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Abstract: This study investigates the major land use change processes over the 1990–2008 period in
Abruzzo region (Central Italy) in relation to the characteristics of the soils and with particular regard
to their capability for agricultural purposes, in order to highlight their implications on agricultural
productivity. The relative changes in the agricultural incomes and land values were also estimated.
To this end, we proposed an inventory approach as a flexible and feasible way for monitoring land use
changes at multiple scales. As main outcomes, the shrinkage of agricultural lands and their internal
changes (intensification vs. extensification processes) were highlighted. The shrinkage of agricultural
lands was strictly related to: (a) reforestation process in mountain areas and less productive lands
after land abandonment; and (b) urbanization on plains and more productive lands. Although the
intensification process was demonstrated to have a positive effect on the overall regional agricultural
incomes, especially on high quality soils, this was not adequate to compensate the economic loss due
to the other land use changes, especially in marginal areas and low-to-medium quality soils. Finally,
the paper discusses the geographical pattern of land use change processes across the region, including
their interrelations and combined effects, and ultimately offers recommendations to decision-makers
addressing future sustainable development objectives from local to global scale.
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1. Introduction

Land Use Change (LUC) is one of the most relevant human-induced transformations of the Earth,
and strongly affects the ecological processes, undermines the biodiversity conservation and services
provision, and influences the soil quality [1–3]. As also suggested by the Global soil partnership [4] and
the European Union (EU) Thematic Strategy for Soil Protection (COM (2006) 231 [5]), the analysis of the
most relevant LUC processes, particularly causing degradation (e.g., erosion, organic matter decline,
and soil biodiversity loss), and having negative effects on soil capability [6], has a key role in orienting
the future policies (e.g., towards food security [7]). According to the duration of the effects on human
wellbeing, LUC processes may be distinguished into transient or irreversible ones, over medium or
long periods (e.g., urbanization [8]). For example, the urban expansion originates several long-term
environmental impacts, such as the reduction of croplands for food production [7], the biodiversity
loss [9], and the ecosystem services degradation [10,11]. The prediction and monitoring of such dynamics,
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and of the associated implications, is often problematic for decision-makers, land managers, and other
stakeholders at various scales [12]. This aspect is emphasized by the fact that LUC phenomena are
extremely variable depending on the location, and according to peculiar barriers and drivers [13].
For example, in Italy, several studies have demonstrated that the increase of both forest lands [14,15],
and artificial surfaces [16] is strictly dependent on land abandonment, especially in hilly and mountain
areas, and, more specifically, on the reduction of croplands and pastures [17]. In particular, the urban
growth is more relevant near the coastline [18] than in the uplands (e.g., National Parks’ areas [19]),
while the forest re-growth is more remarkable in hilly and mountain areas [20,21], and especially in
Central and Southern Italy [15]. These phenomena are particularly relevant in the Mediterranean
region, because the traditional human activities (e.g., silviculture, agriculture and livestock) shaped
the landscape and had a great influence on many ecological aspects, such as e.g., biodiversity [22].
Because of its irreversibility, the most critical LUC in Italy is represented by the urban growth. Urban
growth has a high impact in both environmental and economic terms [11,23] and it is mostly due to the
systematic lack or the obsolescence of town planning [18,24], which usually neglect concepts related
to the land use efficiency and the sustainable land management [25]. Similarly, land abandonment is
strictly connected to agriculture globalization and demographic trends and the following rewilding
processes represent a critical issue, being at the same time a new challenge and opportunity in terms
of land use policy and planning [26]). On the one hand, the natural revegetation represents a positive
opportunity in terms of mitigation strategies, due to the enhancement of potential carbon sinks [27].
On the other hand, the depopulation of rural areas and the abandonment of agro-pastoral practices
have several potential negative impacts from environmental, economic and social perspectives [21,28].
In land use planning, the choice between rewilding and active management should depend on the goals
and the local context. In fact, it depends on the economic sustainability of the management practice and
on the targets locally set in policy and planning according to the specific needs of the territory [29].

Accordingly, the choice of the geographical, ecological or administrative context in which the
LUC is analyzed, should be related to the aim of the survey, the phenomena we are interested in, and
the typology of policy or planning the data would support (in terms of both spatial scale and field
of application) [30]. For this reason, a deeper understanding and characterization of the localized
geographic LUC patterns, and of their possible effects on goods and services delivered is crucial for
sustainable land management [6,31]. In fact, there is an increasing need of multi-objective and multi-scale
approaches, which are demonstrated to provide accurate LUC estimates, while containing the costs
of realization and updating [32]. Even though the large-scale LUC assessment is suitable to describe
the general trends and support the relative strategies, it obscures crucial variations occurring at lower
scale [33], and influencing the local ecologic and social-economic aspects. With regards to the small-scale
LUC phenomena, two conditions should also be considered: (i) they have cumulative impacts affecting
the global change [34]; and (ii) they represent the spatial context at which the regional and sub-regional
scales policies are effectively implemented. At local scale, the LUC processes have additional effects on
soil properties (e.g., soil organic carbon in the tropics [35]), ecological assets (e.g., local biodiversity [36]),
and social-economic sustainability (e.g., changes in agricultural productivity [37]).

Although most of the available analyses on LUC dynamics refers to different administrative
(municipality, region, Country [38]), and ecological boundaries (e.g., Ecoregions [30,39]; for the altitude,
see, e.g., [40]), few studies have addressed so far the combination between LUC, soil properties
and land capability [41,42]. In addition, during the last decade, there has been a growing need to
provide land managers with more integrated approaches to consider the trade-offs among ecosystem
services, and other social-economic aspects [43], and more recently the soil [44]. Soil indeed provides
multiple functions such as food production, water and nutrients cycles regulation, and carbon sink.
This multi-functionality is strictly related to the concept of soil quality, which is defined to as “the capacity
of a soil to function, within ecosystem and land use boundaries, to sustain productivity, maintain
environmental quality, and promote plant and animal health” [45]. More specifically, a portion of
territory may be analyzed according to on the one hand, the morphological and pedoclimatic features
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(i.e., soil regions, [46]), and on the other hand, the related suitability for agricultural production [47,48].
The latter is often specifically used for the assessment of potential food provisioning [49]. In this way,
the combination of soil characteristics and the location where LUC processes occur is particularly
useful to understand e.g., where intensification (i.e., agriculture intensification and urbanization) and
extensification (i.e., land abandonment and forest re-growth) phenomena coexist and affect the landscape
integrity, the hydrogeological risk, and the plant and animal biodiversity [50–52]. More deeply, the
changes of agricultural lands in a certain territory can directly affect its current and future sustainability
by altering its potential capability to provide incomes for local communities [6]. A whole understanding
of such LUC-soil combination is very important in Europe, especially to limit the loss of croplands, as
well as the decreasing of the landscape capability to generate revenues for local communities in the next
future, especially in mountain areas (“decline circle” [26,53]). At the same time, a further understanding
of the relationship between LUC and soil can limit the loss of production in other areas of the globe
(e.g., “indirect LUC” [54]), thus avoiding serious ecological, social and political consequences [55]. Finally,
the linkages between soil and land management should be further analyzed in the next future [56,57].
This paper mainly aims at assessing LUC occurred during the 1990–2008 period at regional scale in the
Abruzzo region, Central Italy, with particular regard to the soil properties, in terms of both pedological
characteristics and land capability, and, as a consequence, their implications in terms of agricultural
revenues and related land values. In the first section, LUC is analyzed through an inventory approach
for the whole Abruzzo region over the 1990–2008 period, according to the soil regions and the land
capability classes. Then, the effect of LUC processes on the average incomes from agricultural lands is
evaluated, also with regards to soil characteristics and land capability. Finally, the major management
implications of combining LUC and soil properties are outlined.

2. Materials and Methods

2.1. Study Area

The study area is the Abruzzo region, Central Italy, and covers approximately 10,830 km2

(Figure 1a). Its elevation ranges between the sea level up to 2914 m a.s.l. (Corno Grande). The average
annual is 800 mm. The study area is dominated by forests, representing 42% of its total surface [58].
Due to the high variability of the environmental features, the area is representative of the most important
agricultural activities of the Mediterranean region, such as cereals in flat zones, horticulture and orchards
in the terraces, vineyards and olive groves on the summit of the marine terraces, and pastures on the
steep reliefs. During the last decades, the area has been interested by socio-economic transformations,
as well as in other marginal and inner areas in Europe. Particularly on the Apennines range the crisis
of the agricultural sector and the shifting from an agricultural to an industrial economy has led to the
abandonment of rural zones in the hilly and mountain areas and to the urbanization in the plains.
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2.2. Data Sources

2.2.1. The Italian Land Use Inventory (IUTI)

The Italian Land Use Inventory (IUTI) has been promoted by the Italian Ministry of Environment
and Protection of Land and Sea (MATTM), with the main aim of providing land use estimates at
different reference times, specifically 1990, 2000 and 2008, and their relative changes. IUTI is based
on a hierarchical classification system, with totally 2 levels and 8 land use classes, and consistent
with the Good Practice Guidance for Land Use, Land-Use Change and Forestry (GPG-LULUCF [59]),
as follows: Class 1, Woodlands (WO); Class 2.1, Arable lands and other herbaceous crops (AL);
Class 2.2, Permanent crops (PC); Class 3.1, Pastures and grasslands (GRA); Class 3.2, Other woodlands
(OWL); Class 4, Humid and water areas (WAT); Class 5, Settlements (URB); and Class 6, Other lands
(OTH) (see Corona et al. [60] for further details). IUTI is based on a Tessellation Stratified Sampling
(TSS) [61]. The Abruzzo region is covered by a network of 43,229 quadrats of 25 ha, and a random
point is located in each of them. Each sampling point was classified according to the IUTI classification
system through a visual photo-interpretation on digital colour aerial orthophotos at the three time
references (1990, 2000 and 2008).

2.2.2. The Soil Database and the Land Capability Classification

The Abruzzo regional soil database is composed by a layer of points containing the pedological
observations and a polygonal layer representing the soil map [62,63]. The map is organized in a
hierarchical system from the broadest scale of 1:5,000,000, linked with the European level, and the
national (1:500,000) and regional scale (1:250,000) and, respectively, the 3 classification levels are:
Soil Regions (SRs), Soil Systems (STs) Sub-systems (SSTs). In Abruzzo 3 SRs (Figure 1a), 29 STs and
102 SSTs were defined. Particularly, SRs refer to homogenous ecological land portions with similar
morphological, pedoclimatic and soil features [46]. SRs synthesize the main soilscapes in the study area
as follows [64]: (i) hills of central and southern Italy on Pliocene and Pleistocene marine deposits with
Cambisols, Regosols and Vertisols (24% of the total area; SR A); (ii) Apennine and anti-Apennines relieves
on sedimentary rocks of central and southern Italy with Cambisols, Regosols and Luvisols (26% of the
total area; SR B); and (iii) Apennine relieves on limestone and intra-mountain plains with Cambisols,
Leptosols and Luvisols [65] (50% of the total area; SR C).

Compared to Land Suitability that is crop specific, the Land Capability (LC) classification approach
is consolidated for planning purposes. It was originally developed by the Soil Conservation Service of
the USDA [47], and more recently implemented in Italy [66]. The LC classification is organized into
three hierarchical levels (class, subclass and unit), each of them representing soils having the same
degree of limitations for agricultural purposes, according to their stoniness, salinity, slope, workability,
etc. Taking into account these pedological features, when read inversely, the LC classification turns out
to be a valuable indicator of soil quality [67]. To facilitate the understanding of LUC, the existing 8 LC
classes were aggregated into 4 groups, as follows: Group 1 containing the I and II LC classes (soils
with the highest suitability for agricultural purposes, thus referable as high quality soils); Group 2
containing the III LC class (soils with medium suitability for agricultural purposes, thus referable as
medium quality soils); Group 3 containing the IV LC class (soils with several limitations for agricultural
purposes); and Group 4 containing the V to VIII LC classes (non-arable soils). These groups cover
approximately 5%, 43%, 25% and 27% of the total regional territory, respectively. This classification
system was then implemented into a regional LC map (Figure 1b), mainly based on soil quality and
environmental features [63], with a spatial resolution of 1:250,000.

2.2.3. The Agriculturally Homogenous District (AHD) and the Mean Agricultural Value (MAV)

Italy is partitioned by the National Statistical Institute into about 800 agriculturally homogeneous
districts (AHDs). Each AHD is obtained by the aggregation of a certain number of municipalities
(usually between 5 and 10), which are homogeneous for agricultural characteristics and topography [68].
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The Abruzzo region contains 34 AHDs. This classification system was established in order to both
acquire and aggregate statistical data on agriculture, with regards to the farms’ structure, the agricultural
incomes and the associated economic value. The latter is expressed as the so-called Mean Agricultural
Value (MAV), and obtained through the periodical agricultural census (approximately every 10 years).
The MAV is related to the average profitability of a specific crop in a particular AHD. Accordingly,
the MAV is strictly dependent on the AHD and the type of crops. MAVs are normally used for appraisal
of farmlands and are adopted as indicators of the variability of the agricultural economic values as well.

2.3. Data Analysis

LUC processes between 1990 and 2008 were analyzed in the whole region, and separately
for the sub-regional domains (soil regions and land capability units), with a transition matrix
(i.e., cross-tabulation matrix [69]). The main advantage concerns the possibility to analyze all the
changes occurred during a given time-span and not only the net changes. In fact, the transition
matrix identifies all the LUC flows and gives the possibility to highlight all gains and losses of
a certain land use class in comparison with the others, and vice-versa. Then, the different LUC
flows were aggregated in order to better detect the changes and facilitate the comparisons among
the different SRs and LC classes. The aggregation followed the approach proposed by the LEAC
classification system (Land and Ecosystems Accounts [70]). Starting from the original 64 possible
combinations in the transition matrix (8 classes in 1990 × 8 classes in 2008), the LUC flows were
aggregated into two hierarchical levels (Figure 2). Seven primary processes were identified, and 4 of
them (i.e., reforestation, intensification, extensification and urbanization) were in turn divided in 4,
for a total of 16 secondary processes. The secondary processes are hereinafter labeled with specific
acronyms representing both the land use class at 1990 and that at 2008 (i.e., AL-URB stays for transition
from AL to URB during the 1990–2008 period). Although the processes such as e.g., “deforestation”,
“reforestation” and “urbanization” are rather common and intuitively understandable, the term “forest
succession” refers to the changes occurred within the forest domain and includes those areas that
are characterized by secondary evolution (from other wooded lands—OWL to WO) or degradation
(from WO to OWL) processes. The transitions from and to WO and OWL were considered altogether,
and indicated to as “forests” (FO). In the proposed classification of the primary LUC processes,
the “intensification process” specifically regards the agricultural domain, because it implies a more
intense use of the land. The opposite is expected for the “extensification processes”. We identified and
characterized these processes considering the linkages between local habits and parameters such as
e.g., the mechanization, the use of chemicals and fertilizers, and the amount of capital investments
related to the different agricultural land uses.
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Figure 2. The aggregation of the 64 possible land use flows into the 16 secondary processes
(described by the land use classes acronym combination within the cells) and the 8 primary processes
(identified by different colors). WO (Woodlands); AL (Arable lands and other herbaceous crops);
PC (Permanent crops); GRA (Pastures and grasslands); OWL (Other woodlands); WAT (Humid and
water areas); URB (Settlements); OTH (Other lands).
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According to the methodology proposed by Fattorini et al. [61] for the TSS scheme, the IUTI
points were used to estimate the proportion of LUC processes from 1990 to 2008 (p), their surfaces
(â) and their relative standard errors (RSE) in the Abruzzo region, and within each of its SRs and LC
classes. From IUTI sampling protocol, we calculated for every territorial system (region, SRs, and
LC classes) the values of N, which represents the number of quadrats covering the study area, and
A, which represents the surface of these networks (see Table S1 in the Supplementary Materials for
their values).

The size of p is estimated as follow:
p = n/N

where p is the estimate of the portion of the area covered by the class or by the transformed territory
(n), with respect to the network size N. The area covered by the land use classes or by the specific LUC
(â) is given by:

â = A ∗ p

and its variance (V̂) is estimated as follows:

V̂ =
p(1 − p)

N − 1

From the variance estimator V̂, it is then possible to calculate the relative standard error estimator
(RSE), as follows:

RSE =

√
1 − p

p(N − 1)

To evaluate the economic impact of LUC at the expense of agricultural lands referred to every
AHD in the Abruzzo region, the MAVs were at first attributed to every IUTI point at both 1990 and
2008, and classified as AL, GRA and PC. A value of 0 was given to all the remaining land use classes,
which were considered as non-agricultural classes in this study. It is worth noting that these values
have a high variability depending on the AHDs where the IUTI points are located (see Table S2 in the
Supplementary Materials for their values among the different territorial systems). Then, for every IUTI
point, the difference (MAV90–08) between the MAVs at 2008 (MAV2008) and those at 1990 (MAV1990)
were calculated, as follows:

MAV90−08 = MAV2008 − MAV1990

This difference represents the gain or loss of the economic agricultural value, due to the LUC
occurred in the 1990−2008 period. Positive values of this difference means an increase of the
agricultural economic value for a given piece of land, while negative values correspond to a net decrease
of such value. In general, an increase of the agricultural economic value may be related to intensification
processes (i.e., transitions from pastures to vineyards), and its decrease to both extensification processes
(i.e., the transitions from vineyards to pastures), and transitions from agricultural land uses to others.
The single MAV90–08 values calculated for all IUTI points, were then aggregated for the whole region
and SRs in order to investigate how the gain or loss in economic value was distributed across the
regional territory. In order to emphasize the importance of the spatial scale, and the use of accurate
data, the same analysis was performed for the whole region without distinguishing the MAV for every
AHD, but using only 3 MAVs for the AL, GRA and PC. In our opinion, this type of simulation is
helpful to show the implications, in terms of under/over estimating certain phenomena, of using large
scale statistics (e.g., national, continental, global) at finer scale.
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3. Results

3.1. LUC Trend in the 1990–2008 Period

From 1990 to 2008, LUC occurred in 11.2% of the Abruzzo region (120,825 ha). This total regional
LUC was distributed among the different territorial systems as follows: 40%, 29% and 31% in SR A,
B and C, and 8%, 56%, 19% and 17% in I–II, III, I–V and V–VIII LC classes, respectively. The relative
coverage of the LUC with respect to the surface of the territorial systems decreased from SR A to
SR B and SR C (18.2%, 13.3% and 6.8%, respectively), and increased over the LC classes (from 21.6%
to 5.8% in I–II and V–VIII LC classes, respectively) (Table 1). The SR A was dominated by the
intensification processes, as well as the I–II and III LC classes, which represented 43%, 32% and 34% of
their total changes, respectively. The SR B and C, as well as the IV and V–VIII LC classes, were widely
dominated by the reforestation processes, which represented 43%, 63%, 56% and 69% of their total
changes, respectively.

At the regional scale, reforestation was the dominant LUC process (4.3% of the total regional
area), and mainly derived from the transitions from GRA to FO (2.7%). It is important to note that the
coverages in this paragraph are expressed in relative terms with respect to the total area of the specific
territorial systems. The intensification processes were more widespread (2.7%) than the extensification
ones (1.9%). The former was primarily related to the AL-PC transition, representing almost 90% of the
intensification processes, while the latter was primarily due to the AL-GRA transition, representing 88%
of the extensification process. The magnitude of the urbanization (1.2%) was also not negligible and it
mostly occurred at the expense of AL (77% of the total urbanization process). The reforestation process
was particularly relevant in the cases of SR B and C (5.8% and 4.3% of their total area, respectively),
and represented 68% of the total LUC occurred in the SR C from 1990 to 2008, generally at the expense
of AL. Forest expansion was highest in IV and V–VIII LC classes (5.6% and 4% of their total area,
respectively) and primarily occurred at the expense of GRA.

In the case of SR A, the intensification was the dominant LUC process (43% of the total changes
in the SR), and mainly occurred at the expense of AL (94% of the intensification process in SR A).
It represented almost 1/3 of the total changes in I–II and III LC classes, and it was not negligible
even in LC class IV, where it represented the second most recurrent transition (1.1% of the total
territorial system area). Although its low intensity, the extensification process followed almost the
same distribution as that of the intensification process across the different SRs and LC classes. However,
it is worth noting that in SR A and I–II LC class, the extensification process was mostly due to the PC-AL
transitions, whereas the AL-GRA transitions were dominant in the remaining territorial systems.

The urbanization was higher in SR A (2.7% of the total territorial system area) than in SR B and
SR C (0.7% for both), and it was preeminent in I–II LC class (6.1%). The forest succession process was
relatively abundant in SR B (1.6% of the total territorial system area) and LC IV (1.1%).

RSEs of these estimates vary from 2.3% to 41% for the reforestation and other LUC processes.
RSEs are always lower than 20% for the primary processes in all SRs, except for the other LUC processes
in SR A. A similar trend is registered for the four LC groups, where the RSEs have highest values for
the forest succession and deforestation processes, especially occurring in I–II and V–VIII LC classes.
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Table 1. Size estimates of the Land Use Change (LUC) processes that occurred from 1990 to 2008 in Abruzzo region and within the different territorial systems (SRs
and LC classes), expressed as relative coverage, pi (%) and surface, â (ha), with their RSEs (%) (in italic, the RSEs greater than 20%). * refer to LUC estimates greater
than 2%, while ** refer to those between 1% and 2%.

Abruzzo SR A SR B SR C LC I–II LC III LC IV LC V–VIII

pi
(%) â (ha) RSE

(%)
pi

(%) â (ha) RSE
(%)

pi
(%) â (ha) RSE

(%)
pi

(%) â (ha) RSE
(%)

pi
(%) â (ha) RSE

(%)
pi

(%) â (ha) RSE
(%)

pi
(%) â (ha) RSE

(%)
pi

(%) â (ha) RSE
(%)

PERSISTENCE 88.8 * 959,850 0.2 81.8 * 216,425 0.5 86.7 * 230,425 0.5 93.2 * 511,050 0.2 78.4 * 36,300 1.4 84.9 * 375,525 0.4 90.0 * 209,700 0.5 94.2 * 336,275 0.3

CHANGES 11.2 * 120,825 1.4 18.2 * 48,150 2.1 13.3 * 35,425 2.5 6.8 * 37,250 2.5 21.6 * 9975 4.5 15.1 * 67,050 1.8 10.0 * 23,225 3.1 5.8 * 20,575 3.4

REFORESTATION 4.3 * 46,200 2.3 2.7 * 7275 5.8 5.8 * 15,475 3.9 4.3 * 23,450 3.2 3.0 * 1375 13.4 3.9 * 17,400 3.7 5.6 * 12,975 4.3 4.0 * 14,450 4.1

AL-FO 1.2 ** 13,450 4.3 1.5 ** 4025 7.8 2.1 * 5575 6.6 0.7 3850 8.0 2.0 ** 925 16.4 1.7 ** 7475 5.8 1.6 ** 3700 8.2 0.4 1350 13.7

PC-FO 0.2 2575 9.9 0.5 1325 13.7 0.4 975 16.0 0.1 275 30.1 0.4 200 35.5 0.5 2025 11.1 0.1 275 30.3 0.0 75 58.0

GRA-FO 2.7 * 29,300 2.9 0.5 1400 13.3 3.3 * 8750 5.3 3.5 * 19,150 3.6 0.5 225 33.4 1.6 ** 7275 5.8 3.8 * 8850 5.2 3.6 * 12,950 4.3

Others REF 0.1 875 17.0 0.2 525 21.8 0.1 175 37.8 0.0 175 37.8 0.1 25 100.5 0.1 625 20.1 0.1 150 41.0 0.0 75 58.0

FOREST
SUCCESSION 0.9 9375 5.2 0.4 1050 15.4 1.6 ** 4325 7.5 0.7 4000 7.9 0.2 100 50.2 0.8 3675 8.3 1.1 ** 2475 10.1 0.9 3125 9.0

DEFORESTATION 0.2 2400 10.2 0.2 650 19.6 0.4 975 16.0 0.1 775 17.9 0.4 175 37.9 0.3 1350 13.7 0.2 500 22.4 0.1 375 25.9

INTENSIFICATION 2.7 * 29,525 2.9 7.8 * 20,550 3.4 2.4 * 6500 6.1 0.5 2475 10.0 6.8 * 3150 8.7 5.2 * 23,075 3.2 1.1 ** 2475 10.1 0.2 825 17.5

AL-PC 2.4 * 25,450 3.1 7.3 * 19,400 3.5 1.7 ** 4475 7.4 0.3 1575 12.6 6.2 * 2850 9.1 4.6 * 20,575 3.4 0.7 1600 12.5 0.1 425 24.4

GRA-PC 0.1 1325 13.8 0.1 325 27.7 0.3 725 18.5 0.1 275 30.1 0.1 50 71.0 0.2 750 18.3 0.2 350 26.8 0.0 175 38.0

GRA-AL 0.2 2700 9.7 0.3 800 17.7 0.5 1300 13.8 0.1 600 20.4 0.5 250 31.7 0.4 1725 12.1 0.2 500 22.4 0.1 225 33.5

Others INT 0.0 50 71.0 0.0 25 100.0 0.0 0 0.0 0.0 25 100.0 0.0 0 0.0 0.0 25 100.5 0.0 25 100.5 0.0 0 0.0

EXTENSIFICATION 1.9 ** 20,500 3.5 4.3 * 11,275 4.6 2.4 * 6325 6.2 0.5 2900 9.3 5.1 * 2350 10.1 3.3 * 14,600 4.1 1.0 ** 2275 10.5 0.4 1275 14.0

AL-GRA 1.1 ** 12,200 4.5 1.8 ** 4875 7.1 2.0 ** 5225 6.9 0.4 2100 10.9 2.3 * 1050 15.3 1.9 ** 8475 5.4 0.7 1675 12.2 0.3 1000 15.9

PC-GRA 0.1 1200 14.5 0.4 950 16.2 0.1 200 35.3 0.0 50 70.7 0.3 125 44.9 0.2 975 16.1 0.0 75 58.0 0.0 25 100.5

PC-AL 0.6 6700 6.1 2.0 * 5325 6.8 0.3 825 17.4 0.1 550 21.3 2.5 1150 14.7 1.1 ** 5025 7.1 0.2 425 24.4 0.0 100 50.2

Others EXT 0.0 400 25.1 0.0 125 44.7 0.0 75 57.7 0.0 200 35.3 0.1 25 100.5 0.0 125 44.9 0.0 100 50.2 0.0 150 41.0

URBANIZATION 1.2 ** 12,675 4.4 2.7 * 7200 5.8 0.7 1825 11.7 0.7 3650 8.2 6.1 * 2800 9.2 1.5 ** 6825 6.0 1.1 ** 2525 9.9 0.1 525 21.9

AL-URB 0.8 8875 5.3 2.0 ** 5225 6.9 0.5 1250 14.1 0.4 2400 10.2 4.8 * 2200 10.5 1.1 ** 4675 7.3 0.7 1725 12.1 0.1 275 30.3

PC-URB 0.1 1500 13.0 0.5 1225 14.3 0.1 250 31.6 0.0 25 100.0 0.9 425 24.3 0.2 1050 15.5 0.0 25 100.5 0.0 0 0.0

GRA-URB 0.1 1400 13.4 0.2 450 23.6 0.1 175 37.8 0.1 775 17.9 0.3 125 44.9 0.2 675 19.3 0.2 500 22.4 0.0 100 50.2

Others URB 0.1 900 16.7 0.1 300 28.9 0.1 150 40.8 0.1 450 23.6 0.1 50 71.0 0.1 425 24.4 0.1 275 30.3 0.0 150 41.0

OTHERS LUC 0.0 150 41.0 0.1 150 40.8 0.0 0 0.0 0.0 0 0.0 0.1 25 100.5 0.0 125 44.9 0.0 0 0.0 0.0 0 0.0
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3.2. LUC Effects on the Agricultural Economics

In the 1990–2008 period, LUC in Abruzzo region caused an overall economic loss (MAV reduction
over the 1990–2008 period) in the agricultural sector of approximately 406 M € (Table 2). Almost 48%
of this economic loss was found in SR C, then in SR A and SR B (28% and 24% of the total economic
loss, respectively). The net economic loss was originated by the negative MAVs’ change related
to reforestation, extensification, urbanization and other LUC processes, in conjunction with the
positive MAVs’ change from intensification and deforestation processes. Considering the focus on the
agricultural sector, the forest succession processes (OWL-WO and WO-OWL) were not considered in
the evaluation of the change in the agricultural economic value.

The major economic loss was related to the reforestation process (374 M €), and particularly to the
GRA-FO transition in SR C (45% of the total economic loss due to the reforestation process), and to the
AL-FO transition in SR A and SR B (13% and 14% of the total economic loss due to the reforestation
process, respectively). The extensification process had a negative impact of 165 M € in Abruzzo region,
especially in SR A and SR B, and a positive effect in SR C. In fact, although the PC-AL transition had
always a negative impact in all the SRs, it resulted in an economic gain, especially for the AL-GRA
transition in SR C (7.4 M €). The urbanization process had always a negative impact on MAV, and the
associated total economic loss at regional scale (157 M €) was largely attributable to the urbanization
process in SR A (67% of the total economic loss due to urbanization) at the expense of AL (76 M €).

The intensification process had a positive influence on MAV (approximately 269 M € for the
whole region), particularly due to the AL-PC transition (86% of the total economic gain due to the
intensification process) in SR A (163 M €).

The mean economic loss (MAV ha−1) in Abruzzo was 3362 €·ha−1, with the highest value in
SR C (5291 €·ha−1). The highest losses for the whole region were 24,543, 19,512 and 20,022 €·ha−1

for the PC-URB, PC-GRA and PC-FO transitions, respectively. As a primary process, urbanization
originated the highest unitary economic loss (12,418 €·ha−1), especially in SR A and SR B
(14,698 and 14,588 €·ha−1, respectively). On the other hand, the highest economic gain correlated
with the deforestation process (9814 €·ha−1), and probably referred to the creation of new agricultural
lands. It is also worth noting that the intensification process had the highest unitary economic gain in
SR B (12,558 €·ha−1).

Finally, using the average of all MAVs in the region for the different agricultural land use classes
(without differentiation by AHDs), instead than using their distinct values, the overall economic loss
was approximately 215 M €. This result represents an underestimation of the total economic loss of
approximately 47% in comparison with the value obtained by differentiating the MAVs for every AHD.
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Table 2. Economic effects of the LUC from 1990 to 2008 in Abruzzo region and in the three SRs expressed as change in the MAV (Mean Agricultural Value), both in
absolute (€) and relative (€·ha−1) terms. * refer to LUC with a RSE greater than 20%.

MAV (€) MAV (€·ha−1)

Abruzzo SR A SR B SR C Abruzzo SR A SR B SR C

PERSISTENCE 0 0 0 0 0 0 0 0
CHANGES −406,176,750 −113,565,825 −95,537,550 −197,073,375 −3362 −2359 −2697 −5291
REFORESTATION −374,129,600 −74,818,600 −108,136,700 −191,174,300 −8098 −10,284 −6988 −8152
AL-FO −119,245,075 −46,922,625 −53,397,125 −18,925,325 −8866 −11,658 −9578 −4916
PC-FO −51,557,825 −24,053,475 −24,295,250 −3,209,100 * −20,022 −18,154 −24,918 −11,669 *
GRA-FO −203,326,700 −3,842,500 −30,444,325 −169,039,875 −6939 −2745 −3479 −8827
Others REF 0 * 0 * 0 * 0 * 0 * 0 * 0 * 0 *
FOREST
SUCCESSION 0 0 0 0 0 0 0 0

DEFORESTATION 23,552,400 8,276,950 9,159,625 6,115,825 9814 12,734 9394 7891
INTENSIFICATION 268,597,600 181,212,325 81,624,375 5,760,900 9097 8818 12,558 2328
AL-PC 232,115,000 163,536,200 61,208,625 7,370,175 9120 8430 13,678 4679
GRA-PC 21,432,500 8,674,625 * 12,197,625 560,250 * 16,175 26,691 * 16,824 2037 *
GRA-AL 14,261,225 9,001,500 7,688,000 −2,428,275 * 5282 11,252 5914 −4047 *
Others INT 788,875 * 0 * 530,125 258,750 * 15,778 * 0 * 0 0 *
EXTENSIFICATION −165,341,200 −121,258,125 −51,262,225 7,179,150 −8065 −10,755 −8105 2476
AL-GRA −79,382,200 −55,886,625 −29,930,425 6,434,850 −6507 −11,464 −5728 3064
PC-GRA −23,414,625 −16,229,750 −7,230,875 * 46,000 * −19,512 −17,084 −36,154 * 920 *
PC-AL −64,966,975 −49,406,750 −14,483,750 −1,076,475 −9697 −9278 −17,556 −1957 *
Others EXT 2,422,600 * 265,000 * 382,825 * 1,774,775 * 6057 * 2120 * 5104 * 8874 *
URBANIZATION −157,400,825 −105,822,750 −26,623,125 −24,954,950 −12,418 −14,698 −14,588 −6837
AL-URB −112,465,900 −75,785,375 −19,140,125 −17,540,400 −12,672 −14,504 −15,312 −7309
PC-URB −36,814,975 −29,176,125 −6,459,000 * −1,179,850 * −24,543 −23,817 −25,836 * −47,194 *
GRA-URB −8,119,950 −861,250 * −1,024,000 * −6,234,700 −5800 −1914 * −5851 * −8045
Others URB 0 * 0 * 0 * 0 * 0 * 0 * 0 * 0 *
OTHERS LUC −1,455,125 −1,155,625 −299,500 0 −9701 −7704 0 0
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4. Discussion

The results highlight that LUC processes in Abruzzo region mainly referred to (see Table 1): (i) the
shrinkage of agricultural lands, due to both reforestation and urbanization processes; and (ii) the
intensification/extensification of agricultural activities (changes in the intensity of the agricultural
uses). Moreover, the results show that at regional scale, the main LUC processes were distributed
among SRs and LC classes according to different spatial gradients, thus demonstrating the linkage
between LUC processes, the soil characteristics (e.g., pedoclimate, geology, morphology, and soil type),
and productivity. The main LUC processes are further analyzed in the next section.

4.1. Shrinkage of the Agricultural Lands

The shrinkage of the agricultural lands concerned almost 58,000 ha in Abruzzo region, and
represented more than half of the total LUC in the 1990–2008 period. It is important to consider that the
loss of agricultural lands was largely distributed in the Abruzzo region, according to SRs and LC classes.
In fact, this process may be correlated to: (i) the abandonment of agricultural practices and consequent
reforestation process in mountain and high-hilly, and less productive areas, i.e., SR B and C, and LC III,
IV and V–VIII; and (ii) the urban growth along the coasts, and in lowlands and more productive areas,
i.e., SR A, and LC I–II (see Figure 3). The reforestation represents one of the most relevant LUC process
in the Abruzzo region during the 1990–2008 period, especially considering the implications due to
the contractions of agricultural lands, and the lowering of related incomes. These results confirm the
trends outlined in the Mediterranean region since 1950s [71]. Furthermore, it is worth highlighting
that the relative incidence of the reforestation process (with respect to their respective total surfaces),
was higher in SR B (5.8%) than in SR C (4.2%), thus reflecting the so-called “mountain effect”, which
is already described for Southern French Alps [40] and Apennines, since the transhumance period is
finished [15]. The “mountain effect” implies that there is less farm abandonment, and agricultural lands
loss, in higher compared to medium mountains. In particular, the expansion of forests may derive from
the depopulation of inland areas during the last decades, which in turn originated a sensible reduction
of grasslands at higher elevations [14]. This aspect is connected with a widespread loss of economic
incomes at regional scale and mainly it is associated with the loss of grasslands (GRA-FO transition) in
less productive areas (SR B and C; see Table 1), as also demonstrated by Bucala [72]. Taking into account
that semi-natural grasslands are considered biodiversity-rich ecosystems, their loss and degradation
may compromise the long-term availability of other goods and services, such as forage production,
soil carbon storage, aesthetic values, etc. [73]. Moreover, in high-hilly and mountain areas of Abruzzo
region (SR B and C), the presence of large Protected Areas (e.g., three National Parks) has probably
limited the urban growth and the intensification of agricultural practices [19,28,73]. In addition, several
authors argued that the progressive abandonment of the transhumance practices in Abruzzo region
led to a reforestation over grasslands and pastures in hilly and mountainous areas [74,75]. The loss of
grasslands in mountain areas also threats the biodiversity conservation (e.g., High Conservation Value
Farmlands [76]) and the so-called “relational value” [77]. The relational value refers to the non-material
benefits derived through human-ecosystem interactions. With particular regard to mountain contexts
the relational value seems to be helpful to highlight the cultural value of certain agricultural practices
as well as to “link and enliven intrinsic and instrumental considerations” related to the sustainable
management and use of natural resources [77]. The results showing urban growth on more productive
lands are consistent with the trends that have occurred during the last decades, especially in flat
zones and along the coastline of Italy [18]. The urban expansion has several implications other than
the loss of the provisioning service, such as the land degradation processes due to soil sealing: the
definite loss of agricultural lands over the medium-long period (Northern Italy [67]). This aspect
is even more important looking at the relative change with respect to the total LC class’ surface
(Figure 3). The highest relative change occurred in the I–II LC class (8%), and was mainly due to
urbanization. If this trend will continue, the productive capacity of this territory will be strongly
undermined. The overall not reversible economic loss generated by the shrinkage of agricultural
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lands due to urbanization is 157 of approximately 530 M €, and relatively higher in SR A, due to the
high profitability of arable lands converted into urban areas. At the same time, the highest absolute
economic loss of 216 M € in SR C may seriously undermine the livelihood and wellbeing of current
and future local communities. The net overall economic loss of agricultural lands from 1990 to 2008
(406 M €) represents about 1.4% of the Gross Domestic Product (GDP) of the Abruzzo region at
2008 [78].
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4.2. Changes in intensity of Agricultural Uses

Internal changes in agricultural lands (intensification and extensification) represent 41% of
the total LUC in Abruzzo region, and are demonstrated to have important economic impacts,
especially considering that they were concentrated in the most productive areas (SR A and LC I–II)
(see Figures 4 and 5). The shifting from crop productions to more specialized and profitable ones, such
as vineyards and olive groves, represented the most important intensification dynamic (see AL-PC
transition in Table 1). This phenomenon was also found in other Mediterranean contexts (e.g., vineyards
conversion in Spain [79]). Results show that the intensification process increased the agricultural
revenues in the whole region, particularly in SR A (see Figure 4), due to the co-occurrence of several
positive factors, not only related to the suitable soil characteristics, but also to irrigation facilities and
the proximity to large urban areas (short distribution chains). The polarization of the intensification and
extensification processes is well visible by analyzing their ratio (Int/Ext ratio), which turned out to be >1
if the intensification was greater than extensification, and <1 in the opposite case. While the prevalence
of the intensification process was clear in SR A (Figure 4) and in high-to-medium quality soils (Figure 5),
this was less emphasized in SR B and medium-to-low quality soils, where the two processes were
almost equal. On the contrary, the extensification process, mostly due to grasslands expansion
(AL-GRA), was prevalent in SR C and in the less capable soil units, where the Int/Ext ratio results <1.
The net MAV change due to agricultural intensification/extensification was positive for all the SRs,
even though with different magnitudes (decreasing values from SR A to C, Figure 4).

The mean economic gain related to the intensification process results higher in SR B in comparison
with SR A (Table 2). This is because, even though the productivity of mainly orchards and vineyards
(PC), and the associated economic values, are rather similar in the SR B and the SR A, the productivity of
the arable lands in SR B is lower than in SR A. Consequently, the economic gain due to the specialization
of the agricultural uses was more emphasized in SR B and C (see Figure 4). This demonstrates that
although the intensification process generally induces increased economic values in agriculture,
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its effects depend on the climate and pedological, as well as on socio-economic, features. Conversely,
the extensification process originated high unitary economic loss in SR A, mainly due to the high
profitability of the most specialized crops and, as a consequence, to the greater difference in economic
terms with the other agricultural uses, such as e.g., grasslands. In general terms, and other than
the pure economic aspects, the agricultural intensification is also of particular concern because it
co-occurred where urban areas expanded, e.g. flat zones and high quality soils (Figures 4 and 5), and
may also be linked to land degradation dynamics [67,80]. Accordingly, this cumulative effect should
be seriously considered for the future implementation of sustainable land management strategies [6].
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Figure 4. The change in the Mean Agricultural Value (MAV) related to intensification and extensification
processes (∆MAV Int and ∆MAV Ext, respectively) and their net balance (∆MAV Tot) (in million €)
in Abruzzo and in the three SRs. The dark line on the secondary axes represents their respective
Intensification/Extensification ratio.
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secondary axes represents their respective Intensification/Extensification ratio.
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4.3. Combined LUC effects: management and economic implications

The results generally describe a spatial LUC pattern in Abruzzo region during the 1990–2008
period, which in turn produced several implications, especially on the economic incomes from the
agricultural sector. The major loss of agricultural revenues was primarily found in less productive, and
then in more productive areas of the region (SR C and A, respectively) (Figure 6). In addition, the land
abandonment due to out-migration has a high social impact, because it determines a further isolation
of the communities living in such marginal territories. This in turn causes population ageing and a
loss of traditional knowledge on land management [6]. From an ecological point of view, the land
abandonment has both positive and negative impacts. On the one hand, it generally contributes to soils
stabilization and carbon sequestration [81,82]. On the other hand, the abandonment of agricultural
and forestry practices, and in turn the forest expansion, may oversimplify the landscape and reduce
the ecosystem adaptation to increasing disturbances, such as climate-derived effects (e.g., landslides,
wildfires) [83]. Furthermore, the economic losses due to urban expansion in high-quality soils are
considered definitive and seriously undermine the agricultural sector, as well as its competitiveness
with other markets. Moreover, both urban growth and intensification turn out to be strictly dependent
on depopulation in marginal areas with fewer economic activities [38,84]. This emphasizes the need to
further understand the strict correlation between different LUC processes and their distribution on
different soilscapes [85] across the territory, in order to monitor over space and time their interconnected
social, ecological and economic characteristics. Understanding the implications of LUC processes on
the ecosystem services flows, and in turn on the economic gains and losses, is important for supporting
future policy and planning [86]. This may be achieved by integrating the ecosystem services trade-offs
with LUC analysis, thus helping the decision-makers and other relevant stakeholders in identifying
specific areas for land use allocation, and, as a consequence, reducing the possible economic losses
derived by certain LUC processes, such as e.g., reforestation, agricultural intensification or urbanization.
In particular, the economic losses due to the LUC-derived reduction of the conservation of species
and habitats (i.e., biodiversity) or other non-marketed services (climate change mitigation, tourism
and recreation, etc.) should be compensated in other landscape portions. For example, Payments
for Ecosystem Services (PES) or other compensation/offset mechanisms may be effectively adopted
to reduce the impact of certain LUC processes on local economies and balance conservation with
more productive strategies in land use planning [87]. In particular, the establishment of specific policy
measures and economic incentives (Common Agricultural Policy in EU) to re-establish an integrated
management of arable lands, grasslands and new formation forests, may reduce the economic losses
due to reforestation processes, and further balance biodiversity conservation, climate change mitigation,
and food and energy production, especially in mountain areas. The combination of spatial trade-offs
analysis and land use management recommendations has been already tested in other Mediterranean
contexts (e.g., the Doñana National Park in Spain [88]).

According to Figure 6, the development of the agricultural sector in Abruzzo region seems to be
compromised in the future. In fact, considering the localization and pedological characteristics of the
LUC processes, the compensation effects are unbalanced between the mountain and less productive
areas (SR C), and the hilly and lowland ones (SR B and A), thus resulting in higher total economic loss
(Figure 6). This negative pattern may be a consequence of the past occurrences of social-economic
factors such as the industrialization and the out-migration of the rural communities and the scarce
effectiveness of the land use-related policy instruments [89], which have been so far implemented in
the Abruzzo region. Hence, much more efforts are required in order to both limit LUC over the region
(particularly the irreversible processes in most productive soils and the reversible ones in already
marginal areas), and guarantee a more sustainable use of lands through both time and space. This could
be the case of trying to compensate the net economic losses in most favorable areas for agricultural
purposes by stimulating, through economic incentives, road developments, brand management, etc.,
the net economic gain in other areas of the region. With specific regard to the urban growth, the re-use
of artificial areas should be promoted [7].
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5. Conclusions

This study highlighted the main implications of the combination between LUC processes,
soil properties, and land productivity on agricultural revenues at regional scale. Considering the
methodology, the use of the proposed inventory (i.e., IUTI) instead of low spatial resolution mapping
(such as Corine Land Cover) approach, was proven to be effective to detect at relatively small cost
and with high statistical accuracy, detailed LUC dynamics occurring at a lower scale, such as the
reforestation gradient and the polarization of agricultural land losses. Although the adopted approach
gave insights about the combined LUC-soil processes, further analyses are needed to unravel the
underlining causes and effects of the linkages between LUC heterogeneity, soil properties (e.g., climate
and pedoclimate, geology), land suitability (e.g., soil fertility), and economic incomes in agriculture.
Moreover, the proposed approach seems to be suitable to deeply understand on the one hand, the
magnitude of the LUC processes on the agricultural sector in monetary terms, and on the other hand,
to detect in a spatially-explicit way those LUC processes that cause irreversible/reversible impacts
on agricultural revenues. Understanding the combined LUC-soil effects on agricultural economics,
and more in general on rural development, is extremely important to implement the sustainable
land management principles towards e.g., food security. If correlated with scenario-based analysis,
the proposed approach may be used by decision-makers in similar contexts (e.g., affected by irreversible
LUC phenomena), specifically to prioritize policies and economic measures towards e.g., promoting
agricultural uses in less favorable soils or limiting the urban growth in lowlands and coastal areas.
Hence, this study offers a multi-scale and replicable support to assess and monitor both local LUC
dynamics, in particular involving agricultural lands, and local policies, and handle them according to
the implications of global unsustainable changes. Current perspectives are the extension to the entire
country and the deep analysis of soil subsystems.

In particular, since Mediterranean agriculture is mainly driven by CAP (Common agricultural
policy), this approach will be effective to understand the economic trends of rural lands, extremely
important for marginal and inner areas especially for traditional landscape conservation, as from
European Landscape Convention [90].

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/9/1/78/s1. Table S1.
Values of the parameters N and A per each territorial system analyzed (the whole Abruzzo region, the 3 SRs and
the 4 LC classes). Table S2. MAVs for the different SRs and agricultural land uses (Mean and CV %).
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