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Abstract: Urban–rural interfaces represent complex systems that require complex solutions for
sustainable development and resilience against pollution, habitat fragmentation, biodiversity loss
and impaired flux of ecosystem services (ES). Green infrastructure (GI) is increasingly recognised as
an effective tool for addressing such a complexity, but needs priority setting to maximise benefits
and minimise drawbacks of implementation. Therefore, a prioritisation approach focused on
biodiversity and ES in peri-urban areas is required. In the present work, a systematic and hierarchical
framework is proposed for setting priority GI objectives, location and actions aimed at enhancing
local biodiversity, ES flux and farming sustainability in urban peripheries. By means of a case study
in the Metropolitan City of Rome, the framework allowed identification of the main demand for ES
and biodiversity; the most suitable location for GI implementation; and the best cost-effective actions.
The GI implementation showed an improvement in terms of wooded hedgerow density, an increase
regarding the ecological connectivity of riparian ecosystems, and an increment of agroecosystems
designated to enhance the ecological network and wildlife support. Finally, the prioritisation
framework contributes to fostering environmental benefits while complying with regulations and
management practices from the regional to the farm/field decision level.

Keywords: urban–rural interface; natural biodiversity in agroecosystems; ecosystem condition;
ecological connectivity; hedgerows; river corridors

1. Introduction

Exploitation of land resources for human needs, such as soil consumption for urban development
and intensive agriculture, is growing worldwide with rising pressures on ecosystems and their
services [1,2].

Urban–rural interfaces represent complex systems due to contrasting land use/land cover dynamics,
especially residence sprawl vs. maintenance of productive soils and crop abandonment vs. agricultural
intensification [3–7]. These dynamics interact with planning and management processes [8–10],
resulting in the need for complex solutions aimed at making peri-urban areas sustainable and resilient
with respect to pollutant generation and dispersion, habitat fragmentation and biodiversity loss [11–13].

The deployment of green infrastructure (GI), a strategic initiative in Europe for reducing the loss
of biodiversity and enable ecosystems to deliver their services to people and nature [14], is increasingly
recognised as an effective tool for addressing such a complexity [15–17]. Manifold interpretations
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to the GI concept are available in the international academic literature, which alternatively focus on
recreation, public health, stormwater management, climate change adaptation, habitat fragmentation or
on different combinations of these targets [18]. Nevertheless, at the EU level GI is officially defined as a
“strategically planned network of high quality natural and semi-natural areas with other environmental
features, which is designed and managed to deliver a wide range of ecosystem services and protect
biodiversity in both rural and urban settings” [14].

On the basis of the above-mentioned definition, GI represents a multifunctional tool that allows
multiple challenges to be concurrently faced [19,20]. These include different targets of the EU
Biodiversity Strategy for 2020 (especially Target 2 on ecosystem maintenance and restoration, Target 3
on sustainable agriculture and forests, and Target 4 on biological invasion control) as well as definite
aspects of the UN Sustainable Development Goals (SDG) for 2030 (e.g., the promotion of sustainable
agricultural production for SDG 2, promotion of green and resilient cities for SDG 11, and climate
change adaptation and mitigation planning for SDG 13) [21–24].

Multifunctional GI involving urban peripheries may favour the local flow of ecosystem services
(ES) between interwoven providing and benefitting areas [25,26]. Since good ecosystem conditions are
the prerequisite for sustaining this flow [27], restoration efforts are particularly required in peri-urban
natural and semi-natural ecosystems that are affected by heavy pressures and impacts [28]. Similarly,
conservation actions are recommended when ecosystem conditions are suitable for maintaining this
flux of ES.

In order to maximise benefits and minimise trade-offs by means of GI, a priority setting for
restoration and conservation actions focused on biodiversity and ES is still needed [29,30]. Indeed, the
EU Biodiversity Strategy endorses prioritisation as a strategic approach for increasing the effectiveness
of these actions [22]. Consequently, some methods aimed at identifying priority features for GI
implementation have recently emerged [31,32], which have been alternatively focused on ES (i.e.,
what a GI should mainly provide), locations (i.e., where a GI could be best deployed) and actions (i.e.,
how a GI may improve ecosystem conditions as well as increase the capacity to deliver ES) [27,33,34].
Notwithstanding prioritisation processes in the context of GI deployment have been applied in several
urban areas [35–38], common paradigms to define priorities in rural and peri-urban areas are still
lacking and available experimental evidences are mainly limited to coarse scale investigations [39,40]
and/or adoption of planning procedures that overlook explicit priority-setting [41]. Therefore, on the
basis of a case study carried out in the Metropolitan City of Rome, the paper is aimed at outlining
prioritisation phases that are suitable for planning GI in peri-urban agricultural landscapes affected by
severe urban expansion. The study highlights the key role of prioritisation of objectives, locations and
actions, at multiple scales and for different decision levels, to simultaneously approach biodiversity
and ES concerns.

2. Materials and Methods

2.1. Study Area

The Metropolitan City of Rome embraces the Municipality of Rome, capital of Italy, and 120 minor
municipalities. It is on the central-western side of the Italian peninsula and belongs to the Roman Area
Ecoregion, which is characterised by climatic and physiographic features supporting an agricultural
exploitation of land since ancient ages [42,43]. The historical agricultural matrix has been increasingly
threatened by urban fabric expansion, causing shrinking, fragmentation and degradation of valuable
agroecosystems [44,45]. These processes are especially marked in the eastern part of the metropolitan
area [46].

For the present study, the peri-urban sector of the eastern metropolitan area, named Ancient
Agro Romano, has been considered. The focus is on the urban–rural interface across the
municipalities of Rome (with a population density of 2018 inhabitants/km2), Guidonia Montecelio
(1055 inhabitants/km2) and Tivoli (774 inhabitants/km2) [47] (Figure 1), which is characterised by a
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transitional sub-Mediterranean bioclimate. The typical geomorphology of the wider ‘Agro Romano’, an
extensive undulating volcanic plain dissected by the drainage network, is specifically characterised in
the study sector by an ignimbrite plateau, together with travertine outcrops, clayey hills and lava flows,
crossed by the alluvial plain of the Aniene River, one of the main tributaries of the Tiber River [42].
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Figure 1. Geographical location of the study area and spatial arrangement of the administrative units.

2.2. Overall GI Design Process

For the GI design, the multi-step planning process applied in an urban sector of the Municipality
of Rome [48] was resumed and properly customised to the peri-urban agricultural setting at issue.
Therefore, for each of the steps ‘Selection of the objective’, ‘Definition of project site’, and ‘Definition of
GI components/actions’ (Figure 2a), specific prioritisation criteria (Figure 2b) that operate at different
scales and decision levels (Figure 2c) were defined:

• Step A—Definition of priority GI objectives, considering the synergic demands for biodiversity
restoration/conservation and ES provision at the landscape scale (metropolitan/regional
decision level);

• Step B—Identification of a priority location for GI deployment, according to the spatial overlay
of critical issues for both biodiversity and ES at the countryside scale (municipal/sub-municipal
decision level);

• Step C—Definition of priority restoration and conservation actions, according to ecosystem extent
and condition at the site scale (farm/field decision level).

At the end of the process, a recognition of the environmental benefits potentially provided by GI
interventions was performed.
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ES = ecosystem services; + = high; − = low.

2.2.1. Step A—Prioritisation of GI Objectives

In the broader framework of sustainable agricultural land-use, the prioritisation of GI objectives
was based on the analysis of impacts that urban expansion and agricultural intensification cause on
natural biodiversity and ES capacity in the considered peri-urban sector (Figure 2, step A).

Priority demands for biodiversity restoration and conservation were derived from indicators on
ecosystem condition and pressures, as reported in available scientific literature and technical reports of
regional and metropolitan plans. In particular, these data include: (i) the information joined to the
Land Ecological Network of the General Provincial Territorial Plan and concerning the occurrence and
distribution of species and vegetation communities, as well as the conservation status of ecological
land units [49–52]; (ii) the regional maps and descriptive documents of protected areas and Natura2000
sites (according to the EU Habitats Directive 92/43/EEC) [53]; (iii) different land use/land cover maps
and the accompanying assessments of change trends [52,54,55] and (iv) the information joined to the
Regional Water Conservation Plan [56] and concerning the quality of water bodies and river basins
(according to the Water Framework Directive 2000/60/EC).

To infer the priority demands of ES, the bundle of services (i.e., the set of ES linked to a given
ecosystem and repeatedly appearing together across time or space; [57,58]) provided by agricultural
systems was explored [59–62]. Apart from provisioning ES, which strictly depend on human
management (e.g., food production) and are weakly related to the main interest of the project into
natural biodiversity restoration and conservation, regulating and cultural agroecosystem services that
are relevant to the study area were identified by a review of the available scientific and grey literature.

2.2.2. Step B—Prioritisation of GI Location

A priority site for GI deployment (Figure 2, step B) was selected by means of spatial co-occurrence
of critical features arising from the previous step. Namely, it was driven by: (i) setting in an urban–rural
interface, with still prevalent agricultural land use but with marked recent urbanisation trends; (ii) low
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conservation status of the ecological land units, together with low naturalness of the vegetation cover
and low species richness; (iii) presence of a main water course, in a poor ecological status and facing
very high pressures from pollution sources; (iv) scarce coverage of protected areas (i.e., natural or
agricultural parks, Natura2000 sites, core areas of the Land Ecological Network).

The grid of 2 km × 2 km cells, which has been employed for the species distribution maps
accompanying the General Provincial Territorial Plan (i.e., vascular plant, mammal, bird, amphibian
and reptile species richness and conservation concern) [52], was adopted for delineating the site. On
the one hand, the adoption of grid cells allowed the information about species to be properly combined
in the site selection process and, on the other hand, it facilitated the next prioritisation phase to be
performed (Figure 2, step C). Actually, multiple ecosystems and other land use/land cover types occur
in each cell and are arranged in different ways. Therefore, these occurrences and arrangements were
deemed suitable for measuring the degree of urbanisation across the study area as well as for assessing
ecosystem condition within each cell of the urban–rural gradient [63,64].

2.2.3. Step C—Prioritisation of GI Restoration and Conservation Actions

Priority restoration and conservation actions (Figure 2, step C) were set on the basis of fine-grained
mapping and assessment of ecosystems in the selected site.

For this purpose, a land use/land cover map of the selected 15 grid cells was manually created by
photo-interpretation of aerial imagery. ArcGIS BaseMap from 2015 with a resolution of 0.5 m was used
and photo-interpretation was conducted at a scale of 1:2000. The adopted minimum mapping unit for
areal elements was 0.5 ha and the adopted minimum width for stretched elements was of 5 m. Such a
minimum width allows the spatial continuity of important GI components, that is river courses and
riparian vegetation, to be always represented in the map.

Land use/land cover types were classified by combining the thematic information of the Lazio
Region land use map at 1:10,000 scale [65], which extends the EU Corine Land-Cover legend up to the
IV/V hierarchical level, with the thematic information of the vegetation cover Map of the Province of
Rome at 1:25,000 scale [51]. Such an integration allowed the identification of the different ecosystem
types occurring in the study area [66].

In keeping with the EU ‘Mapping and Assessment of Ecosystem and their Services’ (MAES)
approach [67], cropland systems have been considered as agroecosystems, i.e., “managed ecosystems
supporting semi-natural vegetation along food production”. Croplands may include cultivated
and domestic habitats, including associated landscape elements, as well as significant coverage of
natural vegetation when arranged in agricultural mosaics. Accordingly, linear semi-natural features,
which play an important role for biodiversity and ES in agricultural lands [68,69], were mapped in a
separate layer.

The thematic accuracy of the resulting maps was improved by field validation in accessible sites
and by open source geovisualisation tools, i.e., Google Street View and Bing Maps, for inaccessible sites.

In line with the main policy question beyond the study, GI components were selected among
agricultural surfaces and residual vegetation communities as ecosystems that actually or potentially
host natural biodiversity and have the capacity to provide the ES identified by means of the first
planning step.

Therefore, restoration/conservation actions were prioritised after the assessment of the respective
ecosystem conservation status of such GI components. Criteria for the assessment were customised
from those adopted for the implementation of the MAES process at the national level [70] and included:

1. The environmental quality of different ecosystem types (determined according to the degree of
soil sealing, the impact of agricultural practices on ecological resources and processes and the
distance from potential natural vegetation) [71,72];

2. The degree of urbanity/rurality of grid cells (determined by the relative extent of artificial,
agricultural and natural cover types and the contacts between them);
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3. The conservation status in structural terms of ecosystem patches occurring in each grid cell
(determined according to patch extent and presence/absence of linear semi-natural elements);

4. The conservation status in terms of spatial configuration of ecosystem types in each grid cell
(determined according to measures of ecosystem isolation and quality of the spatial contacts).

Digital maps were created and analysed by using ESRI ArcMap 10.1, while landscape metrics
were calculated using the spatial pattern analysis software FRAGSTATS 4 [73]. Namely, the Euclidean
Nearest-Neighbour Distance (ENN) between semi-natural ecosystem patches was measured as a proxy
for isolation, while contacts between different land use/land cover classes were analysed as a proxy for
both land use intensity (contacts between agricultural and artificial surfaces) and riparian corridor
integrity (contacts between water course and riparian forests).

Additionally, a list of woody species to be primarily adopted for restoration actions was compiled.
In order to effectively respond to the biodiversity objective of the GI, the list included trees and shrubs
that are native of the Roman Area Ecoregional Subsection and are coherent with the potential natural
vegetation of the site [43,74–76]. Regarding the enhancement of ecological connectivity, plant dispersal
capacity and positive relationships with faunal biodiversity were taken into account. Thus, species
with short-distance dispersal potential and/or high capacity to provide food and shelter for wild
animals were considered relevant [48,77–79]. The suitability to support wild pollinators was derived
from regional lists of melliferous flora, which display plant species with a significant nectar, pollen or
honeydew production capacity [80,81].

2.2.4. Recognition of Expected Benefits

The recognition of environmental, social and economic benefits represents the final step for
effectively promoting GI implementation.

In keeping with the primary focus of the present research, the assessed benefits were limited to
the environmental sphere and, in particular, to the improved density of wooded hedgerows within the
agricultural matrix, the increased ecological connectivity of the riparian ecosystems, and the extent of
agroecosystems designated to enhance the ecological network and to support wildlife. These biophysical
values were estimated by comparing the initial and the simulated post-intervention situation.

3. Results

3.1. Priority GI Objectives in the Ancient Agro Romano Metropolitan Sector

The available scientific literature and technical reports highlight that land take processes have
markedly shrunk and fragmented natural ecosystems in the analysed peri-urban agricultural landscape.
Therefore, according to the recognised critical features in terms of ecosystem condition and pressures
(Table 1), the following priority objectives for biodiversity restoration/conservation in the Ancient
Agro Romano were derived from the combination of recommendations provided by the metropolitan,
regional and river basin authorities:

• Enhancement of ecological connectivity, especially in the agricultural matrix and along river
corridors, wherever the richness of species of conservation concern and landscape conservation
status are low and the ecological status of water courses is poor [42,52];

• Restoration of vulnerable and biogeographically representative communities, especially mixed
woods with Quercus cerris and Q. virgiliana/Q. pubescens, Quercus cerris woods with Carpinus
orientalis, and riparian vegetation mosaic wherever natural and semi-natural vegetation is heavily
shrunk and fragmented [52];

• Forest planting and plantation of trees and shrubs throughout the agricultural matrix especially
in land units with low landscape conservation status, such as alluvial plains and lava flows, and
wherever the pressure on the Aniene River course from diffuse sources is very high [50,52];
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• Improved balance between quarry activities and biodiversity conservation in the travertine
outcrop land unit that shows a very low conservation status [52];

• Enhancement of environmental protection tools wherever the number and extent of protected
sites are very limited, i.e., realisation of the Ancient Agro Romano Metropolitan Park and of the
Provincial Park of the River Aniene corridor, creation of buffer zones around the Natura2000 sites,
and strict preservation of the ecological corridors of the Land Ecological Network [52,56];

• Promotion of land-saving urban forms and conservation of the traditional agricultural landscape
wherever the incidence of urban sprawl is high [46,54,55,82];

• Enhancement of self-healing capacity and banks stabilisation of the river courses by means of
restored riparian vegetation [56];

• Restoration of the entire floodplain by means of morphology and vegetation requalification [56].

Table 1. Critical features that underpinned the selection of priority GI objectives for biodiversity
restoration/conservation in the Ancient Agro Romano metropolitan sector. Type of indicators:
C = Condition; P = Pressure. Territorial level: M = Metropolitan City; R = Region.

Indicator Type Territorial
Level Description

Critical
Conditions and Pressures

Occurring in the Ancient Agro Romano

Species occurrence and
distribution C M

Number of species per 2 km × 2 km grid
cells in the Ancient Agro Romano (129 out
of the 1560 cells of the Metropolitan City)

Prevailing very low richness and uneven
distribution of species of conservation
concern
(52% of cells without records; 32% of cells
with less than 5 species; 8% of cells with
6–10 species; 5% of cells with 11–20 species;
3% of cells with more than 20 species)

Natural and
semi-natural
vegetation occurrence
and distribution

C M
Number, extent and isolation of
autochthonous forest patches in the
peri-urban area

Persistence of small and isolated fragments
of autochthonous forests
(235 patches with a mean area of 7 ha and a
mean distance from the nearest
neighbourhood of 338 m)

Landscape
conservation status C M

Index of Landscape Conservation (ILC)
measured for distinct ecological land units
in the peri-urban area (the index varies
between 0.0–high level of artificialisation
and 1.0–high level of naturalness)

Low conservation status of occurring
ecological land units
(0.2 < ILC ≤ 0.4 for alluvial plains,
travertine outcrops, detritic fans and
polygenic conglomerates, clayey hills,
volcanic hills, lava flows)

Protected areas;
Natura2000 sites; main
components of the
Land Ecological
Network (LEN)

C R Number and extent of protected sites
within the Ancient Agro Romano

Lack of protected areas;
2 Natura2000 sites/core areas of the LEN
(931 ha);
Lack of buffer zones of the LEN

Quality of water bodies C R
Combined assessment of the biological and
physical-chemical status of the Aniene
water course in the peri-urban area

Ecological status varying from ‘moderate’
to ‘poor’

Land use/land cover
changes P M

Intensity and typology of changes in the
peri-urban area in different time-spans
(1954–2001; 1960–2008)

High incidence of urban sprawl

Environmental quality
of the river basins P R

Load of pollutants (organic materials and
nitrogen) from agriculture, industry,
population in the Aniene River Basin

Very high pressure on the water courses
from diffuse sources

Concurrently, the bundle of regulating and cultural ES potentially provided by agroecosystems,
which was recognised of local relevance and should be particularly enhanced by the GI deployment,
includes: erosion control [83]; flood protection [52,84]; pollination support [85]; nursery populations
and habitats maintenance [86]; soil fertility regulation [87]; water quality regulation [56]; experiential
and physical use of plants, animals and landscape [87]; landscape assets protection [52,87]; existence
and bequest preservation [42].

3.2. Priority Location for GI Deployment at the Urban–Rural Interface

The selected location for GI deployment consists of 15 grid cells of 2 km × 2 km each, along the
Aniene River, for a total area of 6000 ha (Figure 1). It is located at the interface between the urban
area of Rome and the surrounding traditional agricultural landscape of Agro Romano, encompassing
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different stages of the urban-to-rural gradient. Current artificial surfaces result from typical dynamics
of the municipalities close to the main city, which underwent a marked increase of relatively compact
land take between 1961 and 1981 and a successive sprawling phase with dispersed new settlements in
more recent periods.

All the critical features listed in Table 1 occur in the site. Species of conservation concern per
cell vary between 0 (in 7 cells) and 3 (in 1 cell), with respect to the highest value of 36 species per
cell occurring in the immediately surrounding natural area. The landscape conservation status of all
occurring ecological land units, i.e., alluvial plains, pyroclastic hills, clayey hills, travertine outcrop
plains and lava flows, is ‘low’. Natural vegetation cover is even more reduced and fragmented with
respect to the overall Ancient Agro Romano, where forest cover is yet limited to 6% of the total surface.
Moving towards the city of Rome, the ecological status of the River Aniene varies from ‘moderate’ to
‘poor’ and pressures by Nitrogen pollution in the river basin vary from medium (4.8–7.8 t/year/km2) to
very high levels (14.2–20.6 t/year/km2).

Being the institution of an ‘Agricultural Park of Ancient Agro Romano’ still a proposal, the
only protected area, as well as the unique core area of the metropolitan Land Ecological Network,
is the Natura2000 site of ‘Travertine and Acque Albule’. It preserves few rare and vulnerable plant
species (e.g., Chaenorhinum rubrifolium, Clypeola jontlaspi, Agrostis monteluccii) and two EU priority
habitats (6220-Pseudo-steppe with grasses and annuals of Thero-Brachypodietea and 6110-Calcareous or
basophilic grasslands of Alysso-Sedion albi) [88].

3.3. Priority GI Restoration and Conservation Actions

The land use/land cover map of the site (Figure 3) displays an agricultural landscape matrix
(about 3180 ha, 53% of the total surface), which is mainly composed of croplands belonging to the low
environmental quality class (1802 ha of non-irrigated arable land and 102 ha of permanently irrigated
land) and, secondarily, to the medium-low environmental quality class (320 ha of permanent crops).
Artificial areas, all belonging to the very low environmental quality class, are the second prevalent
cover type (about 2200 ha, 37% of the total surface) and are mainly composed of discontinuous urban
fabric (1081 ha). Natural and semi-natural ecosystems are limited to less than 10% of the total surface
(about 580 ha) and are mainly composed of ‘Transitional woodland scrub’ (160 ha, high environmental
quality class), ‘Quercus cerris woods with Carpinus orientalis’ (145 ha, very high environmental quality
class), ‘Deciduous shrublands with Prunus spinosa and Ulmus minor’ (115 ha, high environmental
quality class) and ‘Hygrophilous riparian woodland with Salix alba and Populus sp. pl.’ (110 ha, very
high environmental quality class).

In general, all permanent crops, heterogeneous agricultural areas and residual natural and
semi-natural ecosystems, were designated as GI components to be always preserved for biodiversity
conservation and ES provision with any further prioritisation (Figure 4b). Permanent crops and
heterogeneous agricultural areas are intrinsically rich in terms of biodiversity and their environmental
quality ranges from medium-low to medium-high (Figure 3). Residual natural and semi-natural
ecosystems have an environmental quality ranging from medium-high to very high (Figure 3).
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Concurrently, patches of non-irrigated arable land, with an assigned low environmental quality
(Figure 3), were designated as GI components for placing restoration actions in keeping with the main
GI objectives set for the entire Ancient Agro Romano (see sub-Section 3.1) and according to the degree
of urbanity/rurality of the grid cells.

As for the latter, the following types were recognised (Figure 4a):

• Rural cells (2 out of 15), which are characterised by an agricultural matrix (ranging from 55% to
62% of the cell’s surface) with relatively high persistence of (semi-)natural ecosystems (ranging
from 24% to 27%) and small amount of shared contacts between agricultural and artificial surfaces
(ranging from 9% to 23% of the overall contacts of agricultural surfaces);

• Sub-rural cells (8 out of 15), which are characterised by an agricultural matrix (ranging from 53%
to 72% of the cell’s surface) with relatively high coverage of artificial areas (ranging from 19 to
40%), from very few to few persisting (semi-) natural ecosystems (ranging from 0.1% to 13%), and
large amount of shared contacts between agricultural surfaces and artificial areas (ranging from
42% to 65% of the overall contacts of agricultural surfaces);

• Sub-urban cells (2 out of 15), which are characterised by an artificial matrix (ranging from 53%
to 59% of the cell’s surface) with relatively high coverage of agricultural surfaces (ranging from
25% to 36%), few persisting (semi-) natural ecosystems (ranging from 11% to 13%), and small to
medium share of contacts between agricultural surfaces and artificial areas (ranging from 16% to
40% of the overall contacts of agricultural surfaces);

• Urban cells (3 out of 15), which are characterised by an artificial matrix (ranging from 60% to 80%
of the cell’s surface) with relatively low coverage of agricultural surfaces (ranging from 12% to
32%), very few persisting (semi-) natural ecosystems (ranging from 5% to 9%), and very large
share of contacts between agricultural surfaces and artificial areas (ranging from 74% to 85% of
the overall contacts of agricultural surfaces).

For each type of cell, the following specific restoration actions were established (Figure 4b) and
pertaining priority was assigned with respect to the structural and configurational conditions of
ecosystems:

• In rural cells the improvement of landscape elements density for enhancing the ecological
connectivity was set as the main restoration action. In this case, restoration priority was given to
the densification of woody landscape elements within extensive patches of arable land that are
placed between the most distant (semi-)natural ecosystems;

• In sub-rural cells main restoration actions and pertaining priority were set as (i) the densification
of woody landscape elements within arable land, especially for extensive patches placed between
isolated (semi-)natural ecosystems (in the 4 cells with high ENN values, ranging from 85 to
1614 m), and (ii) restoration of the riparian vegetation wherever the river course adjoined some
agricultural surface;

• In sub-urban cells main restoration actions and pertaining priority were set as (i) the densification
of woody landscape elements within arable land, especially for the agroecosystem patches that
are more extensive and/or may improve the ecological connections between the Natura2000 site
and the surrounding landscape, and (ii) restoration of habitats that are suitable for supporting
wild pollinators in small residual and no longer cultivated patches;

• In urban cells main restoration actions and pertaining priority were set as i) the densification of
woody landscape elements within extensive patches of arable land to connect distant (semi-)natural
ecosystems and to reduce contrast with adjoining artificial areas, and ii) restoration of habitats that
are suitable for supporting wild pollinators in small residual and no longer cultivated patches.

A selection of the native woody species that can be planted for restoration actions is presented
in Table 2. For each species, the coherence with the six potential natural vegetation types occurring
in the site and the importance to support plant dispersion are shown. Almost all the species are
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suitable for the support of pollinators and can provide food and/or shelter for wild animals, but their
functional relevance is stated only for those reported as ‘very important’ in the considered literature.
Nomenclature of the species follows Anzalone et al. [89].

Table 2. Selection of native trees and shrubs suggested for plantation according to potential
natural vegetation types (RIP = riparian forests with Salix alba, Populus sp.pl. and Alnus glutinosa;
HYG = meso-hygrophilous forests with Quercus robur and Ulmus minor of the alluvial plains;
TRV = mixed oak forests with Quercus pubescens of the travertine outcrops; CLY = deciduous oak
forests with Quercus cerris of the clayey hills; PIR = deciduous oak forests with Quercus cerris and
Carpinus orientalis of the pyroclastic plateaux; LVF = mixed oak forests with Quercus cerris or Q. ilex of the
lava flows) and functional relevance (DIS = ecological connectivity/plant dispersal; WLD = ecological
connectivity/food and shelter for wild animals; POL = pollinator support).

Species Potential Natural Vegetation Functional Relevance

Native Trees RIP HYG TRV CLY PYR LVF DIS WLD POL

Acer campestre L. X X X
√

Acer monspessulanum L. X X
√

Alnus glutinosa (L.) Gaertn. X
√

Carpinus orientalis Mill. X X X
√

Celtis australis L. X
√

Cercis siliquastrum L. X
√

Fraxinus ornus L. X X X
√

Fraxinus angustifolia Vahl subsp. oxycarpa X
√

Ostrya carpinifolia Scop. X
√

Populus alba L. X X
√ √

Quercus cerris L. X X X
√ √

Quercus ilex L. subsp. ilex X X
√ √

Quercus pubescens Willd. subsp. pubescens X X X
√ √

Quercus robur L. subsp. robur X
√ √

Salix alba L. subsp. alba X
√

Ulmus minor Mill. subsp. minor X X X
√

Native shrubs
√

Cornus mas L. X X
√

Cornus sanguinea L. subsp. sanguinea X X X
√

Crataegus monogyna Jacq. subsp. monogyna X X X X X
√ √

Cytisus villosus Pourr. X
√ √

Laurus nobilis L. X
√ √

Ligustrum vulgare L. X X
Prunus spinosa L. subsp. spinosa X X

√ √

3.4. Expected Benefits

The environmental benefits potentially provided by the above-mentioned actions mainly consist
of improved ecosystem quality and environmental resilience and have been quantified as follows.

Farmland biodiversity loss is expected to be counteracted and ecological connectivity is expected
to be improved by means of the increased density of woody linear elements, from 48.53 to 62.65 m/ha,
in about 1800 ha of arable land (56% of the total agricultural surface) within urban, sub-urban and
some sub-rural cells.

Quality and functionality of riparian ecosystems are expected to increase in 4 out of the 7 cells
crossed by the Aniene River, with restored contacts between the water course and riparian forests along
1191.38 m of the river banks. For the 3 cells classified as sub-rural, the proportion of these contacts
is expected to rise from 88% to 96%, from 92% to 95% and from 98% to 100%, respectively. For the
sub-urban cell, the same proportion is expected to rise from 85% to 87%. Considering a minimum
buffer strip of 15 m from banks on both sides of the river, as the technical standards of the river basin
plan prescribe, this restoration action requires about 1.79 ha, i.e., less than 1% of the total agricultural
surface of the site.

Land Ecological Network performance is expected to be enhanced in 257 ha of arable land (8% of
the total agricultural surface), mainly in the rural cells. This will be achieved by preserving/restoring
natural stepping stones and improving the ecological connections between the ‘Travertine and Acque
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Albule’ Natura2000 site and the core area of ‘San Vittorino and Vallone di Pontelupo’, which is located
immediately outside the study area.

Support to wild pollinators is expected to be enhanced by planting suitable woody species in
about 21 ha of agricultural patches (less than 1% of the total agricultural surface), with an individual
patch extent ranging from 1.5 to 10.9 ha.

Moreover, plantation of biogeographically and ecologically coherent species is expected
to aid native biodiversity and to guarantee cost-effectiveness and long-term persistence of the
interventions [90–92].

4. Discussion

Prioritisation is recognised as a suitable tool for simultaneously and cost-effectively approach
biodiversity and ES concerns at different levels [93]. Actually, it has been increasingly applied for GI
design at broad levels, e.g., for the continental Europe [28,94] and at local level, especially for urban
contexts [95,96]. On the contrary, despite the increasing interest in urban peripheries for experimenting
sustainable land-use models, GI deployment is still infrequent in peri-urban settings [97] and respective
prioritisation models are lacking.

In this respect, the main contribution of the present work is the development of a composite
framework for guiding prioritisation throughout a peri-urban GI planning process, and its application
to an agricultural sector in the metropolitan area of Rome.

First of all, the process deals with the definition of GI priority objectives, such as agriculture
multifunctionality [98]; a priority location for GI deployment [99]; and the description of priority
conservation and restoration actions [100]. Thus, it allows the reliability of a systematic and hierarchical
arrangement of these different priorities to be made explicit and reinforced with respect to single purpose
approaches [101]. Actually, the proposed arrangement satisfies the multi-scale perspective advocated
for GI planning [102,103] by demonstrating the viability of (a) defining priority objectives at relatively
broad landscape scale, corresponding to the metropolitan/regional decision level, (b) choosing priority
spatial location at an intermediate countryside scale, corresponding to the municipal/sub-municipal
decision level, and (c) outlining priority management actions at site scale, corresponding to the
farm/field decision level.

Priorities for GI objectives were set at the landscape scale, which reflects the wide
regional/metropolitan range at which land use and land take processes take place [104]. The collected
information on ecosystem condition and pressures provided a systematic picture of which biodiversity
targets should be primarily addressed in the eastern metropolitan sector of Rome. Concurrently, the
analysis of the available documentation on environmental risks, sustainable agriculture targets and
sustainable landscape development policies suggested which bundle of ES and therefore, which aspects
of agriculture multifunctionality [34,59], should be first enhanced through ecosystem conservation and
restoration in the overall sector. At this decision level, the case study provides concrete evidences for
promoting the claimed integration of both biodiversity and ES targets into land planning [105,106].
Especially, it represents an example of how applying the GI approach in a peri-urban agricultural
context can reinforce convergences among metropolitan sectoral plans for urban and rural development
(e.g., the Provincial General Masterplan and the Regional Rural Development Plan), nature conservation
(e.g., the Provincial Territorial Ecological Network) and water protection (e.g., the Regional Water
Conservation Plan).

The selection of a priority location for the GI deployment was performed at the countryside scale,
which allows to properly exemplify the critical values that biodiversity, ecological connectivity and
water quality may concurrently reach in the urban–rural interface. At this level, regulatory responses
are provided by the ecological networks of municipal plans, protected areas management plans and
river basin sub-plans.

By means of the site selection phase that was carried out in the present case study, some practical
evidences about the pivotal role of a GI planning process in promoting the sustainable and synergic
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implementation of these local plans along the urban–rural gradient, can be highlighted. First of all, the
documentation regarding how much the condition of species, ecosystems and physical environment
has been impaired by urban sprawl may give priority to the application of municipal ecological network
measures in the site, speed up the actual institution of the agricultural and river corridor parks, and
trigger the preservation of traditional and sustainable agricultural practices for addressing the rules
of the Aniene River management plan. Secondly, the gap in alternative designated protected areas
allowed to emphasise the crucial role of Natura2000 sites in preserving valuable habitats and species in
such a peri-urban agricultural area [107]. Thirdly, under a multi-functional perspective for GI planning
along urban–rural gradients [108], the inclusion of a stretch of the river with a moderate/poor ecological
status triggered the definition of the synergic restoration measures for natural, agricultural and riparian
ecosystems, which have been subsequently localised and prioritised with the final step of the GI design
process. Nevertheless, owing to the main theoretical interest of this research, GI location has been
top-down oriented. For an effective GI implementation, the opinion of stakeholders, above all farmers,
land-owners and resident population should be mainstreamed into the decision process [109,110]. The
limited extent of the site represents another potential shortcoming because it prevents the introduction
of wider natural ecosystem patches under a ‘land sparing’ perspective [111,112]. Only ‘land sharing’
actions have been subsequently planned, i.e., creation and restoration of marginal vegetation elements.
Yet, since these elements represent a very small part of the agricultural surface, potential conflicts with
productive activities may be avoided.

At the farm/field scale, i.e., the level at which GI components and specific actions have been finally
prioritised, the considered land sharing options address the establishment of Ecological Focus Areas
(EFAs), as defined by the current EU agricultural policy. The planned EFAs (i.e., field margins, riparian
corridors and small patches of non-farmed habitats) are altogether able to benefit biodiversity and
provide the targeted bundle of ES [113–116]. These features necessarily need a prioritisation procedure
based on fine-grained background information, at a similar scale of those conducted for planning
strictly urban GI, e.g., for cooling or ameliorating air quality [32,117]. Apart from basic maps with a
high spatial resolution, a combination of in-depth knowledge of vegetation potential, composition
of native communities and biology of native species is necessary for the proper design of GI actions.
This combination allows the effective foster of environmental benefits and the prevention of trade-offs
between biodiversity conservation and ES provision [75,118], also in a transitional peri-urban context.

5. Conclusions

Urban–rural interfaces offer an ideal ground for testing nature-based approaches aimed at
the reduction of negative environmental impacts due to urban growth and, concurrently, at the
valorisation of multifunctionality of peri-urban agroecosystems. GI, which is widely recognised as a
win–win solution for people and nature, could provide a valuable mean to address these challenges.
Nevertheless, in addition to synergies, trade-offs and/or unsustainable costs may arise from GI planning
and implementation.

This study focuses on the role of prioritisation to avoid these potential drawbacks and, in this
respect, contributes to the increasing number of examples of good practices. Beyond the evidences
concerning the GI planning in a metropolitan area of the Mediterranean region, which is widely
affected by the fragmentation and simplification of peri-urban landscapes, some general principles for
priority setting in these systems have been either reinforced or originally developed.

Actually, the proposed multi-step and multi-scale framework (i) supports GI multifunctionality, by
means of prioritisation of multiple objectives according to main demand for biodiversity and ES and in
compliance with wide-area land planning tools; (ii) promotes the valorisation of traditional agricultural
landscapes, by means of prioritisation of GI location according to co-occurring critical conditions
and pressures on agroecosystems and in compliance with local development and management plans;
and (iii) fosters the implementation of sustainable agricultural practices, by means of prioritisation of
restoration and conservation actions according to the combined capacity of planned GI components to
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benefit biodiversity and provide the desired ES and in compliance with conditionality measures of the
current EU agricultural policy.

Novel hints of the approach reside in the modulation of priority actions according to the urban–rural
gradient and in the adoption of vegetation knowledge as basic ground through all the planning and
prioritisation phases. Especially, this knowledge aided the definition of occurring ecosystems, the
assessment of species and ecosystem conservation status, the definition of GI components and the
selection of species to be primarily adopted for restoration actions. The last point ensures critical features
of natural biodiversity, coherence with the potential natural vegetation, and functional relevance to be
concurrently addressed by means of a cost-effective and long-term persistent GI interventions.

Finally, main limitations of the work, which will be addressed in the near future, are related
to the top-down approach adopted throughout the planning process, to the lack of comprehensive
analyses of the potential disservices provided by land-sharing interventions, and to the assessment of
GI benefits that overlooks a more exhaustive definition of monetary and social values.
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