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Abstract: Starting from the objectives of the Nature Restoration Law and the concept of Forest
Landscape Restoration, the objective of the following study is to present a methodological approach
aimed at identifying areas that are best suited for the implementation of NbS for the improvement
of landscape and habitat status in the study area identified by the Urban Atlas of the city of
Campobasso (1028.64 km?). Using open data (ISPRA ecosystem services and Regional land use
capability), an expert based approach (questionnaire) and a multi-criteria analysis (AHP), the Total
Ecosystem Services Value (TESV) index was determined as a weighted additive sum of the criteria
(Data) considered. The index was then classified into 8 clusters and the land use “Cropland” was
extracted, matching Cluster 1 (740.09 Ha) with agricultural areas with less ES provision to be
allocated to NbS and Cluster 8 (482.88 Ha) with valuable areas to be preserved, for a total of 2.34%
of the study area. It was then possible to compare the “Forest” areas currently present in the study
area with those of a possible future scenario, represented by the areas occupied today by forest with
the addition of cluster 1 croplands. A landscape analysis was then conducted: it showed greater
dispersion and fragmentation of forest patches in the future scenario but also greater connectivity
and thus greater ecological functionality of the patches.

Keywords: forest; multi-criteria analysis; Urban Atlas; Nature-based Solutions; croplands;
ecosystem services; landscape analysis.

1. Introduction

Urbanization is proceeding at an extremely fast pace: for the first time since 2008, more than half
of the world’s population lives within cities [1], and it is estimated that this will affect 66% of 9.8
billion people by 2050, mainly due to the social and economic process that has progressively resulted
in the abandonment of rural, hilly, and mountainous areas [2], and the consequent process of
urbanization. As a result, built-up land is expanding, while surrounding natural environments and
green areas within urban areas are threatened [3]. In fact, urban sprawl has a substantial ecological
footprint and is a driver of land use change [4]. Although cities occupy only 2% of the earth’s surface,
people are already using 75% of all natural resources [1]. This implies the configuration of available
urban green spaces as central elements in increasing the quality of urban settings and local resilience,
resulting in positive impacts on people’s health and well-being [5].

It's important to develop a network of green infrastructure, not just ancillary green, so that it can
cope with the high complexity and dynamism of urban areas [6]. Another fundamental thing, at the
planning level, are the structure and choice of areas to be allocated to green spaces as well as their
type. In general, different types of green spaces should be planned, giving importance to biodiversity
and favoring the use of native species [5]. It is necessary for green infrastructures to be well planned
as they can contribute differently to the provision of ecosystem services (ES), depending on the
vegetation types and different types of green spaces and corridors (e.g., urban trees and rows),
patches (e.g., isolated trees), and matrices (e.g., urban and peri-urban forests) [7]. Urban and Peri-
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urban Forests (UPFs) provide multiple ES; in particular, they mitigate the microclimate and reduce
pollution through pollutant sequestration, promote carbon storage, and are crucial for erosion control
[8]; in addition, they are important as habitats for rare animal and plant species, as well as for
biodiversity and pollination [3]. In some contexts, their role is also relevant in providing citizens with
provisioning services such as nuts, berries, mushrooms, herbs and game [9]. In addition, there are
numerous physical and psychological benefits associated with green spaces; they improve mental
health and well-being [10], reduce stress caused by modern lifestyles [11], and may have lasting
psychological benefits [12]; benefits related to longevity have also been found [13]. Promoting UPFs
by securing the ES produced by them is absolutely important for human well-being and future
generations; however, UPFs are threatened by accelerated urbanization, deforestation and climate
change, which also affects their ability to provide ES [14]. In addition, according to recent estimates
[15], between 60 and 70% of EU soils are unhealthy, being subject to erosion, compaction, organic
matter reduction, pollution, biodiversity loss, salinization, and sealing. When soils are healthy, they
are able to provide provisioning, regulating, supporting and cultural services, e.g., EU croplands and
grasslands produce ES amounting to €76 billion per year, of which only one-third is directly related
to agricultural production [15].

According to the Report on Land Consumption, Spatial Dynamics and Ecosystem Services by
SNPA (National Service for Environmental Protection), land consumption affects an average of 19
hectares per day in Italy, with a cemented surface area of about 21,500 km?. This phenomenon is
mainly due to urban expansion which, by making the soil impermeable, results in a greater
susceptibility to flooding, increases heat waves, and leads to a loss of biodiversity, green areas, and
ES, with a damage of 8 billion euros per year [16]. Focusing on Nature-based Solutions (NbS), thus
increasing green infrastructures, could lead to the improvement of ecosystem health by reconnecting
fragmented natural and semi-natural environments and restoring damaged habitats so that they can
provide more goods and services [17].

The term Nature-based Solutions first appeared in the early 2000s, primarily in the context of
solving agricultural issues, such as the use of habitats to mitigate farm effluent [18], later giving great
emphasis to NbS to major contemporary societal challenges, such as climate [19]. It is an umbrella
concept that encompasses a range of ecosystem-related terms and approaches that address societal
challenges [20]. This concept represents a set of environmentally friendly alternatives that support
the provision and maintenance of ES, and it integrates into other concepts, such as those of green and
blue infrastructure, urban forestry, ecological engineering, etc. The strength of NbS lies in providing
co-benefits and generating advantageous solutions (e.g., multifunctionality) [21]. According to the
European Commission, an action can be addressed as NDbS if it uses nature or natural processes, if it
enhances or provides social, economic, and environmental benefits, and if it has a net benefit on
biodiversity ([22]), such as vertical forests in urban settings [23]. The accumulated knowledge on NbS
demonstrates that they are locally attuned solutions to the social context, and that they generate
multiple benefits [24]; their use could make it possible to address both climate change and
biodiversity loss, while also supporting various sustainable development goals [25]. In this regard,
governmental and nongovernmental organizations are providing funds globally to implement NbS
[26], with main focus especially on reforestation and afforestation programs [27] such as the EU’s
“Three billion trees” [28] and the “Great Green Wall” [29]. Sustainable and successful NbS must deliver
benefits for biodiversity and people [30]: trade-offs and synergies play a key role in NbS design [20].

Due to pressure from rapid urbanization and increased vulnerability to risks associated with
climate change in cities around the world, NbS are increasingly being promoted and integrated into
urban plans [31]: climate change is affecting European ecosystems and human well-being, and it is
estimated that there will soon be even greater threats related to ecosystems and the socioeconomic
system [32]. NbS are increasingly seen as central elements to various areas, due to their efficiency in
coping with climate change-related extreme events through mitigation and adaptation actions,
preserving human health and psychosocial well-being, improving air quality, and increasing
landscape connectivity [21]. A limitation, however, is land availability, which is a barrier to
implementing NbS within cities [31]. Another limitation is associated with the fact that policy
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instruments for the implementation of NbS are mostly related to the municipal sphere, and not at the
landscape or higher levels, which would instead allow the multifunctionality of NbS to be enhanced
[33]. To make NDbS efficient, they require integrated, cross-sectoral planning and governance
strategies for their integration and deployment [34], as well as the involvement of numerous
stakeholders. Despite their widespread deployment in cities, there are still numerous challenges
related to NbS, including lack of information about their benefits, uncertainties about how best to
plan, design, implement, and manage them, as well as the inadequacy of existing planning systems
[35].

Based on that, the aim of the study was to establish a methodology to identify degraded
agricultural areas for restoration through NbS interventions. The areas were identified from the level
of ES provision, obtained through an expert-based approach.

2. Materials and Methods
2.1. Study Area

The study area is represented by 38 municipalities in the Province of Campobasso, identified by
the Urban Atlas [36] of the Province of Campobasso, in the Molise Region, Italy, which is also part of
the study area of the PNRR National Biodiversity Future Center Project.

This choice was motivated by the desire to analyze the territorial system and the green
infrastructure from a broader perspective than the mere administrative boundaries of the single city
(Campobasso), which acts as a hub, in line with the political and planning guidelines of recent years.

The study area is 1028.64 km?, the minimum altitude is 148 m above sea level (Municipality of
Macchia Valfortore), while the maximum altitude is 1086 m above sea level (Municipality of
Cercemaggiore). From a landscape point of view, according to the ISPRA Map of Types and
Physiographic Units of Landscape of Italy [37], the study area is classified as Terrigenous Hills Units,
consisting of terrigenous lithologies, with more or less contrasted morphology, and Terrigenous
Mountains Units in which the mountainous reliefs are characterized by terrigenous lithologies
consisting of marls, clays and sands. The high erodibility of these lithologies, along with the tendency
for the drainage network to deepen, contributes to the modest elevation of the reliefs, which are prone
to landslides and water erosion.

The 2018 ISPRA National Land Cover Map [38] with a spatial resolution of 10 m was used to
characterize land use and land cover. The map was obtained through the integration of data from the
Copernicus Program’s Land Monitoring Service with ISPRA’s Land Use data. The choice of the data
referring to 2018 was dictated by the fact that the most recent ES data, used for the computations, are
available for 2018 only. The study area has a strong agricultural vocation, mainly represented by
arable land; in fact, these areas characterize about 63% of the territory, followed by forests that occupy
25%, non-agricultural meadows that occupy just over 6%, and artificial surfaces that occupy just
under 5% of the territory, respectively.
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Figure 1. Study area.

The methodology is based on the use of a series of available map layers related to ES delivery to
develop a model, extendable to a national scale and replicable in other case studies, for the
identification of areas characterized by low ES provision or situation of ecological degradation where
environmental restoration interventions are needed. Interest fell on agricultural areas, especially
“Croplands” which occupy 50.83% of the entire area, to identify “valuable” areas, characterized by
high ES provision and adequate land capability, and those “degraded” to restore through NbS
interventions. Through Landscape Ecology analysis, a comparison was also made in terms of
ecological connectivity and functionality, carrying out a comparison between the current ecological
network arrangement present in the study area and a hypothetical scenario in which the areas
identified by the above model are subject to NbS interventions.
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Figure 2. Study workflow.
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2.2. Assessment of Ecosystem Services Provided in the Study Area
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The ES maps used were created with the InVEST (Integrated Valuation of Ecosystem Services
and Tradeoffs, provided by the Natural Capital Project) [39] suite of models, which provide
biophysical and economic analysis of the ESs delivered by the area. The software consists of several
independent packages to evaluate 17 ESs belonging to all 4 ES categories of the Millennium
Ecosystem Assessment (MEA) [40]. The model associates each land use class with a value of ES
delivery. What ensures quality and accuracy of the outputs is the ability to take advantage of accurate
inputs on land use and land biophysical characteristics, which are then used by the model to calculate
ES delivery in biophysical and, therefore, economic terms [41,42]. The cartography derived from the
integration of High-Resolution Layers [43], Corine Land Cover and the 2012 [44] national land use
map was used to apply the models [42].

The 4 ESs examined are carbon storage and sequestration, habitat quality, agricultural
production and pollination.

2.2.1. Carbon Storage and Sequestration (CSS)

Carbon sequestration and storage is a regulating service; all terrestrial ecosystems contribute to
providing this ES, but to varying degrees: in general, it can be said that the more natural the
ecosystem, the greater its capacity to store and sequester carbon. Natural and semi-natural
environments have the highest potential for sequestration and storage (Sallustio et al., 2015). The
estimation of this service in biophysical terms is done by spatializing the tons of carbon stored for
each land use type [42].

2.2.2. Habitat Quality (HbQ)

Habitat quality belongs to supporting services; in fact, it is used as a proxy for assessing the state
of land biodiversity [45]. Due to multiple pressures, such as land use change, sealing, urbanization,
etc., habitats are subject to degradation and alteration, ecosystem fragmentation, and reduced
ecological resilience. The INVEST model outputs a dimensionless index of quality ranging from 0 to
1; this index expresses values that are not absolute values of quality, but rather relative to the
environmental conditions of the study area: the value associated with each individual unit is derived
from the relationship between it and neighboring units [42].

2.2.3. Agricultural Production (AP)

Agricultural production is part of provisioning services, an important service when related to
the many areas used for productive purposes in agriculture. This service is influenced by climatic-
stational factors: latitude, climate, exposure, slope, altitude, etc., and by the type of use, whether
intensive or extensive. Soil consumption, in the context of agricultural production, leads to loss of the
service, in the present and in the future, since soil is a nonrenewable resource [45]. For the assessment
of this ES, the Average Agricultural Values were used, divided and spatialized for each agrarian
region [42]. The study area is characterized by 4 of the 7 agrarian regions of Molise (1, 2, 4 and 6
agrarian regions) [46].

2.2.4. Pollination (Pol)

Pollination is a very important regulating service; it is provided by pollinating animal
organisms, such as bees and bumblebees, and by agents such as wind and water. This service is
provided depending on the availability of nesting habitat and floral resources, climate, and the
foraging distance of pollinators, that is the distance that must be traveled to get to nectar and pollen
sources. Again, the IN'VEST model outputs a dimensionless Pollination Index ranging from 0 to 1,
depending on the suitability of a given portion of land to host pollinators [47].

For more details on the INVEST model and the mapping used, see ISPRA [42].
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Figure 3. InVEST maps. (a) CSS; (b) HbQ; (c) AP; (d) Pol.

2.3. Land Capability (LCap)

Land capability, also referred to as “natural use,” is an indispensable element in land use
planning and development policies. Indeed, land use that deviates greatly from its natural use causes
severe impacts to the environment, including soil erosion and reduced fertility (Aratjo Costa et al.,
2019). The land capability classification was developed by the U.S. Department of Soil Conservation
Service; it is useful for assessing the distribution of constraints, including slope, erosion risk, climatic
conditions, and soil depth, that create restrictions in, for example, agriculture. Eight classes have been
defined: the first four, with different propensities, are found to be appropriate for agricultural
activity, while the latter have more restrictions.

For further discussion, see Klingebiel A. & Montgomery [48].
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Figure 4. Land capability in study area.

2.4. Normalization of Criteria

Since the information used was totally heterogeneous, in terms of data types and units of
measurement, it was necessary to harmonize it, through normalization, in order to make it
comparable and usable by the model.

For the CSS, HbQ, Pol and AP services, normalization was performed on the minimum and
maximum values, i.e., by setting the minimum value of the service in the study area to 0 and the
maximum value to 1 and scaling the intermediate values linearly again.

As for the normalization of LCap, however, 0 corresponds to built-up areas, which have no
propensity for agricultural use, while 1, corresponds to areas with little or no restrictions, and
therefore with better propensity for agricultural use.

2.5. Multi-Criteria Analysis for The Assessment of Ecosystem Services and Identification of Valuable and
Degraded Areas

The approach used to identify areas for NbS is the one based on multi-criteria analysis (MCA).
MCA represents an umbrella concept that encompasses within it more than a hundred methods,
which evaluate an object by considering different dimensions of interest and the interactions between
multiple, often conflicting objectives and different decision criteria and metrics. The performance of
an option against the various objectives and criteria, which can be assigned different weights, in this
case from 0 to 1, are identified by scores. Higher scores are associated with higher performance [49].

The Analytic Hierarchy Process (AHP) method, developed by Thomas L. Saaty between 1971
and 1975 and later improved and integrated within spatially explicit models and tools (e.g., GIS), was
chosen. The method organizes information by having different criteria interacting in different ways
(alternatives) so that they are able to reflect their relative importance to the objective at hand [50]. The
criteria used for the analysis model were the four ESs and the LCap.

In order to give weight to each of the five criteria, an expert-based approach was followed by
administering a questionnaire to 19 experts in academia from the following disciplinary fields:
Forestry, Environmental Sciences, Biological Sciences, Economics and Natural Sciences. This
questionnaire was structured to compare all criteria with each other in pairs, assigning a relative
weight based on 5 options:

e  Equally important (1);

e  Moderately more important (3);
e  Strongly more important (5);

e  Clearly more important (7);

¢  Extremely more important (9).
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16 out of 19 experts answered to the questionnaire; each questionnaire was subsequently
analyzed using the Weight Tool of IDRISI Selva software to determine the relative weight, assigned
by each expert, to each criteria considered.

The software, in output, provides the relative weight of the criteria associated with each
questionnaire and the Consistency Ratio (CR). The CR is a measure of the consistency of the judgment
matrix. According to Saaty, the CR is acceptable if its value is less than 10% (between 0 and 0.10,
therefore); however, a value of up to 20% (<0.20) is also considered tolerable [51]. Of the 16 CR values,
6 are out of considered range acceptable/tolerable; therefore, they were not examined, as they were
not consistent according to the methodology adopted.

The relative values of the individual criteria defined by the questionnaires are shown in Table
1.

Table 1. Relative weights of considered criteria.

HbQ Pol LCap CSS AP CR
Q1 0.1687 0.1687 0.4195 0.0743 0.1687 0.03
Q3 0.5557 0.1193 0.0572 0.2337 0.034 0.10
Q4 0.2896 0.1367 0.2552 0.2724 0.0461 0.08
Q5 0.3349 0.1195 0.2945 0.1243 0.1268 0.2
Q7 0.3686 0.2339 0.1335 0.0546 0.2093 0.07
Q8 0.327 0.3643 0.1004 0.1376 0.0707 0.08
Q9 0.5131 0.259 0.0514 0.1481 0.0285 0.08
Q12  0.3257 0.3799 0.1101 0.1451 0.0393 0.08
Q13 04533 0.1148 0.1353 0.0821 0.2145 0.16
Q16  0.3188 0.2832 0.0699 0.2969 0.0311 0.15

The final weights to be given to the 5 criteria are shown in Table 2 and are equal to the average
of the relative weights given in Table 1. This sum must always be equal to 1.
For completeness, the standard deviation was also calculated for each criterion considered.

Table 2. Weights assigned to layers using expert based approach and respective standard deviation.

Criteria Weight Standard Dev.
HbQ 0.36554 0.11
Pol 0.21793 0.10
LCap 0.1627 0.12
CSS 0.15691 0.08
AP 0.0969 0.08

2.5.1. Weighted Sum of the Considered Criteria

Once all criteria were normalized, the weighted sum was performed using the weights
previously obtained. The final index, the Total Ecosystem Services Value (TESV) [52] was then equal
to:

TESV = ZHan*w+APn*w+Poln*w+SSCn*w+LCapn*w

where subscript 1 denotes the normalized 0-1 scale value of the individual ES while w denotes its
relative weight obtained by the expert-based approach. The TESV values range from a minimum of
0 to a maximum of 1.

2.5.2. Clustering of TESV Index: K-Means for Grids

In order to clearly identify valuable and degraded areas, the TESV index was clustered using the
K-means clustering algorithm “Hill-Climbing,” in the SAGA GIS environment.
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According to the eight land capability classes, eight clusters were generated, with a distribution
of increasing values from cluster 1 to cluster 8; cluster 1, i.e., the one characterized by lower ES
provision and lower agricultural land use predisposition, was considered, from which the areas of
“Cropland” were extracted in order to identify the areas to be targeted for NbS interventions.

2.6. Analysis of Changes in Terms of Landscape Fragmentation and Ecological Connectivity
2.6.1. Current Forest and Future Scenario

Once the arable land to be targeted for NbS interventions had been identified, starting from the
current forest area map (current scenario), a hypothetical future scenario (potential) was created, in
which the current forest area is added to the newly created areas related to the “Cropland” areas of
Cluster 1. In order to assess the possible changes in terms of ecological connectivity and functionality
in the two scenarios, maps of both the current and potential forest were produced. This analysis was
conducted using Landscape Ecology techniques, the discipline that studies and implements the
relationship between spatial pattern and ecological processes at multiple scales and organizational
levels [53].

2.6.2. Landscape Metrics

The ecological connectivity and functionality analysis of the two scenarios was conducted using
a set of class and landscape metrics referring to the land use class “Forest” by means of Fragstats 4.2
software [54].

The selected metrics are shown in Table 3.

Table 3. Selected class and landscape metrics.

CLASS METRICS LANDSCAPE METRICS
Patch Density (PD)
Landscape Similarity Index (LSI) Average Area (AREA_MN)
Total Core Area (TCA) Mean Radius of Gyration
Euclidean Nearest Neighbour Distance (GYRATE_MN)
(ENN_MN) Number of Disjunct Core Area
Euclidean Nearest Neighbor Distance (Area- (NDCA)
Weighted Mean) (ENN_AM) Disjunct Core Area Density (DCAD)
Percentage of like adjacencies (PLADJ) Aggregation Index (Al)

Normalized Landscape shape index (NLSI)

3. Results
3.1. Processing of the Final Cartography (TESV Index)

Figure 5a shows the spatial distribution of the TESV index, which in the study area ranges from
0.046 to 0.823, with the average value around 0.451 and coefficient of variation of 19.06%. Almost 45%
of the area is classified as intermediate clusters 4 and 5, the highest values are concentrated in the
south, and particularly the southwest, and northwest, while the lowest values are in the east range.

Figure 5b shows the spatial distribution of the TESV index ranked in the 8 clusters identified.
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Figure 5. a) Spatialized TESV index; (b) Clusters identified with K-means for grids from SAGA GIS.

Table 4. Range of values for each identified cluster (A), and area both in hectares and percentage by
cluster (B).

A B
Cluster Minimum value Maximum value Cluster Area (Ha) Area %
1 0.046 0.268 1 3470.3 3.37
2 0.268 0.348 2 8139.9 7.91
3 0.348 0.403 3 12930.2 12.57
4 0.403 0.446 4 18292.2 17.78
5 0.446 0.484 5 25334.4 24.63
6 0.484 0.529 6 20966.9 20.38
7 0.529 0.597 7 9011.6 8.76
8 0.597 0.823 8 4718.2 4.59

After the identification of the 8 clusters, it was possible to extract only the clusters area of
“Cropland” (Figure 6) (Table 5), in order to analyze the distribution of the clusters within this land
use class.
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Figure 6. Distribution of clusters according to “Croplands”.

Table 5. Percentage of individual clusters compared to the area of the class “Croplands”.

Cluster Area (Ha) Area %
1 740,09 1,42
2 3450,09 6,60
3 5991,32 11,46
4 10637,76 20,35
5 16843,73 32,22
6 12116,36 23,18
7 2012,49 3,85
8 482,88 0,92

3.2. Cartography of Valuable Areas

The cluster 8 was identified as those areas considered “valuable” due to TESV values between
0.597 and 0.823 (Figure 7b).

These areas cover an area of 4718.2 hectares, the 4.59% of study area, and are mainly located in
the southwest. Only 10.23% of these areas (482.88 Ha) are “Croplands”, 9.5% of total valuable areas
(448.23 Ha) are Natura2000 areas.

3.3. Cartography of Degraded Areas

The areas to be allocated for NbS are the most degraded of agricultural land use, and specifically
cluster 1 of “Croplands” (Figure 7a), within representing 1.42% of the class (740.09 hectares), this
portion are 0.72% of the entire study area.

22.62% (750.21 hectares) of “Arable land” in cluster 1 are Natura2000 areas.
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Figure 7. a) Cluster 1 areas with detail on those falling under Croplands; (b) Cluster 8 areas with detail
on those falling under Croplands.

3.4. Future Scenarios: Potential Forest

By transforming the Croplands of Cluster 1 into forests and adding them to the ‘Forest’ class, it
was possible to obtain the map of potential forests, the situation that would occur if these agricultural
areas were subject to NbS interventions (Figure 8). The current “Forest” covers an area of 25976.06
hectares, while the potential forest would have an area of 26718.36 hectares, with an increase of 2.86%
over the baseline situation (+742.30 hectares).

In the current scenario, 18.20% of the “Forest” (4727.38 hectares) are Natura2000 areas; in the
potential scenario, however, these increases of 49.38 hectares.

4600007 5000007
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Figure 8. Potential forest. In red the newly added areas (cluster 1 Croplands).
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3.5. Analysis of Metrics

To investigate how connectivity and ecological functionality varies between the two scenarios,
current forest and potential forest, class and landscape metrics were calculated using Fragstats
software.

Below, in Table 6, there are the results obtained as outputs for the class metrics:

Table 6. Class metrics: comparison between current and potential forest.

Metrics Current Forest Potential Forest
PD 4.8177 7.6036
LSI 96.6678 109.9036
TCA 26269.55 27011.85
ENN_MN 50.9801 44.3603
ENN_AM 28.2223 26.0803
PLAD] 94.0350 93.3110
NLSI 0.0591 0.0663

Analyzing the difference between current forest and potential forest (Table 6), it's evident that
Patch Density (PD) increases, in line with the addition of new patches from agricultural land. Same
trend can be seen with the Landscape Similarity Index (LSI), as the increase in forest class patches
automatically makes them less rare. The increase in Total Core Area (TCA) is interesting: this denotes
an increase in patch contiguity and a reduction in fragmentation and edge effect. Euclidean Nearest
Neighbor Distance (ENN_MN) decreases: this means that the distance between patches decreases as
their number increases, even in areas initially lacking “Forest” land use class; this is confirmed by
Euclidean Nearest Neighbor Distance (Area-Weighted Mean) (ENN_AM). The reduction in the
Percentage of Similar Adjacencies (PLADJ) shows a reduction in patch density not due to a reduction
in number but to a greater dispersion of patches, resulting in greater fragmentation of the forest due
to the addition of new patches. In addition, the increase in Normalized Landscape Shape Index
(NLSI) is indicative of greater class complexity and irregularity.

In Table 7 there are the results obtained as outputs for the landscape metrics:

Table 7. Landscape metrics: comparison between current and potential forest.

Metrics Current Forest Potential Forest
AREA_MN 2.7146 1.7686
GYRATE_MN 28.9786 22.7855
NDCA 9677 15273
DCAD 4.8177 7.6036
Al 94.0930 93.3679

The “landscape” metrics considered (Table 7) are in line with the considerations made above for
the ‘class’ metrics. The Average Area (AREA_MN) increases due to the addition of new smaller forest
patches. Also, the decrease in Mean Radius of Gyration (GYRATE_MN) represents a reduction in the
dispersion of patches around their center of mass, hence greater connectivity. The increase in Number
of Disjunct Core Area (NDCA) denotes the increase in core areas, i.e., the increase in portions of
habitat that are far from the edge and not affected by the edge effect, supported by the increase in
Disjunct Core Area Density (DCAD). The reduction in Aggregation Index (Al), moreover, tends to
emphasize a lower aggregation of particles, mainly due to the increase of forest patches even in areas
that were initially devoid, and consequently a greater dispersion of patches.

4. Discussion

4.1. Analysis Model
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While developing the analysis model, it became early clear that there was a paucity of literature
on the subject, not a lot for what concerns mapping ESs, which are widely covered and studied, but
more for identifying areas characterized by poor ES delivery to be improved through NbS. Among
the few examples of models found, it was decided to base this study on the one conducted by the
working group of the University of Molise, in collaboration with ISPRA, on the Metropolitan City of
Rome (MCR) [55], whose aim was the identification of agricultural areas of greater and lesser value.
MCR model used 4 ESs (CSS, QHb, Imp and PA), then normalized and simply summed together. In
this study, as well as adding the information related to LCap, which influences the capacity of ESs to
be delivered, it was decided to include an expert-based approach to get the weight of individual
criteria to finally define TESV index.

However, there are still some aspects to be improved, first of all the importance to expand the
panel of experts to whom the questionnaires should be administered; the academic field was chosen
to have the guarantee of the competence of the people surveyed, but it could be considered to
administer it also to other stakeholders, such as policy makers but also environmental associations,
experts in the field, in order to have a broader picture in the definition of this index.

Another limitation is related to the difficulty of finding information regarding the nature of
ownership, public or private, of the identified areas. It would be useful to investigate in this regard
to check the feasibility of projects aimed at improving the delivery of ES by minimizing the
implications for private properties or by providing for public/private agreements aimed at improving
the return for both [56].

The proposed model is easily replicable, even at the national scale; the availability of national
data regarding the 4 ESs considered, made by ISPRA, would allow for a large-scale analysis. The only
limitation might be the availability of a LCap map at the national scale: in fact, it has been verified
that a good part of the Italian regions has such a map, but it is not immediately available for
download. In the case, however, a geometric and thematic harmonization operation would be
necessary due to the different scales of realization and the possible different classification systems
adopted.

4.2. Distribution of Clusters

Looking at the distribution of the TESV index throughout the study area, it is possible to state
that the most prevalent values are the average ones. In fact, the most represented clusters are Clusters
4,5 and 6 (values between 0.403 and 0.529), with an average TESV of 0.451. In fact, the valuable areas
(Cluster 8) together with those of lesser value (Custer 1) occupy less than 8 percent of the entire
territory; if only agricultural areas are analyzed, out of the total of about 52274 hectares, the
percentage of the territory occupied by Clusters 1 and 8 is 2.34 percent. Parallel to the need to take
action on the rehabilitation of low TESV areas, the low presence of high value agricultural areas
triggers considerations as to whether NbS should be used to increase them.

To analyze the location of degraded areas, a 60-m buffer was made around the urban land use
of the ISPRA land use map (code 11000), in accordance with SNPA [16], to identify areas subject to
influence by anthropogenic disturbances and to assess the percentage of degraded areas that fall
within this buffer. Of the 3470.3 total hectares in Cluster 1, 70.61% fall within the buffer, while of the
740.09 hectares of arable land in the same Cluster, 86.18% (2990.7 Ha) fall within the buffer (Figure
9).
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Figure 9. Degraded areas and 60 m urban buffer.

This is in line with the values of the HbQ service, which is also the ES given the highest relative
weight by most experts, which is why it is also the most relevant following the averaging of relative
weights in determining TESV. Indeed, as stated by Sallustio et al. [45], the quality and degradation
of habitats are highly dependent on the distribution and intensity of anthropogenic impacts, and
consequently also on the proximity of the disturbance, as well as on the suitability (suitability) of a
given portion of land to host species and habitats. The impact on HbQ increases as the distance from
the disturbance decreases. The fact that the areas of greatest degradation fall largely within the buffer
is a significant finding: targeted interventions could, in fact, encourage, on the one hand, an increase
in the quality of contiguous agricultural areas (e.g., through agroforestry facilities, which would
increase the supply of ESs within the areas under consideration), but also prevent further land
consumption due to unprofitable agricultural areas, which could be abandoned or built upon, which
would further implement land consumption and the deterioration of the structural and functional
characteristics of the landscape matrix as a whole.

4.3. Connectivity

Linear soil sealing (e.g., roads and highways) plays a real barrier effect to migratory routes and
animal movements in general, thus resulting in a serious threat to biodiversity [57].

In this regard, Landscape Ecology’s analysis was useful in highlighting an increase in dispersion
of the forest land use class, due, however, not to the fragmentation of existing patches, as they have
not been reduced or converted to other land uses, but to the increase in number of small forest patches
(“Croplands”, Cluster 1) within areas initially devoid of this land use. A further problem is that
unfortunately in some agricultural landscapes these small forest patches are decreasing, even in
Molise [58]. Another relevant thing is the increase in core areas as well as increased patch complexity
and irregularity, highlighted respectively by the TCA and NLSI class metrics together with DCAD
landscape metric. Although forest fragmentation and disaggregation increase, the ENN_MN and
ENN_AM class metrics emphasize greater connectivity. In fact, the increase in the number of smaller
patches decreases their spacing, which give the possibility to assume better connectivity at the
landscape level, which is highlighted by the GYRATE_MN landscape metric. The newly added
patches can be configured as true stepping stones, fostering connectivity and movement of species,
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and represent the starting point for the creation of continuous linear elements and green corridors,
mainly close to the road network, also in line with the National Urban Green Strategy [2], whose
purpose is to implement the Ecological Network at the national level, fostering connectivity between
different areas (human, agricultural and natural).

4.4. Which NbS?

The choice of NbS to be used to improve the delivery of ES is mainly dictated by the
characteristics and location of degraded areas. For rehabilitation and improvement of areas close to
roads, one might consider investing mainly in green corridors or peri-urban forests. Much depends,
however, on the type of ES to be enhanced, the available budget, and other policy-planning
requirements.

Important in general is the planting of trees, either isolated or in groups, which are considered
the best natural element to increase the spectrum of ES disbursed [21]; tree planting, in fact, would
play a positive role in increasing connectivity and ecological restoration. Also not to be
underestimated is the aesthetic perception of the landscape and how it might improve as a result of
tree planting. The survey conducted by Di Cristofaro et al. [59], in fact, emphasized the aesthetic
preference toward landscapes rich in out-of-forest trees in anthropized contexts, confirming the
theory that the most common landscape preference is for increased exposure to nature, even more so
if in highly built-up contexts.

Ultimately, the present experiment has highlighted the validity of the TESV index for identifying
degraded areas and areas of value as a tool to support wide-area spatial planning, as a connecting
element between guidelines and policies at the national scale and the detailed planning level at the
municipal scale, in line with [55].

5. Conclusions

The MCA applied for the identification of agricultural areas for NbS interventions seemed
suitable for achieving the outlined objective; it would be possible to implement and validate it in a
way that would make it more effective and extendable to various realities, including at the national
level. The provision of ES in urban and peri-urban areas, in fact, is an increasingly topical and relevant
issue, considering that built-up land is expanding and this brings with it a number of future
challenges; land consumption is increasingly impactful and, in order to improve the lives of citizens,
as well as the quality of productive agricultural land, it is important to incentivize such provision.
NDbS could ultimately be the central aspect of achieving this goal, in a variety of forms.

Moreover, this methodology could be an excellent support at various levels of planning, first
and foremost at the municipal level, where there is often a shortage of funds to conduct ground
surveys, in order to direct management policies and implement the structure of ecological networks
at the national level, reducing fragmentation and fostering greater connectivity between urban,
agricultural and natural areas, and improving the delivery of a multitude of ES, including cultural.
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