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Abstract: Landscape is increasingly characterized by a multifaced nature. In scientific literature and
landscape governance, new landscape definitions are often coined to explain new meanings and
to define specific intervention strategies and tools. The present study purposes a framework for
the identification of hybrid landscapes as support for land-use planners, which aim to guarantee
development opportunities as well as natural heritage preservation and valorization. “Marginal
lands” were identified starting from EU Directives and scientific approaches, by means of multicriteria
analysis. Different scenarios were built: (1) no-change; (2) energy crops; (3) green infrastructures.
An ecosystem services approach, via landscape metrics analysis, was used to compare the possible
effects of scenarios. About 20% of the study area, an internal area of the southern Apennines,
was identified as suitable for land-use change in a medium-short time, and scenarios of land-use
changes show a better condition, in terms of fragmentation, than as a current asset. Results showed
the strategic role and potentialities of marginal lands, as a trade-off between nature conservation
and development issues, suggesting new opportunities for green infrastructures and a renewable
energies chain. The study allowed for deepening the close connection among landscape planning
approaches, land use change scenarios building and environmental assessment, focused on the
ex-ante evaluation stage.

Keywords: hybrid landscapes; marginal lands; land-use change scenarios; landscape metrics;
ecosystem services; energy crops; green infrastructures

1. Introduction

Most of the European landscape cannot be understood as simply places [1–3] with specific and
defined spatial, functional and perceptive features; there are areas with closed interaction between
urban and rural functions, or with problems of fragmentation, abandonment, pollution or a low level of
productivity. Landscape planning policy-making processes, normally, have produced policies ignoring
the real nature of hybrid territories, often with dramatic consequences for the environment. Thus,
in the last decades, in addition to the traditional physical classifications of the landscape, based on
the “urban” and “rural” dichotomy, further definitions were proposed referring to the concept of
“middle landscape”: tussenland [4], città diffusa [5], spread city [6], shadowlands [7], etc. The different
names given to the new forms of spatial configurations imply new meanings but also involve the
need for specific management and planning approaches, mostly linked to their intrinsic characteristics
and value.
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Initially these new landscape types were seen only as problems, as conditions of disadvantage to
be remedied; however, the most recent theories, are also considering them as opportunities, as new
frontiers to guarantee development and sustainability.

Among the middle landscapes, lands with inherent disadvantages or lands marginalized by
natural and/or artificial forces, but which have great potential for transformation, the so-called
“marginal lands” have been extensively investigated and discussed by scientists. They were described
generally as areas that are underused [8], difficult to cultivate [9], with low economic value [10], Limbo
lands or lands with uncertain status [8,11], degraded lands [12] and lands with varied developmental
potential [13,14].

Less favored areas (LFA), as defined since the 1970s (and still in use today) by the European
Economic Community (EEC) Directive 75/268, article 3, paragraph 3–5 [15], then into Regulation
950/97, Regulation 1257/1999 and the Council Regulation EC 1698/2005 [16–18], reflecting the negative
meaning associated with these contexts, certainly fall within the marginal lands category. The EU
Scheme tried to meet the widely divergent regional situations of EU agriculture, with respect to both
the socio-economic situation and natural characteristics [19]. Inside LFA, agricultural productions or
activities present more difficulties because of natural handicaps such as difficult climatic conditions,
steep slopes in mountain areas or low soil productivity, and because of socio-economic problems such
as low population densities and low agricultural incomes [20]. Already in these terms, LFAs can offer
important solutions and opportunities in the maintenance and management of the agroforest landscape:
rural activities, agricultural ones in particular, have high importance for the production, the care and
use of landscape, the maintenance of traditional social structures, as well as a multifunctional basis for
other economic sectors. On the one hand, mountain agriculture is less able to face market competition,
suffering from additional costs and, consequently, needing to sell at higher prices (making it difficult
to compete); on the other hand, as a strength and opportunity, mountain agricultural products are
characterized by a marked typicality or high quality and by relevant multifunctional activities; primary
activity is in many cases the only way of managing areas that are often difficult to maintain [21].
Starting from the EEC Directive 75/268, more than 30 implementing Directives comprise the current
delimitation of the LFAs of each Member State. In addition to these classifications, “Territories in
between”, often overlooked in the dominant schemes of landscape classification [2], more recently
reflect a new approach in land-use and landscape planning, including the hybrid geographies into
planning process as areas with specific features as a basis for development opportunities. They help to
describe the complex relations between urban and rural landscapes, with new and specific cultural and
topographic settings. Their identification starts from demographic and infrastructure/functional assets,
underlying the connectivity of places with different functions and uses intensity. Their identification
could become a strategic issue in landscape planning, in terms of social relation, environmental
protection, mobility, housing and economic activities and overall sustainability [22–24].

The identification of middle landscapes is also considered strategic in terms of food security
improvement and bioenergy productions support [25–28]: in addition to the EEC Directive 75/268,
other EU policies focus on these contexts (belonging to agroforestry landscape) to improve different
issues, such as Biodiversity [29], Green infrastructures [30–32] and Renewable energy [33,34]. In this
context, many studies debate the “trilemma” of land-use planning in marginal lands: food security,
bioenergy and environmental concerns [28,35,36], and require the need for further and more detailed
environmental impact analysis, developed according to the most modern theories and approaches.
Marginal lands can give a first quantification of the areas in which concentrated measures and
interventions, both public and private, can be used for these forms of development. Many approaches
and forms of modeling [28,37–43] were developed to support the identification of land-use change
suitable areas and their intensification in land-use [44]. Intensification of land-use on the one hand, and
abandonment on the other, could have important consequences for landscape, in terms, for example
involving soil erosion, land degradation, biodiversity and climate change mitigation [45–47].
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The assessment of ecosystem services, which involves the benefits that the population obtains
from ecosystems [48,49], is widely considered as a valid support for landscape planning, both in the
analysis phase, and in scenario construction and impact assessment phases [50]. The awareness about
the development and implementation of related policies (on water, climate, agriculture, forest and
regional planning) are the main aims which support the ecosystem services (ESs) approach application.
Specifically, in landscape / land-use planning, robust, reliable and comparable data (arising from
the different ESs assessment methods developed) are very important, allowing assessing the state of
art, comparing scenarios, evaluating environmental damages, etc. Beyond the questions about the
classification [49,51–55] of ecosystem services and their assessment methods [56–58], a particular role
is assumed by landscape metrics, which are able to express easily comparable aspects related to the
composition and configuration of the landscape, about the effect (fragmentation, biodiversity, etc.) of
land-use changes or about phenomena of abandonment / intensification in land-use immediately and
in numerical terms. A landscape metric assessment was used, allowing a critical evaluation of current
conditions and giving significant information for guiding decisions toward a sustainable development,
according to EU documents. Action 5 of the EU Biodiversity Strategy to 2020 calls Member States to
map and assess the state of ecosystems and their services in their national territory with the assistance
of the European Commission. In line with the Millennium Ecosystem assessment [49], the objective
of the EU assessment is to provide a critical evaluation of the best available information for guiding
decisions on complex public issues.

The present study proposes a framework for identification of specific marginal lands in Southern
Italy which is scenario-based and landscape metrics based, in order to support land-use and landscape
planning activities to achieve sustainable development opportunities, in contexts with socio-economic
difficulties but with still high environmental values. The aims of the work are to deepen knowledge
about marginal areas in contexts with economic disadvantages, despite their high environmental,
cultural and landscape values, and to assess their current resources to support potential land use
change or intensity of use. As part of the scientific and operational debate on landscape management,
the present study is proposed as part of an ex-ante planning process, acting both at a regional and local
level. In particular, on a regional scale, the identification of marginal lands could be inserted structurally
in the current territorial and landscape planning tools (i.e., regional or provincial territorial plans),
such as what has already been done for areas of environmental value. In this way, the improvement of
specific intervention strategies and policies and a transparent and shared support in the distribution of
funding and public interventions is possible. At the local level, the identification of marginal lands
and the assessment of the possible impact on the landscape of the driving forces could be part of
the strategic environmental assessment, together with the existing plans and programs, in order to
improve the analysis phase and the efficiency of the planning tools.

Results show specific marginal lands, which represent a discrete class of whole landscape, and
can be considered as “in transformation areas”. Marginal lands identified are not simply rural places;
instead, they present a general intensification of anthropic functions and need to be inserted in a
coordinated development into a large-scale analysis.

Even if the methodology is focused on a specific Mediterranean context, it can also be iterated for
other contexts, because it is based on scientific, widely shared and tested approaches. In the present
paper, different landscape planning approaches are integrated to extend analysis and assessment to
other landscape characteristics.

2. Materials and Methods

2.1. Study Area

The study area (about 1819 km2), usually named “High Molise”, belongs to the Molise Regions
and includes two provinces and 61 municipalities. The area is mainly hilly/mountainous locations
(respectively 36% and 34% of the total study area) of limestone origin (Figure 1). The mountains
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exceed 1500 meters in height (up to 2155 m above sea level and the flat parts are concentrated mainly
in the valleys of the Trigno and Sangro rivers. The area is characterized by the presence of Turkey
oak and white fir. Over 1100 meters, beech trees and grasslands characterized by a wide variety of
flora, are present. Great biodiversity is reported also for the fauna characterized by the presence of
the Marsicano brown bear, wolves, otters and many species of birds of prey, including the golden
eagle. Study area presents a high natural, environmental and cultural-historic value, highlighted by
one national natural national park (Abruzzo Lazio Molise National Park), the proposal perimeter of a
new-building national park (Matese National Park), 35 Sites of Community Interest(SCIs) and 7 Special
Protection Areas (SPAs), urban historic centers and natural trails for the herds passage “tratturi”
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The study area, including the overall Molise Region, is mainly composed of small municipalities,
many of which do not exceed 1000 residents. The most important municipalities by demographic,
social and economic structure are Isernia, Venafro, Bojano and Agnone.

Due to the low number of inhabitants, the economy is poorly developed compared to other
Italian regions. The tertiary sector is the prevailing economic sector of the region. Also the primary
sector plays a fundamental role: in the last twenty years, compared to the previous century, the
production of cereals (especially maize and wheat), table grapes and wine grapes have decreased;
in addition, many areas used for sugar beet have been converted to other vegetables, to diversify
production. Pastoralism is characterized by transhumance, involving the movement of the flocks from
the Apennines of Abruzzo Region to the Apulia Region through a dense network of cattle tracks and
“tratturelli”.

The industries are grouped in the industrial centers of Campobasso-Bojano (CB) and
Venafro-Pozzilli (IS). Mountain centers of Campitello Matese (CB), Capracotta (IS) and the national parks
of Abruzzo, Lazio and Molise, together with the generally intact conditions of natural environment
and the absence of pollution, support the tourism sector and attractive activities.
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Overall, despite a significant environmental and cultural heritage, it is still not possible to find
real opportunities for sustainable socio-economic development: the economy in this area is poorly
developed compared to in other Italian regions and the population shows a negative trend, due to the
low number of births and the phenomenon of immigration, from small mountain villages to the major
centers (coastal and hilly) of the Region.

2.2. Framework

Starting from one of the most widely used frameworks [50,59,60] for landscape planning, Driving
forces-Pressures-State-Impacts-Responses (DPSIR) model, the first steps of the present work focus on
identifying the social and economic driving forces and the environmental conditions characterizing
the study-area, defining a framework of criteria useful for the specific planning aims. The dynamics
analysis allows for deepening the pressures of driving forces on the environment, highlighting the
strengths and weaknesses of the landscape system [61]. Then, it is possible to analyze and compare, by
means of an environmental impacts assessment, the state of art both for the whole study area and for
specific contexts, in order to deepen the possible cause-effect relationships between socio-economic
human activities and the environment. The landscape planning support is the result of these phases of
analysis, design and assessment, as a shared and transparent process.

Specifically, this study entails two steps. Firstly, potential marginal areas identification has been
carried out, starting from Less Favored areas (LFAs) perimeters and the Territories in Between (TiBs)
definition, integrating socio-economic disadvantage with development suitability. Secondly, starting
from the identification of the marginal lands, ESs assessment, by means of a landscape metrics approach,
has been performed (Figure 2).
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Figure 2. The workflow schemes.

Landscape Analysis was based on third level of Corine Land Cover 2018 (the vector map, as
shapefile, is available on Copernicus service, Minimum Mapping Unit of 25 ha), integrated with
other coarse maps, such as the Molise Region Land Use map (vector map, available on Molise Region
geoportal; scale 1:10,000), hydrography map (vector map, available at the Italian national geoportal,
scale 1:250,000), mobility network maps (vector maps, available at the Italian national geoportal, scale
1:10,000), Digital Elevation Model map (raster map available at the Italian national geoportal, cell
resolution 20 m), Nature 2000’s network map and forestry types map (vector maps, available at the
Copernicus service, Minimum Mapping Unit of 0.5 hectares). ArcGIS ver. 10 (ESRI, ArcGIS, Redlands,
CA, USA) and Fragstat ver. 4 Spatial Pattern Analysis Program for Categorical Maps(University of
Massachusetts, Amherst, MA, USA) [62], are the GIS software that were used.
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2.3. Marginal Lands Identification

In order to identify marginal lands in Molise region, two approaches were used and integrated, in
order to consider negative and positive aspects (Figure 3).
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Co-operation and Development; LFA = Less favored areas; EC = European Commission.

The first one is based on Less Favored Areas, as defined by Axis 2 of Rural Development Policy
for 2007–2013. Under the Council Regulation (EC) 1257/1999 still in force, LFA categories are:

• Article 18: Mountain Areas, (high altitude areas, steep slopes at a lower altitude or a combination
of the two);

• Article 19, ’Intermediate’ Less Favored Areas (danger of abandonment of agricultural land-use,
land of poor productivity, . . . );

• Article 20, Areas Affected by Specific Handicaps (in order to conserve or improve the environment,
maintain the countryside, preserve the tourist potential of the areas, protect the coastline).

As integration and implementation of information at local scale, in Italy, the national project
“Rural Atlas” was developed by Ministry of Agricultural, Food and Forestry policies [63]. In the
present work, the three Atlas groups of indicators, representative of the disadvantage factors, are taken
up and compared:

• environmental, settlement and economic conditions (average productive attitude, settlement
density, accessibility, intensity of agricultural production);

• performance indicators (level of development on disposable income, demographic evolution);
• regulatory indicators (less-favored areas and EC DIR. 268/75).

The approach entails two specific disadvantaged area types: the marginal areas (in terms of
agricultural production, environment and settlement) and the peripheral areas with poor agriculture
(in terms of agricultural production and settlement). To define marginal areas, the Rural Atlas uses the
following benchmarks and indicators: (i) gross added value in agriculture, lower than or equal to the
EU average value; (ii) the environmental productive attitude value, less than or equal to 2; (iii) the
population density value, less than 100 inhabitants /km2; (iv) the accessibility of the population to
supra-municipal public services, in 30’ (a threshold value of 100,000 inhabitants).

Same conditions, apart from the environmental productive attitude value, allow the identifications
of the peripheral areas with poor agriculture.

XV ISTAT (Italian institute of statistics) Census data on population [64] and VI ISTAT Census
on Agricultural sector [65] were used and integrated with the Corine Land Cover Map 2018 and
Molise Region Land Use map (2010). By means of georeferencing and join tools, the census data were
associated at local scale (municipality boundaries) to polygon entities.
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The areas sorted out were compared and integrated with the Territories in Between (TiBs), based
on EU documents and scientific research devoted to landscape and urban planning studies [2,22,23,66],
according to the following steps:

1. the identification of possible “city” and “urban center”, starting from a harmonized definition
developed by the Organization for Economic Cooperation and Development [22,23];

2. the identification of the Commuting Zones of cities, starting from employment data;
3. the identification, inside the Commuting Zones, of the Territories in Between, starting from people

density and infrastructure networks, according to the literature review.

The following raster dataset, representing the different criteria adopted, were considered:

• morphology, heights and slope (for examples in Less favored areas for human activities: high
altitude, steep slopes at a lower altitude or a combination of the two); an interlocking system
characterized by a combination of built and unbuilt environments and with a dissolved ecological
and cultural continuum of built landscapes (in the TiB definition);

• extended networks of infrastructure, which result in a spatial configuration characterized by the
coexistence of a network of distant but functionally connected areas at the regional scale, and a
patchwork of proximate but functionally disconnected areas at the local scale;

• socio-economy handicaps, lands with poor productivity, low productivity of the natural environment;
• a high level of functional diversity, specifically from a regional perspective, with job to resident

ratios that are higher than usually found in urban areas.

Firstly, the raster data set of “cities”, as harmonic defined by OECD [22], in the study area, were
sorted out from the population density grid cells. The data source used for this step, were the Corine
Land Cover 2018 (CLC18) integrated with the Molise Region land use map at a 1:10000 scale, the
base map and the Census data on population [64]. The population density expressed as number of
inhabitants per km2 was calculated starting from 111 and 112 classes of the CLC18 3rd level. Then,
areas with value density higher than 1500 inhabit/ km2 were selected and were converted in a raster
grid with a 1 km2 cell size. Secondly, the contiguous high-density cells were clustered. Starting from
the raster grid of the previous step, the Majority rule Spatial Analyst Tool was adopted to fill the
gaps in neighbors’ high-density cells. The tool was run 3 times, that is until most of the cells were
clustered. “Urban centers” were obtained. With the Region Group tool, all cells obtained were merged
into continuous entities and then a specific name was assigned to each continuous cell group. Finally,
the Spatial join tool linked each new group with municipality population values [64]. Starting from the
shape file with Molise municipalities boundary, all the municipalities (local administrative involved in
the Urban Centre) with at least half their population inside the urban centers are selected as potential
part of the “city” perimeter. If 75% of the population of the urban centers lives in a city, it is possible to
define the “Urban Audit City”.

To identify the potential commuting zones, the employment data [65] were analyzed. Commuting
zones correspond to areas in development, no urban and no rural, with a strong relation of dependence
from Audit City, in terms of population, physical neighbors and employment. Specifically, the
municipalities where at last the 15% of population went out of the boundaries for working were
identified. Then, municipalities surrounded by other municipalities with a high number of pendular
people were included and non-continuous municipalities were dropped. Inside the commuting zones,
starting from literature methods [2,24], TiBs were identified as areas without a specific self-sufficiency
and with an uncertain relationship between policies and spatial development (housing, economic
activities, mobility and social relations). According to Wandl [66], we then analyzed the following
items:

• the intermingling of built and unbuilt or open land;
• the importance of infrastructure in defying spatial organization;
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• the varying mix of functions.

Artificial surfaces were identified by means of Corine Land Cover 2018, excluding the urban
continuous areas due to their strong character of urbanization. A buffer area of 500 m was built around
main roads and rail networks and was added to the previous perimeter. These buffer areas constitute
areas are potentially in the beginning/in development, both for infrastructure (according to the Italian
law regarding infrastructures, the "Legislative Decree n. 285/1992", which fixed this potentiality in
300 m) and for residential development aims (as an economically advantageous distance—from the
main road arteries—for the construction of new buildings). According to demographic threshold
of TiBs, developed by Wandl, grid cells with the Maximum Population levels (ranging from 150
to 5000 persons/km2) were identified. Census data on population and economic activities were
used. The resident population was distributed on CLC18 urban areas; agricultural employees were
distributed on CLC18 agricultural surfaces, and employees in industries and services were distributed
to the corresponding areas of the Corine.

2.4. Scenario-Based Environmental Assessment by Means of Landscape Metrics

In order to support decision makers and landscape development policies, and to test the marginal
lands identification proposed process, 3 scenarios were built and assessed for the development defined
areas in the High Molise region.

Specifically, the three scenarios refer to the short-medium period and were built starting from a
different landscape development hypothesis (from no changes to new agricultural or green uses):

• Scenario 1—No changes scenario: the current land uses and land covers is supposed to last for
years. This scenario is based on the CLC 2018 classification, integrated with the Molise Land Use
Map 2010;

• Scenario 2—Energy crops scenario: land-use change is allowed for some agricultural uses (arable
lands, pasture, heterogeneous agricultural areas) and some forest and semi-natural areas (scrub
and/or herbaceous vegetation associations and open spaces with little or no vegetation) within
marginal lands into energy crops (poplar, giant reed, thistle). Specifically thistle and giant reed
are assimilated to land-cover class “231—Pasture” because they are perennial grass or biennial or
annual plants, that are cultivable and capable of adapting to different types of context and climate;
whereas poplar is included in land-cover class “311—broad-leaved forest”, as reported by the CLC
2012 classification, 4th level (class 3116—"Broad-leaved forest—Woods of hygrophilous species").

• Scenario 3—Green infrastructures scenario: land-use changes, within marginal lands, can be converted
from semi-natural areas (composed by open space with little or no vegetation) and agricultural areas
(devoted to arable lands and pasture) into green areas (such as sub-urban forest, pedestrian and cycle
paths, new wetlands, green walls, green school yards, slow railways, etc.). Specifically, the new land
cover classes considered are: “143—Green school yards”; “144—Pedestrian-cycle paths”; “145—Slow
railways”; “314—Sub-urban forest”; “325—Green walls”.

Starting from the new landscape compositions and configurations, an environmental impacts
assessment was performed by means of Ecosystem Services, focusing on the benefits people obtain from
ecosystems. Starting from the first definition developed in the 1980s, there are now many classifications
of ESs. The Millennium Ecosystem Assessment (MEA) [49] is considered to be a universal accepted
definition, due to its “provision”, “regulation” and “support” services classifications. The importance
(“value”) of ecosystems and their services can be expressed in different ways: ecological or biophysical,
socio-cultural and economic. Each way is characterized by a specific assessment approach and specific
theoretical postulates.

Inside ESs, Landscape metrics are important indicators, allowing for analyzing landscape pattern
aspects intricately connected with ecosystem functionalities [14,67,68]. They are algorithms that
quantify specific spatial characteristics of patches, classes of patches or entire landscape mosaics, or of
the patch mosaic in the neighborhood of each focal cell [69]. Usually, composition and configuration
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are the two categories which describe the LMs: composition analysis allows quantifying landscape
patterns of the map without reference to spatial attributes (i.e., the variety and abundance of patch
types), while configuration analysis allows quantifying the spatial configuration of the map (i.e., the
spatial character and arrangement, position or orientation of patches within the class or landscape) [69].

Landscape metrics have been extensively used in a variety of fields [70–74], such as biodiversity
and habitat analysis, aesthetics of landscapes, evaluation of landscape patterns and changes therein
and management, planning and monitoring, etc. Hundreds of landscape metrics were developed in
the last three decades [75–79], and many of the landscape metrics are correlated to each other.

The present study focused on some LMs which deepen the fragmentation aspect of landscapes
because of the importance of fragmentation issue in spatial planning policies [80] and because it is
deeply connected with the land-use scenarios comparison. In Europe, landscape fragmentation has been
a fairly widespread process since the end of the 19th century in intensively used regions. Fragmentation
could be considered as the product of the linkage of built-up areas via linear infrastructure, such as
roads and railroads [81,82]. It consists of the transformation of larger patches of habitat in smaller ones,
or fragments, which tend to be more isolated than in original conditions [83]. Habitat fragmentation
analysis by means of landscape metrics allows for observing a process in which contiguous habitats
are progressively sub-divided into smaller, geometrically more complex areas [84].

Starting from similar studies concerning landscape fragmentation analysis, in the present
work, a suite of metrics available in the FRAGSTATS ver 4 software package (University of
Massachusetts, Amherst, MA, USA) [62] was selected. The class- and landscape-levels were deepened.
Class-level metrics, deepening the amount and spatial distribution of a single patch type, help with
understanding the fragmentation aspects. Landscape-level metrics, based on the spatial pattern of
entire landscape mosaics, help with understanding the landscape heterogeneity, as a measure of the
overall landscape structure.

For each landscape map (the three LUC scenarios), the metrics were computed with the raster
version (GeoTIFF) of FRAGSTATS [62]. The analysis was performed for the marginal lands inside the
commuting zone perimeter, to consider not only the internal conditions but also the boundary ones
and the relationships with the neighborhood. The metrics are described in Table 1.

The Largest patch index (LPI) and Percentage of landscape (PLAND) belong to the “Area and
Edge Metrics” metrics group that deals with the size of patches and the amount of edge created by
these patches, which are useful in landscape fragmentation analysis. Although there are myriad effects
of habitat fragmentation on habitat use patterns, and intra- and inter-specific interactions, many of
these effects are caused by a reduction in habitat area and continuity, and an increase in the proportion
of edge-influenced habitats [62].

The other metrics fall into a metrics aggregation group that refers to the tendency of patch types
to be spatially aggregated (or with contagious distributions). They measure complexity, arrangements
and proximity (configuration) using the composition of the landscape or abundance of certain classes
within the landscape. These analyses play a crucial role in the process of habitat loss and fragmentation:
habitat loss and fragmentation generally involve the disaggregation of contiguous habitat into more
dispersed habitats and/or separated (i.e., subdivided) and more isolated patches [62].
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Table 1. Landscape metrics used in the study.

Landscape Metrics Description Utility in Present Study

Percentage of landscape (PLAND)

Quantifies the proportional
abundance of each patch type in the

landscape, as a fundamental measure
of landscape composition (only at the

class level).

At the class level, it is important to know how much
of the target patch type (habitat) exists within the

landscape, for example in the study of forest
fragmentation. This shows how much of the

landscape is comprised of a patch type. An important
by-product of habitat fragmentation is habitat loss.

Largest patch index (LPI)

Quantifies the percentage of total
landscape area comprised by the

largest patch, as a way to characterize
the distribution of area

among patches.

It is important to check if there is progressive
reduction in the size of habitat fragments, as a key
component of habitat fragmentation. It is used as a
habitat fragmentation index: both at the class and
landscape level, smaller mean patch sizes could be

symptomatic of greater fragmentation.

Patch density (PD)
Equals the number of patches of the

corresponding patch type divided by
total landscape area.

It is a simple measure of landscape
subdivision/aggregation. At the class level, it can be
used to measure the degree of fragmentation of the
focal patch type. At the landscape level, it measures
the graininess of the landscape, i.e., the tendency of

the landscape to exhibit a fine- versus a
coarse-grain texture.

Aggregation index (AI)

Calculated from an adjacency matrix,
it shows the frequency with which

different pairs of patch types appear
side-by-side on the map.

It helps to isolate the dispersion aspect of aggregation.
A landscape containing greater aggregation of patch
types (e.g., larger patches with compact shapes) will
contain a higher proportion of like adjacencies than a
landscape containing disaggregated patch types (e.g.,

smaller patches and more complex shapes).

Contagion (CONTAG)

Is based on the probability of finding a
cell of type i next to a cell of type j

(only at the landscape level). It
measures the extent to which patch
types are aggregated or clumped.

It is used as a measure of landscape fragmentation, in
terms of both patch type interspersion (i.e., the

intermixing of units of different patch types) as well
as patch dispersion (i.e., the spatial distribution of a
patch type) at the landscape level. It is widely used
in landscape ecology because it is highly correlated
with indices of patch type diversity and dominance

and thus may be an effective surrogate for those
important components of pattern.

Landscape shape index (LSI)

Measures the perimeter-to-area ratio
for the landscape as a whole. It

provides a standardized measure of
total edge or edge density that adjusts

for the size of the landscape.

It can be interpreted as a measure of the overall
geometric complexity of the landscape or of a focal

class. Greater value of LSI show that patch types are
more dispersed.

3. Results

The marginal areas present a multiplicity of negative factors (economic, environmental and
settlement nature factors), which together contribute to determining a low level of development;
the peripheral areas with poor agriculture present a low level of agricultural productivity, due
to their eccentric position with respect to the urban and infrastructural systems, rather than due
to physical-environmental problems. Deepening the study area’s environmental, settlement and
economic conditions, Rural Atlas allows us to identify 43 municipality territories as marginal areas, 17
as peripheral areas with poor agriculture and 1 area as a tourist and/or urban area (Figure 4b).

These areas, compared with Dir. CEE 268/75 and Italian Law n. 984/77, are completely included in
the perimeter of Less favored areas (Figure 4a). The only exceptions are two municipalities bordering
Venafro (the tourist and / or urban area), which are marginal areas in the elaboration of the rural Atlas,
while, for the EEC Directive, they are partially delimited as mountain disadvantaged areas. Finally,
population distribution and demographic trends (as performance’ indicators) analysis also shows a real
correspondence with respect to depopulation phenomena (Figure 4c): 28 municipalities are classifiable
as disadvantaged areas with decreasing populations, 8 municipalities are classifiable as disadvantaged
areas with increasing populations, 12 as non-disadvantaged areas with decreasing populations and 13
as non-disadvantaged areas with increasing populations.
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Within these contexts, the integration of results obtained by means of territories in between
each approach, can contribute to a better understanding of the real physical and socio-economic
conditions, and can help to define possible areas of first interventions in order to ensure there is
sustainable development.

The first steps allowed for identifying possible “cities” and “urban centers” in High Molise
area: 35 High density urban centers were identified, with more than 1500 inhabitants per km2, but
clustering and grouping tools showed that there are no “Urban centers” within the study area. “High
Molise” areas are only found in the urban center of Campobasso, which is the capital of Molise. These
results highlight the marginality character—with respect to the demographic (and socio-economic)
dynamics—of the context; as a result, the study of commuting and employment relationships at a
regional scale is particularly interesting.
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The Isernia provincial capital (and two other neighboring municipalities) presents a high level of
commuting (up to 35%), but it is also possible to observe a well-defined network (with two directions,
from north to south-west as well as south-east and crossing Isernia) of municipalities that are dependent,
from a working point of view, on the main regional and extra-economic poles (Caserta-Rome and
Campobasso-Foggia, respectively).

The resulting Commuting Zones, sort out by the inclusion/dropping of a municipality, underline
the flow previously described, from the mountain areas to the main urban center of Isernia, and then
along the Isernia-Campobasso route.

The defined commuting zones (Figure 5) cover 851 km2, entail 31 municipalities (with 94,576
inhabitants) and include the main local industrial centers of Venafro-Pozzillo (IS) and Bojano (CB).
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Inside these areas, the maximum population analysis shows an interesting geographical continuity
between the municipalities characterized by the average values of employees (according to a literature
review) in the various economic sectors and by the main road axes of Campobasso-Isernia and
Isernia-Venafro-Caianiello-Rome. The areas involved consist of valleys, surrounded by landscape
with high naturalness values: the Matese massif (with the next Matese National Park) and the Meta
Mountains (with the Abruzzo, Lazio and Molise National Park).

The final deepening involving LULC types allows for defining the in-between territories in the
High Molise area, which are 354.5 km2. Specifically, two types of TiBs are recognizable:

• disadvantaged mountain or hilly areas, with low levels of agricultural productivity, with a
decreasing population, in the north of the study area and, to a small extent, in the easternmost
area (144 km2);

• partially mountainous, non-disadvantaged areas, with a population that is mostly growing, in the
south-east and south-west of the study area (210.5 km2).
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In the present paper, these locations are defined as marginal lands, and cover 19.5% of the total
study area.

Artificial surfaces cover 6.8 km2 of the total study area, agricultural areas cover 176.4 km2, forest
and semi-natural areas cover 168.2 km2 and water bodies cover 2.9 km2. For the agricultural areas,
arable lands cover 66.4% and permanent crops cover 14.4%. For the forest and semi-natural areas,
forest areas cover 58.8% and the scrub and/or herbaceous vegetation associations cover 38.1%.

The marginal lands identification in the High Molise region allowed for a scenario building phase
and a consequent environmental assessment.

Three scenarios were built. Figure 6a–c, Figure 7a,b and Table 2 show the spatial configurations
and the areas for each land-use class.
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Table 2. Land-use class areas comparison among the three scenarios.

Land-Use Classes Scenario 1 (ha) Scenario 2 (ha) Scenario 3 (ha)

111—Continuous urban fabric 226.1 226.1 226.1
112—Discontinuous urban fabric 708.9 708.9 708.9

121—Industrial or commercial units 402.4 402.4 402.4
122—Road and rail networks and associated land 128.6 128.6 128.6

124—Airports 1.3 1.3 1.3
131—Mineral extraction sites 142.8 142.8 142.8

133—Construction sites 2.8 2.8 2.8
141—Green urban areas 34.0 34.0 34.0

142—Sport and leisure facilities 43.4 43.4 43.4
143—Green school yards // // 5700.9

144—Pedestrian-cycle paths // // 9031.5
145—Slow railways // // 3156.5

211—Non-irrigated arable land 18,362.5 6592.8 6592.8
221—Vineyards 198.0 198.0 198.0

222—Fruit trees and berry plantations 211.2 211.2 211.2
223—Olive groves 2804.2 2804.2 2804.2

231—Pasture 2 106.3 14 245.3 662.5
241—Annual crops associated with permanent crops 0.2 0.2 0.2

242—Complex cultivation patterns 3493.0 3493.0 3493.0
243—Land principally occupied by agriculture 6238.6 6238.6 6238.6

244—Agroforestry areas 322.1 // 199.9
311—Broad-leaved forest 34,598.5 41,511.7 34,598.5

312—Coniferous forest 453.0 453.0 453.0
313—Mixed forest 206.1 206.1 206.1

314—Sub-urban forest // // 1790.0
321—Natural grassland 7643.0 3758.3 3758.3

323—Sclerophyllous vegetation 28.2 28.2 28.2
324—Transitional woodland shrub 7074.8 4516.9 4516.9

325—Green walls // // 617.2
331—Beaches, dunes and sand plains 31.5 6.4 6.4

332—Bare rock 79.1 // //
333—Sparely vegetated areas 669.0 255.2 255.2

334—Burnt areas 36.9 36.9 36.9
511—Water courses 278.6 278.6 278.6
512—Water bodies 10.0 10.0 10.0

Total 86,534.8 86,534.8 86,534.8

In scenario 2, the classes “211—Non-irrigated arable land”, “321—Natural grassland”,
“324-Transitional woodland shrub” and “333-Sparely vegetated areas” decrease their whole area



Sustainability 2020, 12, 5400 16 of 25

by 56%, while the classes “231–Pasture” and “311—Broad-leaved forest” increase, respectively, by
570% and 20%.

In scenario 3, the classes “14—Artificial, non-agricultural vegetated areas” increase, overall, of 230%
and class “31—Forest” increase of 0.1%, at the expense of “231—Pasture”, “244—Agri-forestry areas”,
“321—Natural grassland”, “324 - Transitional woodland shrub” and “333 - Sparely vegetated areas”.

Landscape metrics analysis was performed at class and landscape levels for the three scenarios.
At a class level, PLAND and LPI indices show substantially overlapping trends (Figure 8a,b) and

reveal a similar pattern of small patches connected to artificial surfaces and water bodies classes where
high values are mainly in some natural and semi-natural contexts and in some agricultural areas:

• Scenario 1 shows higher values (in terms of presence and dimensions) for those classes which
characterize the landscape marginality: 211—Non irrigated arable lands, 321—Natural grassland
and 324—Transitional woodland shrub;

• Scenario 2 shows the new predominance of the classes related to the new energy crops (231—Pasture
and 311—Broad leaved forest);

• Scenario 3 presents high values for the forest and semi-natural classes (311—Broad leaved forest)
and, unlike the other 2 scenarios, for the artificial surfaces connected with the recreation functions
(14—Artificial, non-agricultural vegetated areas). The 231—Pasture, 321—Natural grassland and
324—Transitional woodland shrub classes increase the size gap (in terms of decreasing) with
other scenarios.

Both LSI and PD (Figure 8c,d) suggest that some agricultural areas (241—annual crops associated
with permanent crops and 244—agro-forestry areas) have the most fragmented landscape with
moderate vegetation cover. Instead, the less fragmentated classes are the following: the non-irrigated
arable land and the herbaceous vegetation associations in scenario 1; pasture and forest areas in
scenario 2; forest and new urban green areas in scenario 3.

The patterns indicated by the Aggregation Index (Figure 8e) show high aggregation levels (on
average always above 90%) for all land-use classes, in scenarios 1 and 3. In scenario 2, the agroforestry
areas show significant disaggregation. Classes of artificial surfaces connected with new recreation
functions and the sub-urban forest have low aggregation index values, due to their introduction only
in specific scenarios.

At the landscape level (Figure 8f), PD and LPI show less fragmentation risk connected with
land-use change scenarios due to the lower density index (−15% and −4%, respectively, in scenarios 2
and 3), and to the increasing in size values by an average of 13%. Also, the LSI metric follows this
trend, with a respective decreasing in values for new scenarios of (−)8% and (−)3%. The AI is not
particularly useful at a landscape level, while the CONTAG metric shows different trends in scenario 2
and 3: while the values increase by 2% in scenario 3, there is a 5% decrease in scenario 2, depending on
the introduction of new land-use classes related to recreation in urban areas.
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4. Discussion

4.1. The Identification of Marginal Lands

The disadvantaged and marginal areas issue is increasingly becoming a subject of focus for the
scientific literature, as well as for numerous legislative and regulatory provisions [28].

The study proposes, as a first step, the integration of different approaches for the identification of
marginal lands in Southern Italy. The paper refers to the scientific debate on marginal lands, starting
from the first definitions with predominantly negative nature that are linked to disadvantageous
conditions to remedy the most recent definitions referable to the concepts of hybrid landscape or
middle lands, which take into account the "in transformation" character of these contexts. Marginal
lands can therefore be considered as resources too, new engines of development for larger regions.

The knowledge process was reflected in a framework building for landscape analysis aimed at
identifying current marginal lands. The proposed framework provides for the integration of two
approaches, emblematic of the two meanings (in only negative and positive terms): the Less Favored
Areas (LFAs) and the Territories in Between (TiBs). The methodology allows for highlighting critical
issues and, at the same time, indicates development opportunities. Socio-economic conditions, location
factors and morphological characteristics have been the basis for land-use change scenarios building.
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The results showed marginality conditions for about 20% of the entire study area. These territories
branch off along the Foggia–Isernia and Rome–Isernia–Adriatic Sea road lines and are characterized by
very different characteristics:

• The Rome–Isernia line presents territories that can be considered to be evolving, are not
morphologically disadvantaged, have a growing population and contain economic activities
among the most developed in the Molise region, but still not fully developed.

• The Isernia–Adriatic Sea line, on the other hand, presents conditions of morphological and
socio–economic disadvantage. It consists of mountain areas with low population levels and few
economic activities, but with elevated levels of environmental quality, underlined by the presence
of SCIs and SPAs and a National Park.

• The Isernia–Foggia line has a mixed character, with: non–disadvantaged sub–areas and an
increasing population (mainly the territories bordering Isernia); sub-areas with physical and
socio-economic conditions of disadvantage, but with high levels of environmental quality,
highlighted by the presence of SCIs, SPAs and one Regional Park; sub-areas with not
disadvantaged morphological conditions, but with negative demographic trends and economically
disadvantaged conditions.

The awareness of so different conditions leads to different solutions in scenarios building processes.
Within marginal lands, areas with low profitability crops, with little or no vegetation, that are

closest to urban centers and road axes or—still—have a high environmental value, were considered to
be the most susceptible areas to land-use change in the short–medium term for economic reasons (on
one hand due to low acquisition costs, on the other, due to tourism opportunities) or social reasons (on
one hand due to abandonment or under-utilization, on the other, due to recreation opportunities) or
logistics (linear infrastructure realizations). According to development prospects suggested by EU
directives, three scenarios were built:

• The no-change status, with the permanence of current environmental conditions and
socio-economic driving forces;

• the development of a bio-energy chain, with poplar, thistle and giant reed crops;
• the implementation of a green infrastructures network, as an improvement to the quality of local

life and as development engine for the tourism sector.

As a result of anthropic activities, the landscape is becoming increasingly complex (in its structure,
in the functions distribution, in ways of being perceived). This complexity translates into new
landscape definitions and classifications and new meanings, which help to understand its distinctive
characteristics; this means new intervention strategies are necessary.

Landscape analysis in support of the government, planning and management processes must
include this complexity. The present work, in the middle of a scientific and government debate
on the definition and identification of marginal lands, intends to provide a support framework for
territorial analysis. The goal is not just a simple analysis application but is to support and guide
the prognosis and territorial policies phases in the planning process, focusing on the resources and
critical issues which emerge. Marginal lands become the areas from which to start which are areas of
priority for intervention within the strategic landscape planning and with a long-term vision, to trigger
transformation processes spread over wider territories.

The framework, which is largely linked to approaches already developed in the scientific field
and used from a practical-operational point of view, has the potential to deal with the topic in a more
complex way. In the present case, the application of the only approach through LFA, would have led
to the recognition of disadvantageous conditions on almost the entire study area, without allowing
for focusing attention on specific areas (in terms of resources or critical issues), from which to start
for strategies and intervention policies. The application of only the TiB approach would have led
to the identification of specific and defined areas, with precise socio-economic and infrastructural
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characteristics, without an overview of the context in which they are inserted. The critical integration
of the two methodologies instead allowed a detailed analysis of the coarse-scale landscape and, at
the same time, allowed us to identify focus-areas in terms of resources or critical issues on which to
concentrate first intervention strategies.

4.2. The Environmental Impacts Assessment

The supposed scenarios involve changes in landscape composition, structure and function. Habitat
loss and fragmentation are increasingly recognized as the prevailing by-product of anthropic activity
in landscapes, and as a major cause of declining biodiversity [62,83,85]. For this reason, in order to
hypothesize the possible impacts associated with supposed land-use change, a specific analysis of
landscape fragmentation risk was performed using an ecosystem services approach and landscape
metrics, which is considered to be one of the hot topics of modern landscape ecological research [79].

In the present work, the Fragstat landscape metrics were preferred due to their worldwide
application for similar case studies, allowing us to contribute in the scientific debate about hybrid
geographies individuation and the impacts of current driving forces on the landscape. At the same time,
starting from the most common metrics described here, devoted to regional scale application and in
the strategic planning phase, additional ones could be developed and tested on target contexts in order
to highlight specificity and particularity, and to contribute in a more effective way to the landscape
planning process at a local scale. Based on this assumption, the selected metrics demonstrated good
repercussions / impacts of the land-use change on the landscape, in terms of fragmentation.

Scenario 2 is the most preferable scenario according to the Largest patch index (LPI), Percentage
of landscape (PLAND), Patch density (PD), Landscape shape index (LSI) metrics (Scenario 1, the actual
state, or no-change, is the worst scenario). Largest patch index (LPI) (both at class and landscape
levels) and Percentage of landscape (PLAND) (at the class level), show a possible decrease of landscape
fragmentation, as result of the increase in the percentage of total landscape area comprised by the forest
patches and the pasture ones, i.e., by those habitats considered to be very important in terms of habitat
quality services and biodiversity. Also, the PD (at the class and landscape levels) highlights a reduced
fragmentation risk in Scenario 2, thanks to its coarse-grain texture and thanks to the prevalence of
specific classes related to new land uses. Through LSI analysis, at the landscape level, the greatest
geometric complexity is shown by Scenario 1 (the worst) and Scenario 3. At the class level, parallel to
the other metrics described, the semi-natural areas with little or no vegetation and the agroforestry
areas are the habitats that benefit from Scenario 3 and, above all, from Scenario 2.

Scenario 3 is the preferable one, according to Aggregation index (AI) and Contagion (CONTAG)
metrics. At the landscape level, the AI metric highlights higher aggregation levels in Scenarios 2 and
3. At the class level, both AI and CONTAG prefer Scenario 3, thanks to less intermixing of units of
different patch types under this scenario. It should be emphasized, however, that Scenarios 1 and 2
suffer from the fact that some classes attributable to green infrastructures have not been included in
the assessment.

The LM analysis contributed significantly to the present study, allowing for deepening the risk
of fragmentation connected with land-use change scenarios. This aspect is an important reference
for landscape planning and management policies, because it is closely correlated with the greater
functional quality of landscape [86], which is the basis not only for habitat quality services, but also for
all the other services (from the amenity and recreation ones to the air quality regulation services or to
the food and goods supply). The positive results obtained, in addition to suggesting hypotheses for the
study-area development, can be read as a validation of the proposed framework for the identification
of marginal lands and for the land-use scenarios building. The aim is to provide, with respect to
and enhancement of the high levels of environmental quality, landscape planning support for the
socio-economic development and alternatives, both in terms of energy crops and green infrastructures.
The impacts analyzed, however, are still very limited. More extended analyses will be necessary,
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concerning both socio-economic driving forces and environmental aspects, to support development
policies in the High Molise region.

5. Conclusions

The proposed method integrates a different land-use and landscape planning approach (in
landscape analysis and environmental impacts assessment fields), in order to support decision maker
actions, based on a transparent and sharing process, supported by scientific studies and targets towards
a new hybrid landscape which needs new and specific approaches.

Currently, ordinary landscape and land-use planning is lacking in specific tools calibrated for
marginal lands: the only efforts in this area are often oriented to provide (economic) support tools
for territories that are seen only in negative terms and not for the great potential they have. Strategic
environmental assessment is a tool that certainly complements ordinary planning, but it is not fully
utilized very often. This work therefore forms part of the scientific and government debate on the
matter, with the aim of stimulating a greater knowledge of marginal areas and a consequent greater
awareness of their current and potential uses.

The developed methodology should not simply provide relief for marginal conditions or to be
used as a simple analysis application. It also should be used for critical assessment of possible forms
of landscape development, identifying and recognizing the critical features to be remedied and the
valuable characteristics that can be enhanced or simply preserved. The marginal lands become engines
of development and resources for a whole region in the context of sustainability that is not only
environmental but also socio-cultural, connected to new economic forms.

The paper framework aims to integrate an ES indicators assessment into the most common and
shared landscape planning techniques, starting from the analysis of marginality criteria and using
studies which deepened this relationship [50,87–89]. The proposed methodology shows the advantages
of: (i) conducting a preliminary but target analysis on specific characteristics of a landscape, raising
the issue of the need for socio-economic development together with preserving local environmental
resources; (ii) deepening and relating the marginal conditions with the risk of fragmentation associated
with any intervention proposals for the development of marginal lands.

At the same time, in order to improve the important gaps linked to detail of information, any
integration of aspects, stakeholder participation, likelihood of hypotheses and upcoming developments
of the project may be able:

• to deepen the parameters / factors selection in marginal lands identification, in order to integrate
the main factors with other ones which can contribute to defining problem areas;

• to analyze aspects like profitability and intensity usability of territories or current land-use
planning zoning rules, in order to build more reliable and realistic land-use scenarios;

• to perform landscape analysis by means of satellite images at a local scale, in order to obtain land
cover maps that are more updated and precise (which is useful and necessary for land patterns
analysis) and to calibrate interventions and projects that are more relevant for a specific context.
In this way, it will be possible to overcome the current limits of using Corine Land Cover maps
due to the scarce levels of coarse detail by improving the overall quality of metric analysis results.

• to integrate simulations / assessments expected on different ecosystem services, in order to have a
more articulated and responsive analyses/simulations of the possible impacts from LUC;

• to simulate costs of carrying out the interventions, in order to compare the investments in targeted
areas with their expected environmental impacts/benefits.

Marginal areas identification can therefore, potentially, provide a strategic element to support
decision makers in order to define sustainable development policies for both local people rights and
environmental preservation points of view, to use local resources (abandoned areas for agricultural
uses, availability of manpower, know-how of cultivation practices) and to evaluate development
alternatives that guarantee higher incomes and interest in the sector.
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In these terms, the present study can be a reference for the analysis and planning of other contexts,
characterized by new conditions of marginality that can be physical, functional or perceptual, which
very often also present enormous development opportunities or have high values of environmental
quality to be preserved.
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