the column totals
and persistence, while losses were calculated as the differences between the raw totals
and persistence. The total change has been calculated as the sum of gains and losses and
represents the total surface showing a variation in both directions; on the contrary, the net
change, calculated as the difference between gains and losses, represents the real variation
of each class. The net change does not consider the simultaneous increase and decrease
occurring for a land cover class; this phenomenon, defined as “swap” by some authors, can
be calculated as the difference between total change and net change. The propension of
land cover classes to transition were assessed by calculating the loss-to-persistence ratio
denoted by Lp and the gain-to-persistence ratio denoted by Gp. Higher tendency of land
cover transition to other categories that persist is expressed by values of Lp and Gp greater
than one [49]. The overall propension to change, Cp, was evaluated calculating the net
change to persistence ratio; it expresses the net increase or decrease of a class compared
with persistence, and higher values reflect an attitude to changes.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 9 of 24 
 

mans, particularly by technology. If we accept ‘‘natural’’ as being the antonym of “artifi-
cial”, the “naturalness” or the quality of being natural would express the level at which 
something occurs without artificial influence, a gradient ranking from the extreme of ab-
solutely natural to the opposite, absolutely artificial. This conceptual approach is not free 
from debate, affecting both the role of humans in the ecosystem, as well as the time span 
of its influence [50]. 

 

 
Figure 5. Percentage of variation of LULC classes in 1954–2016. 

Table 3. Transition matrix for macroclasses of land cover (Total change = Gains + Losses; Net change 
= Gains-Losses; Swap = Total Change-Net Change; Lp = Losses/Persistence; Gp = Gains/Persistence; 
Cp = Net Change/Persistence). 

2016 
1954 BR AL FO SH GR AS 

1954 
TOTAL LOSSES 

Total 
Change 

Net 
Change Swap Lp Gp 

Change 
Propens

ion 
BR 1.799 0.000 0.005 0.003 0.023 0.000 1.830 0.031 0.048 −0.014 0.034 0.017 0.009 0.000 
AL 0.000 0.000 0.275 0.066 1.802 0.017 2.160 2.160 2.160 −2.160 0.000 -- -- -- 
FO 0.004 0.000 37.199 0.146 0.269 0.030 37.647 0.448 6.118 5.222 0.896 0.012 0.152 0.002 
SH 0.000 0.000 0.732 1.476 0.126 0.001 2.334 0.858 2.797 1.081 1.717 0.582 1.314 0.019 
GR 0.013 0.000 4.652 1.723 32.258 0.078 38.724 6.467 8.692 −4.241 4.450 0.200 0.069 0.003 
AS 0.000 0.000 0.006 0.002 0.005 0.123 0.136 0.013 0.139 0.113 0.026 0.104 1.024 0.011 

2016 
TOTAL 

1.816 0.000 42.869 3.415 34.483 0.249 82.831 9.977 19.953      

GAINS 0.017 0.000 5.670 1.939 2.225 0.126 9.977        

 

The score has been attributed by an expert group; according to this order, LULC 
changes which occurred in an area between 1954 and 2016 can imply an increase or a 
reduction of naturalness. A diachronic analysis of NI values allows to obtain an evolution 
map of the renaturalization degree and allows the implementation of a raster map de-
scribing the trend of the rewilding (Renaturalization dynamic map, Figure 6). 

0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0

%

1954 2016

Figure 5. Percentage of variation of LULC classes in 1954–2016.

As a consequence of the abandonment of mountain areas and the decrease of anthropic
pressure, the restoration of natural uncultivated state is ongoing. In order to point out this
phenomenon, the LULC types have been ordered according to a degree of naturalness,
assigning a score ranging from 1 (low naturalness) to 16 (high naturalness) and a value of
17 to non-vegetated areas. (Table 4). According to this order, when an area has changed its
land use between 1954 and 2016, its score of naturalness (named Naturalization Index NI)
can be increased or reduced. In the context of conservation biology, the term “natural” is
used to define anything that has not been made or influenced by humans, particularly by
technology. If we accept “natural” as being the antonym of “artificial”, the “naturalness” or
the quality of being natural would express the level at which something occurs without
artificial influence, a gradient ranking from the extreme of absolutely natural to the opposite,
absolutely artificial. This conceptual approach is not free from debate, affecting both the
role of humans in the ecosystem, as well as the time span of its influence [50].
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Table 3. Transition matrix for macroclasses of land cover (Total change = Gains + Losses; Net change =
Gains-Losses; Swap = Total Change-Net Change; Lp = Losses/Persistence; Gp = Gains/Persistence;
Cp = Net Change/Persistence).

2016
1954 BR AL FO SH GR AS 1954

TOTAL LOSSES Total
Change

Net
Change Swap Lp Gp Change

Propension

BR 1.799 0.000 0.005 0.003 0.023 0.000 1.830 0.031 0.048 −0.014 0.034 0.017 0.009 0.000

AL 0.000 0.000 0.275 0.066 1.802 0.017 2.160 2.160 2.160 −2.160 0.000 – – –

FO 0.004 0.000 37.199 0.146 0.269 0.030 37.647 0.448 6.118 5.222 0.896 0.012 0.152 0.002

SH 0.000 0.000 0.732 1.476 0.126 0.001 2.334 0.858 2.797 1.081 1.717 0.582 1.314 0.019

GR 0.013 0.000 4.652 1.723 32.258 0.078 38.724 6.467 8.692 −4.241 4.450 0.200 0.069 0.003

AS 0.000 0.000 0.006 0.002 0.005 0.123 0.136 0.013 0.139 0.113 0.026 0.104 1.024 0.011

2016
TOTAL 1.816 0.000 42.869 3.415 34.483 0.249 82.831 9.977 19.953

GAINS 0.017 0.000 5.670 1.939 2.225 0.126 9.977

Table 4. Naturalness score of the different LULC classes.

Naturalness Cover Class

1 urban surface

2 arable lands

3 sparsely vegetated areas

4 meadows of the sinkholes on red earth and nardus grasslands

4 mesophilic and xerophilic grasslands

5 grasslands with prostrate shrubs and scattered trees

5 grasslands with tall shrubs and scattered trees

6 prostrate shrubs

6 tall shrubs, arboreal-shrub colonization formations

7 very sparse broad-leaved forests with mainly herbaceous formations

8 coniferous plants

9 sparse coniferous forests

10 open coniferous forests

11 closed coniferous forests

12 very sparse broad-leaved forests with mainly shrub formations

13 sparse deciduous forests

14 open deciduous forests with little or no undergrowth

15 compact deciduous forests with fine texture

16 structured deciduous forests

17 Bare rock

The score has been attributed by an expert group; according to this order, LULC
changes which occurred in an area between 1954 and 2016 can imply an increase or a reduc-
tion of naturalness. A diachronic analysis of NI values allows to obtain an evolution map
of the renaturalization degree and allows the implementation of a raster map describing
the trend of the rewilding (Renaturalization dynamic map, Figure 6).
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An analysis of the density of forest cover has been performed in order to highlight the
increase or the reduction of forest density and to identify the transition areas where the
closure of clearings is occurring (Figure 7, Clearings evolution map).
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3. Results

On the basis of the LULC maps obtained for the years 1954 and 2016 (see Appendix A,
Figure A1), the variation for each of the twenty LULC classes identified was calculated and
is summarized in Table A1 (see Appendix A) and shown in Figure 5.

In the study area covering 82.83 km2 above 1300 m asl, the reduction of the Xerophilic
mesophilic grassland is considerable (18%), although it remains the most widespread
LULC, covering about 30% of the whole area. A relevant increase in the class “Compact
deciduous forests with fine texture”, that has almost tripled its surface, is observed, and
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in 2016 they represented 24% of the study area. Additionally, high is the variation of
the class “Structured deciduous forests” which increases from 2% up to 11% of the total
area. A reduction of “open deciduous forest” can be observed, which now, overall, has
reached 11%, being equal to 22% of the study area in 1954. The marginal agricultural fields
cultivated with cereals or mountain legumes, which represented 2.6% of the surface in 1954,
have completely disappeared. The transition matrix among the 20 classes (see Appendix A,
Table A2) provides the direction of transformation which occurred and highlights the
intense and relevant process of the increase of the crown cover density.

In order to highlight the main trends of transformations, a transition matrix analyzing
the six macroclasses has been produced (Table 4).

The transition matrix of macroclasses highlights a relevant increase of Forests (Net
change of 5.22 km2) mainly to the detriment of Grassland and to a lesser extent of Shrubs;
also, the class Shrubs shows a net change of 1.08 km2, mainly deriving from a loss of
Grassland. A transition from Shrubs to Forest can be observed too, while the class Arable
land is almost totally turned into Grassland. Considering the Swap values, Grassland
are the most dynamic class with the highest surface subject to changes both in terms of
acquisition (essentially from Arable land) and in terms of substitution towards Shrubs and
Forests. Moreover, the class Shrub is strongly dynamic, showing a transition to Forests and
a contemporary noticeable acquisition from Grassland. Considering Lp, Gp and Cp, the
class Shrubs show the most relevant dynamic and show the greatest attitude to change and,
specifically, to increase its surface, being Gp > 1.

The rate of transitions, calculated simply as the ratio of the net change to the time
interval, points out a relevant annual average change for the classes Forests, Shrubs and
Grassland. The classes “Structured deciduous forests” and “Compact deciduous forests
with fine texture” show, respectively, an increase of the mean annual area of 12 and
19 ha y−1, that is lower than the values described in other studies carried on in the Apen-
nines [11] (Table A1). Analyzing the dynamics of forests’ structures, an evident trend to the
closure of forests is highlighted by an increase of compact structures and a decrease of open
and sparse formations. These results clearly show the reduction of the anthropic pressure,
the transition from Grassland and herbaceous formations towards Forest systems and the
triggering of an ecological succession. In order to describe the dynamics of renaturalization,
the difference between the NI scores of 1954 and the NI scores of 2016 on the basis of the
detailed LULC maps with 20 classes has been calculated as a raster map (Evolution of
naturalness map, Figure A2). The map represents, for each pixel, the extent of the process in
terms of the number of jumps in the hierarchical scale of naturalness. For example, a pixel
with a value of 6 must be interpreted as a transformation of the historical land use that has
6 steps forward in the 17-step staircase (e.g., a meadow that becomes very sparse wood). In
the map, negative values indicate a renaturalization process while positive ones denote the
opposite process. Starting from the “Evolution of naturalness” map, a synthesis map with
three classes showing increase, decrease or stationarity of the degree of naturalness, has
been derived. The dynamic of the Naturalization Index calculated and compared for the
two periods, confirms these findings, highlighting a diffuse renaturalization in these areas
(Figure 6).

As previously stated, the renaturalization processes determine an increase in trees
coverage and in the degree of canopy closure; hence, a focus on the dynamics of clearings
and on the transition from this important class of LULC has been carried out.

The total area of the clearings in 1954 amounted to 0.84 km2, while in 2016 the total
area of this class was reduced to 0.296 km2 (Table 5). Sixty-five percent of the initial area
evolved into other LULC types; the most significant transitions were towards the classes of
deciduous forests, both open and compact with fine texture. The clearings in a number of
335 in 1954 have undergone a decrease and the 198 remaining generally show a reduction
in size.
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Table 5. Trajectories of evolution of clearings in the period 1954–2016.

Land Cover Class Surface
(ha = km2 × 100) Surface (%)

Artificial surface 0.21 0.25

Structured deciduous forests 5.15 6.13

Compact deciduous forests with fine texture 16.00 19.05

Open deciduous forests with little or no undergrowth 19.66 23.41

Sparse deciduous forests 4.98 5.93

Very sparse broad-leaved forests with mainly herbaceous formations 1.67 1.99

Very sparse broad-leaved forests with mainly shrub formations 1.70 2.02

Closed coniferous forests 0.20 0.23

Open coniferous forests 0.58 0.69

Sparse coniferous forests 0.88 1.04

Prostrate shrubs 1.92 2.29

Tall shrubs, arboreal-shrub colonization formations 1.41 1.68

Persistent Clearings 2016 29.63 35.28

TOTAL Clearings 1954 83.98 100.00

4. Discussion

In the study area, the landscape has evolved so as to show a general advancement
of forests and a colonization of open areas by shrubs; at the same time a reduction of
grasslands can be observed. This dynamic confirms the previous results of other studies
on other Mediterranean mountains, although this study is focused on higher elevation
(>1300 m); it describes a decline of grasslands, shrublands and croplands in mountain
regions, and the reforestation process observed by other authors [11,12,37]. Focusing on
forests, the dynamism of their structure deducible from the transition matrix calculated
on the detailed LULC map is very interesting. Unlike other studies, the use of photoint-
erpretation, although very time-consuming, allows to analyze the degree of crown cover
density and to monitor the canopy closure processes that are ongoing. In addition to the
net increase in surfaces, the transition matrix highlights a gradual replacement of shrubs
and sparse woods by denser formations with an increase in the degree of the canopy
coverage. The rate of forest expansion, calculated for the two classes “Compact deciduous
forest” and “Structured deciduous forest” is lower than in other similar studies carried
out in the Apennines; furthermore, large areas of shrub are still observed. Further studies
and the analysis of intermediate periods are needed to determine the beginning of the
transition. Nevertheless, it would seem that the process of canopy closure is slower than
others described by other authors [12] and requires more than 25 years to be completed.

This behavior involves the dynamics of the clearings within the forests which have
reduced both in number and in size, in the period 1954–2016. As a consequence, a grad-
ual simplification of the landscape pattern is occurring and it determines a reduction of
heterogeneity and biodiversity.

The “Naturalization Index”, attributed by an expert group, highlighted an overall
reduction of the anthropic pressure as a consequence of natural processes triggered by
the cessation of grazing. The abandonment of the territory, of agricultural activities and
of pastoralism, in fact, promotes the renaturalization processes witnessed by the ongoing
transitions and by the contemporary loss of the traditional landscape shape.

The main driving forces for this phenomenon can be identified in the depopulation
and the subsequent cessation of traditional pastoral activities, together with the long-term
changes in forest management and harvesting, related to the rules and the management of
the protected area.
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Going back to 1954, the landscape was characterized by a more articulated mosaic
where the anthropic activity was also part of the system, while the present landscape
certainly appears less diversified and heterogeneous. In a few decades, the reduction
in human activity has led to a considerable modification of the landscape that has been
also altered by the recolonization of the arboreal and shrubby formations replacing the
open habitats.

The generalized process of woody encroachment is a controversial topic among ecolo-
gists, engineers, geographers and other scientists and the debate about the consequences
on biodiversity and ecosystem services of rewilding driven by land abandonment is still
ongoing. There is no clear consensus regarding the best way to improve the ecological
relationships and functioning within an ecosystem [51]. On the one hand, the abandonment
can provide a unique opportunity for regenerating native ecosystems with high nature
values, such as native forest, or restoration of natural grasslands; on the other hand, the
widespread abandonment of agricultural or pastoral practices in some areas increases
landscape homogenization, which leads to biodiversity declines [52]. Furthermore, the
proliferation of pioneer species and reduced functional diversity have the potential to
disrupt some trophic interactions and lead to a future biodiversity loss [53].

To this it must be added the loss of “cultural” diversity represented by the disappear-
ance of traditional landscapes that enclose the identity values of the territory and represent
an important legacy for local communities [54].

If a general consensus exists around the need for biodiversity conservation, broad-
ening the concept of diversity to encompass more than biological diversity, appears more
controversial. The difficulties in combining landscape diversity with cultural diversity,
probably lie in the differences in meaning of the word “landscape” in different tongues. It
implies differences linked to local customs, laws and social structures and also to memories
and beliefs [55–57].

The debate is heated around this issue involving ecologists, engineers, geographers
and other scientists. Some authors emphasize the importance of biological diversity [58],
while, according to other authors, equal importance must be given to the conservation
of the diversity of cultural landscapes [59,60]. According to some authors [61], places
inhabited by humans for millennia biodiversity and human activities have coevolved,
producing ecologically valuable cultural semi-natural landscapes that can be threatened
by depopulation.

These critical questions have not been definitively addressed to date, largely due to
the complexity of the ecological, geographical, social and economic factors that contribute
to management decisions regarding mountain areas [51].

The disappearance of low income activities, the difficulties associated with carrying
out these activities and in general, the change in socioeconomic conditions are at the base
of the abandonment and of the resulting landscape transformation.

These transformation trajectories are quite widespread in the mountain areas of
several EU countries and they do not seem to be arrested without specific policies and
interventions [62–64].

Forests have spread throughout the French Mediterranean hills and mountains which
have now become some of the most afforested regions in France. The eastern French
Pyrenees has recently been affected by dramatic land abandonment and various afforesta-
tion dynamics [65]).

The Urbión Mountains (Iberian Range, northern Spain) provides one of the clearest
examples in the Iberian Peninsula, where there was intense deforestation since the Neolithic
period to enlarge the area of subalpine summer grasslands. The recent reversal of this
situation in the last decades led to (i) a marked trend to dense forest, which resulted in an
average 200 m altitudinal advance, and (ii) the spatial contraction of shrublands, which
have been replaced by dense forest in the highest areas [66]. In Germany, the abandonment
of agriculture on marginal locations in favor of afforestation will considerably change the
appearance of highly diverse cultural landscapes [67] under the given economic constraints
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for farming and inadequate governance. The authors call for future studies aimed at
assessing the value added of maintaining agriculture on marginal land instead of forest;
the comparison of the potential beneficial or negative impacts on ecosystem service supply
and demand could help to evaluate thresholds for the share and intensity of agriculture
that considerably improve or deteriorate regulating and cultural ecosystem services as well
as biodiversity.

According to many authors, the maintenance of landscapes with high habitat diversity
needs agricultural policies specifically favoring a mosaic of arable land, grassland, and
fallow land habitats. Therefore, sufficiently endowed agri-environmental schemes offered
in Pillar Two of the CAP are highly important [68].

The possible solution to reverse the abandonment trend and favor the maintenance
of traditional activities and cultural landscapes seems to be the introduction of direct
payments or other incentivization schemes aimed at actively keeping the clearings open,
and at contrasting the advancement and closure of the forests with the reintroduction of
grazing [68–70].

The recognition of the differences between territories is fundamental to design policies
directed specifically at alleviating the problems associated with undesirable abandonment
where relevant, while addressing other objectives in other areas. The diverse nature of
farming and natural conditions throughout Europe requires a more territorial and spatial
approach to dealing with land abandonment to ensure that the rules governing agricultural
subsidies can reach the desired outcomes [63,71].

A crucial role can be played by Protected Areas, although often the management of
these areas is effective for the conservation of species and ecosystems, but not as effective
for stopping depopulation rates despite the development opportunities offered by tourism
activities. In Spain, for example, some socioeconomic funding programs have been put in
place nationally (Spanish government, 2005) and regionally (e.g., Government of Castilla y
Leon, 2017; Government of Galicia, 2018; Government of Cantabria, 2019). Such programs
can finance initiatives by public entities, businesses, individuals, or NGOs that are aimed
at promoting rural development and sustainable tourism, enhancing local services and
facilities and rehabilitating cultural heritage [72].

In the studied area, the presence of the SCI/SPA—Abruzzo National Park provides
a precise indication for the management of these areas. The presence of the habitat
6210—Semi-natural dry grasslands and scrubland facies on calcareous substrates (Festuco-
Brometalia) imposes different operational strategies, as stated in the Technical Report on
Natura 2000 of EC. Scrub invasion is considered to be an acute threat for this habitat because
it can result in an increase in soil nutrients and a decline of richness in grassland species.
It is not, therefore, advocated that scrub should be allowed to colonize at the expense of
existing semi-natural grassland of high nature conservation value.

In the SCI management plan, the main threat for this habitat is precisely identified in
the abandonment of pasture and the consequent advancement of the forest; the specific
interventions required for the maintenance of this habitat are exactly the reintroduction of
pasture. In this direction can be cited the LIFE-Project GRACE (GRAsslands Conservation
Efforts through usage) whose main objective is to promote the conservation of semi-natural
habitats by supporting their use; among the others goals, the project aims at the integration
of Green Public Procurement (GPP) in involving local territorial bodies in actions to enhance
grazing and in the conservation objectives of the N2000 network.

An active management of abandoned land requires planning and investment for the
maintenance of traditional activities; private landowner involvement and public support is
crucial for both funding and the long-term maintenance of benefits.

In the last decade, the Italian government has sought to reverse the depopulation
and marginalization of rural areas by promoting strategies for reducing hydrogeological
instability and triggering development. These measures are grouped under the overall
“Strategy for Internal Areas” that classifies each Italian municipality into one of the six
categories (from central to ultraperipheral) depending on the distance (in time) to basic
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services, including hospitals, regional railway stations, and schools [73]. The strategy
provides investments of over € 591 million and aims at slowing and reversing depopulation
of inner areas, improving essential services and guaranteeing local communities new
opportunities for life and development. In fact, the possibility of setting up new economic
activities and the creation of employment is closely related to the enhancement of the
qualitative and quantitative offer of essential services

5. Conclusions

The aim of this study is to describe the landscape changes which occurred in an area
situated above 1300 m asl of PNALM (Central Apennines, Italy), between 1954 and 2016 by
using past and recent aerial photos. Data on land use/land cover classes were analyzed by
means of transition matrix.

Overall, we observed a large change in landscape composition and configuration,
regarding about 50% of the investigated area, which denotes an intense evolutive trend
of this territory. The rate of the LULC change in the Apennines context, at an elevation
above 1300 m, seems to be not exactly in compliance with the results of the recent study [11]
that, in a comparison between the Alps and Apennines context, concluded that, “However,
the rate of forest expansion was faster in the Apennines for the larger occurrence at lower
elevations of old-fields recolonized by secondary forests. In the Alps, climate and land
use changes favored a widespread transition from unvegetated areas to forest at higher
elevations”.

All open habitats, such as grasslands, declined, while woodlands expanded through
spontaneous reforestation, at the expense of open lands. This finding confirms the general
trend of landscape changes, also observed at a larger scale in rural and mountain areas
in Italy and in other European countries [11,12,30,74]. In the studied area, the relative
proportion of LULC classes and the annual transition matrix showed that pastures and
open areas were replaced by woodlands, but the transition appears slower than the 25 years
described by other authors [12].

Rewilding, defined [30,75], as «the passive management of ecological succession with the
goal of reducing human control and restoring natural ecosystem processes» favors the expansion
of forests even if their structure is strongly influenced by previous management [76]. The
abandonment of pastures and traditional activities entails the loss of biodiversity, cultural
diversity and landscape heterogeneity, an important legacy for local communities.

“Landscape” means an area, as perceived by people, whose character is the result of the
action and interaction of natural and/or human factors (European Landscape Convention,
ELC); many traditional landscapes are man-shaped without any aesthetic or ecological
purpose. A number of policies, laws and, in some cases, financial tools addressed to the
conservation of biodiversity and, more in general, of natural heritage already exist. As
for the landscape, although the ELC is aimed at preserving landscape quality, specific
policies and financial intervention addressed towards rural landscape conservation are
lacking. These transformation trajectories do not seem to be arrested by actively keeping
the clearings open, and by contrasting the advancement and closure of the forests through
direct interventions or with the reintroduction of grazing.

From these considerations, three major questions arise: What can be done to cultural
landscapes that tend to be rapidly recovered with shrubs and forests? Is farmland and
grazing abandonment the best option for improving biodiversity and sustainability, and
for enhancing refaunation? Or is it preferable to actively manage the landscapes in order to
enhance their natural heterogeneity with the presence of light human activity [51]?

A further question arises about the role of the protected areas: must they pursue the
purposes of conservation of natural environments favoring the rewilding and renaturaliza-
tion, or must they protect also cultural values?

It must be kept in mind that only specific planned intervention or subsidies can allow
these typical landscapes to survive.



Appl. Sci. 2022, 12, 2474 16 of 22

In the present paper, the use of aerial photos and photointerpretation, although chal-
lenging and time-consuming, provide more detailed information than other methodologies
and also allow to identify the densification of the canopy coverage. Although the general
transformation processes are well known, a deep knowledge of the territory is essential for
a correct and effective allocation of financial resources. In this perspective, it is necessary
not only to identify the phenomenon, but also to carry out an accurate monitoring of the
territory; the present study can provide a contribution to understand and map the dynamics
that are occurring and to improve the management and planning in these areas which are
widely replicable to similar contexts.
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Table A1. Surfaces, variations and rate of variation for the identified classes of land use in the period 1954–2016.

CLC LAND COVER AREA 1954 (ha) AREA 2016
(ha) AREA 1954 (%) AREA 2016 (%) Variation (ha) Variation (%) Rate

1 Artificial surface 13.56 24.86 0.16 0.30 11.30 83.33 0.18

21 Arable lands 215.99 0.00 2.61 0.00 −215.99 −100.00 −3.48

311-a Structured deciduous forests 186.44 938.36 2.25 11.33 751.92 403.30 12.13

311-b Compact deciduous forests with fine texture 778.17 2015.00 9.39 24.33 1236.83 158.94 19.95

311-c Open deciduous forests with rare or none undergrowth 1802.82 924.91 21.76 11.17 −877.92 −48.70 −14.16

312-a Coniferous plantations 15.41 1.53 0.19 0.02 −13.88 −90.09 −0.22

312-b Closed coniferous forests 0.00 41.15 0.00 0.50 41.15 – 0.66

312-c Open coniferous forests 0.00 47.44 0.00 0.57 47.44 – 0.77

321-a Meadows of the sinkholes on red earth and nardus grasslands 203.85 213.89 2.46 2.58 10.04 4.92 0.16

321-b Mesophilic and xerophilic grasslands 3030.70 2467.48 36.59 29.79 −563.22 −18.58 −9.08

321-c Grasslands with prostrate shrubs and scattered trees 378.53 440.15 4.57 5.31 61.62 16.28 0.99

321-d Grasslands with tall shrubs and scattered trees 84.75 161.21 1.02 1.95 76.45 90.21 1.23

322-a Prostrate shrubs 152.27 279.70 1.84 3.38 127.43 83.68 2.06

322-b Tall shrubs, arboreal-shrub colonization formations 81.16 61.79 0.98 0.75 −19.37 −23.87 −0.31

324-a Sparse deciduous forests 605.32 187.11 7.31 2.26 −418.21 −69.09 −6.75

324-b Very sparse broad-leaved forests with mainly herbaceous formations 227.34 82.93 2.74 1.00 −144.41 −63.52 −2.33

324-c Very sparse broad-leaved forests with mainly shrub formations 149.21 35.71 1.80 0.43 −113.50 −76.07 −1.83

324-d Sparse coniferous forests 0.00 12.76 0.00 0.15 12.76 – 0.21

332 Bare rock 183.02 181.59 2.21 2.19 −1.43 −0.78 −0.02

333 Sparsely vegetated areas 174.60 165.59 2.11 2.00 −9.01 −5.16 –
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Table A2. Transition Matrix among the 20 classes of LULC.
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Artificial surfaces 12.29 0 0 0.09 0.36 0 0.07 0 0.19 0 0 0 0 0 0 0.04 0 0.51 0.01 0 13.56 1.27 13.85 11.31 11.31 2.54 0.1 1.02 1.13
Arable lands 1.68 0 0 0 137.43 7.09 35.63 0.07 6.48 1.24 0.01 2.24 1.72 2.99 2.12 4.2 10.63 1.26 1.13 0 215.99 215.99 215.99 −215.99 215.99 0 – – –
Sparsely vegetated
areas 0 0 157.26 0 1.2 0.94 4.38 0.94 0 0 0 0.38 0.32 1.65 0.07 1.35 3.69 1.16 1.02 0.23 174.6 17.34 25.72 −8.95 8.95 16.77 0.11 0.05 0.16

Meadows of the
doline on red earth
and nardus grasslands

1.02 0 0 186.18 4.4 1.78 0 2.9 0.7 0 0 0 0 0.24 0.03 1.26 2.56 2.1 0.68 0 203.85 17.67 45.34 10 10 35.34 0.09 0.15 0.24

Mesophilic and
xerophilic grasslands 6.64 0 4.48 26.29 2286.51 178.79 101.65 31.74 20.81 0.29 10.29 32.54 23.24 33.3 10 51.42 125.65 59.02 26.93 1.01 3030.7 744.19 924.87 −563.51 563.51 361.36 0.33 0.08 0.4

Grasslands with
prostrate shrubs and
scattered trees

0 0 0.08 0.25 11.74 236.9 3.55 105.31 2.32 0 0 0 0 0.71 4.5 1.35 6.05 2.78 0.91 0.09 378.53 141.63 349.95 66.69 66.69 283.26 0.6 0.88 1.48

Grasslands with tall
shrubs and scattered
trees

0.15 0 0.82 0.3 3.67 0.76 11.9 2.43 5.15 0 1.16 2.81 2.33 3.8 2.12 5.13 14.25 23.97 3.98 0.01 84.75 72.85 222.19 76.49 76.49 145.7 6.12 12.55 18.67

Prostrate shrubs 0.06 0 0.04 0.45 0.52 9.84 0 133.96 0.89 0 0 0 0 0.29 2.25 0.55 1.28 1.57 0.56 0 152.27 18.31 164.02 127.4 127.4 36.62 0.14 1.09 1.22
Tall shrubs.
arboreal-shrub
colonization
formations

0.06 0 0.04 0.07 0.63 0.29 0.69 0.63 12.11 0 0 0 0.22 0.2 0.53 0.85 5.06 55.62 4.16 0 81.16 69.05 118.72 −19.38 19.38 99.34 5.7 4.1 9.8

Coniferous plantation 0 0 0 0 0.02 0 0 0 0.11 0 0.17 4.28 10.83 0 0 0 0 0 0.01 0 15.42 15.42 16.95 −13.89 13.89 3.06 – – –
Sparse coniferous
forests 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.77 12.77 12.77 0 – – –

Open coniferous
forests 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47.43 47.43 47.43 0 – – –

Closed coniferous
forests 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41.15 41.15 41.15 0 – – –

Very sparse
broad-leaved forests
with mainly
herbaceous
formations

0.06 0 0.28 0.08 12.29 0.42 1.65 0.31 1.67 0 0.66 2.71 1 30.81 8.9 50.23 75.19 26.76 14.22 0 227.34 196.53 248.65 −144.42 144.42 104.23 6.38 1.69 8.07

Very sparse
broad-leaved forests
with mainly shrub
formations

0.07 0 0 0.09 1.45 1.45 0.28 0.53 0.12 0 0.23 0.69 0.75 1.22 1.56 5.83 27.1 97.39 11.48 0 149.21 147.65 181.7 −113.61 113.61 68.09 94.94 21.89 116.83

Sparse deciduous
forests 0.32 0 0.37 0.01 4.15 4.14 0.62 0.15 1.44 0 0.16 1.57 0.5 5.27 1.71 48.76 173.94 272.81 92.87 0.24 605.32 556.56 694.95 −418.16 418.16 276.79 11.41 2.84 14.25

Open deciduous
forests with rare or
none undergrowth

1.72 0 0.1 0.04 2.29 2.29 0.67 0.26 6.41 0 0.05 0.13 0.04 1.73 1.08 14 377.41 854.83 541.7 0.1 1802.82 1425.41 1972.98 −877.85 877.85 1095.13 3.78 1.45 5.23

Compact deciduous
forests with fine
texture

0.67 0 0 0 0.18 0.18 0.05 0.11 2.58 0 0.03 0.02 0.15 0.28 0.63 1.38 80.01 513.15 178.84 0.01 778.17 265.02 1767.06 1237.02 1237.02 530.04 0.52 2.93 3.44

Structured deciduous
forests 0.11 0 0.02 0 0.3 0.3 0.08 0.08 0.8 0 0 0.06 0.05 0.21 0.09 0.72 22.04 102.16 59.72 0 186.44 126.72 1005.21 751.78 751.78 253.43 2.12 14.71 16.83

Bare rock 0 0 2.16 0 0.05 0.05 0.02 0.25 0 0 0 0 0 0.24 0.02 0.09 0.1 0.09 0 179.91 183.02 3.11 4.81 −1.41 1.41 3.39 0.02 0.01 0.03
TOTAL 2016 24.87 0 165.65 213.85 2467.19 445.22 161.24 279.67 61.78 1.53 12.77 47.43 41.15 82.92 35.6 187.16 924.97 2015.19 938.22 181.61 8283.15
GAINS 12.58 0 8.38 27.67 180.68 208.32 149.34 145.71 49.67 1.53 12.77 47.43 41.15 52.12 34.04 138.4 547.57 1502.04 878.5 1.7
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