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Abstract: The expansion of urban agglomerates is causing significant environmental changes, while
the demand and need for sustainability keep on growing. In this context, urban and peri-urban
agriculture can play a crucial role, mainly if associated with an agroecological approach. Indeed,
the extensive use of living fences and tree rows can improve the environmental quality, assuring
ecosystem services (ES), developing a sustainable urban food system and increasing local productions
and the related socio-economic improvements. This study aims to assess the benefits of an agroe-
cological requalification of a dismissed peri-urban area in the South Milan Agricultural Regional
Park (Italy), by evaluating two possible scenarios, both involving planting trees and shrubs in that
area. The software I-Tree Eco simulates the ecosystem services provision of planting new hedgerows,
evaluating the benefits over 30 years. The study underlines the difference between the two scenarios
and how the planted area becomes an essential supplier of regulating ecosystem services for the
neighbourhoods, increasing carbon storage and air pollution removal. Results were then analysed
with a treemap, to better investigate and understand the relationship between the different ecosystem
services, showing a notable increase in carbon sequestration at the end of the simulation (at year 30).
The study shows a replicable example of a methodology and techniques that can be used to assess
the ES in urban and peri-urban environments.

Keywords: regulating ecosystem services; peri-urban agriculture; urban sustainable regenera-
tion; Italy

1. Introduction

Due to the continuous urbanisation process, natural environments face severe conse-
quences, such as biodiversity loss and general degradation of natural resources [1]. Agenda
2030—a call to action for people, planet and prosperity—strongly underlines this trend,
and it aims at pursuing 17 Sustainable Developments Goals and 169 targets within 15 years.
These objectives seek to realise all human rights, balancing the three dimensions of sustain-
able development: the economic, social and environmental ones [2]. Recent decades have
experienced significant socio-economic changes, headed amongst all by the increasing
migration from rural to urban areas: since 2008, more than half of the world’s population
lives in cities, and by 2050, this percentage will grow up to 70% [3], compared to only 13%
in 1900 [4].
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Furthermore, urban areas use 75% of the available natural resources, even if they
occupy just 2% of the Earth’s surface [5]. This situation, which often took place without any
regulatory plan, represents one of the main challenges to be addressed [6]. Indeed, urban
growth, especially in poor and developing countries, can cause overwhelming problems,
such as the continuous increase of slum populations, inequalities, underemployment,
pollution, traffic congestion, loss of urban green spaces, sprawl and high demand for
services and infrastructures [7], which rarely can be satisfied. Therefore, to avoid these
consequences and that urban development results in total degradation of natural resources
and a complete loss of ecosystems, it appears that finding new ways for sustainable urban
development is crucial to reach the goals defined in Agenda 2030 [2].

In this context, urban and peri-urban agriculture can help to improve liveability,
by providing several ecosystem services (ES): urban food production contributes to the
protection of natural resources and guarantees several ES (e.g., regulation of water cycles,
soil formation and nutrient cycling) [8].

Starting from these assumptions, it becomes apparent that there is a compelling need
for further research in order to enrich the knowledge and the available tools to better plan
and manage territorial resources and improve sustainability.

1.1. Urban Regeneration Projects, Agroecology and Agroforestry

Urban redevelopment projects can provide ES, resource efficiency and foster urban
regeneration, particularly in underused areas [9]. The recovery of peri-urban areas is a
typical example of good practices to implement [10] land resources in cities. In this context,
agriculture redevelopment projects that might include green infrastructure (GI) allow the
regeneration of peri-urban tissues, thanks to different new niches and ecosystems, suitable
in urban and peri-urban environments [11]. The advantages for people living in GI cities
are the deliveries of ES to residents, which can significantly improve the cities’ quality of
life [9].

As already affirmed in recent literature, several examples of municipalities aim to
enhance the environmental and social quality of life and invest considerable financial
capital in restoring or creating natural capital [12–16]. These examples survey the USA
scenario, where municipal GI programs are focusing on pursuing the Clean Water Act
standards [17] to reduce the rate and volume of stormwater run-off, thus improving water
quality. Many urban areas are also suffering from the effects of poor air quality [18]. For
example, considering the high levels of PM10 in the air, many research studies underline
the importance and the contribution of urban and peri-urban green areas to mitigate local
air quality issues [19–21], mainly thanks to tailored planning and management of urban
and peri-urban forests. Urban and peri-urban forests’ contribution to improving air quality
has a role in Italian cities and peri-urban areas too [22], with a particular interest in O3
and PM10.

Furthermore, agroforestry can provide multiple ES, acting simultaneously on: carbon
sequestration; soil enrichment; biodiversity conservation, air, and water quality improve-
ment [23].

Our case study focuses on a peri-urban area at the fringe zone between Milan and the
southern agricultural park (Italy). The urban sprawl phenomenon is typical in this context,
and GI implementation fosters the importance of permeable and vegetated soil surfaces for
retaining, detaining, and infiltrating stormwater [24,25]. The GI sites could include urban
and peri-urban zones, natural and human-made habitats such as parks, green roofs, rain
barrels, bioswales, street trees, permeable pavers, and community gardens [24–26].

This study associates GI sites’ concept to peri-urban agriculture and agroforestry; and
evaluates the contribution of a living network of trees and shrubs in the provision of ES,
focusing on the regulating ones and particularly on C storage, C sequestration and other
ES related to air quality.

Moreover, the research emphasises the concept of GI sites as structures able to provide
benefits to urban, peri-urban greens spaces and natural areas, with a multifunctional
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role, mainly referring to the importance of interconnections between habitats [27]. In a
neglected peri-urban area, GI—well planned, developed and maintained—can enhance the
surrounding urban landscapes by providing natural capital [9,28]. Cities worldwide have
to face challenges related to the sustainability of their habitat for citizens because of the
limited space availability and ecological preservation. For these reasons, we investigate GI’s
role that combines urban requalification with rational land use to enhance ES provision.

The innovative role that GI can also play in urban and peri-urban agriculture con-
text is that they represent an essential instrument to increase biodiversity and complete
the agricultural landscape, such as with the proper implementation of hedges and rows
agroecological approach.

As it is known, agroecology comprehends the area of intersection of scientific disci-
plines based on ecology with technological innovations related to the agri-food system
with social and political issues. It also covers the scientific concepts and principles applied
to design and manage agri-food systems in a sustainable way. It offers the concept of the
integrated study of the agri-food system’s ecology, including ecological, economic and
social dimensions [29].

Agroecology aims at maximising the ES offered by agricultural systems and agri-
food supply chains, starting from production (e.g., food, fibres, materials) and regulation
services, with particular reference to water (Figure 1). For these reasons, it is clear that an
agroecological approach fits well with the needs of urban agglomerates, where the need
for food goes hand in hand with the needs of ES.
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Figure 1. Ecosystem services and their classification—Millennium Ecosystem Assessment, 2005.

The peri-urban context within GI and the agroecological approaches are crucial for
reaching a high ES provision level for the environments. One approach can also be
agroforestry. This includes agricultural systems and techniques where herbaceous crops,
woody species and/or animals are on the same unit of an agricultural surface according to
a rational spatial distribution and a specific temporal sequence [30]. Therefore, it concerns
agricultural land use by maintaining or introducing single trees or a mix of woody perennial
species within cultivated fields to benefit from positive ecological interactions and practical
economic implications.

Agroforestry systems contribute to the objectives identified in the Europe 2020 strategy
for smart, sustainable and inclusive growth in the following ways: biomass production,
improvement of the quality of the groundwater by slowing the leaching of nitrates, erosion
control by providing permanent coverage of the soil, better adaptation and mitigation of the
effects of climate change, prevention of fire damage in forests and limitation of irrigation
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use. FAO has highlighted the agroforestry issue by including it as a fundamental policy
action for the environment and has published a specific guide for decision-makers [31].

Agroforestry systems help promote resource efficiency and support an agricultural
economy based on ES. Therefore, the agroforestry role in supplying numerous ES is
crucial for integrating trees in herbaceous agricultural systems, implementing a potential
sustainable land-use system that combines production with natural resources conservation
in temperate regions [25].

This case study focuses on the territorial scale, to assess the provisioning of ES thanks
to the presence of GI connection systems between roads, waterways, fields, agroforestry
systems and city suburbs.

1.2. ES Assessment Tools

Several researchers have focused their work on developing tools, instruments—mainly
models—and frameworks, useful to evaluate the impact of environmental regeneration
projects and their return in terms of provided ES. Indeed, decision-makers and stakeholders
need instruments capable of forecasting the impact and the consequences of their choices,
and these models can represent a productive tool for them to have reliable predictions [32].
Therefore, as this research field is gaining attention, there is a higher demand for tools
capable of evaluating and forecasting each requalification choice’s impact, affecting policy
decisions [33–35]. As in other scientific disciplines, these tools are specific models, capable
of assessing and forecasting spatially explicit information outputs about ES provision.
In the last few years, different tools could be used to assess ES. They are usually freely
available: the major ones—such as InVEST (Integrated Valuation of Ecosystem Services
and Trade-offs), ARIES (ARtificial Intelligence for Ecosystem Services), EVT (Ecosystem
Valuation Toolkit), and I-Tree ECO—have been tested in different environments and were used
to conduct multiple peer-reviewed papers [36], as it emerges from several studies [19–21,37].

Therefore, only with reliable tools and instruments can it be possible to conduct ES
assessment and forecast, useful to support the decision-making process. This activity is
now possible by choosing the most appropriate tool available, depending on the particular
needs, data and requests.

1.3. Objectives:

Starting with these assumptions, the goals of the present study are to:

(i) assess and quantify the ES provided by two possible and alternative requalification
scenarios;

(ii) estimate the impact of these scenarios, analysing the ES provision in the next 30 years;
(iii) explore the relationship of the ES’s provision in the two alternatives, thanks to the

treemap analysis, to understand and underline the pros and cons of each requalifica-
tion choice.

2. Materials and Methods
2.1. Case Study

In the analysed case study, we quantify and assess ES’s provision by a peri-urban
requalification. This requalification focuses on implementing a GI consisting of a net of
trees and shrubs within peri-urban agricultural fields, following an overall agroecological
approach-primarily intended to connect rural areas with the urban ones providing several
ES. The requalification project took place in the south part of Milan (Figure 2).
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Figure 2. The area of the case study, situated in the peri-urban area of Milan, Italy.

This city has a 23% (4231.74 ha) of its territory in South Milan Agricultural Regional
Park, which is part of a plan of protection and enhancement for all the elements that
characterise the agricultural landscape. This Agricultural Park forms a denser city contour,
along the town’s southern arch, providing a more dynamic agricultural economy and less
favourable infrastructural conditions. The continuity of the agrarian territory characterises
the horizons of the low Lombardy plain.

Within the municipality of Milan, the landscape component expressed by the agricul-
tural territory necessarily has a limited but not less significant extension, both in terms of
the preservation of memory and the historical, or rather original, characters of the urban
context, both under the role that is now sustainable by the peri-urban open spaces towards
a demand for quality of the environment and expectations for a renewed relationship with
agricultural production expressed by citizens.

In this context, the project—named Milano Porta Verde (MPV)—collects the legacy
of the European project “OpenAgri”, aiming to extend its lifespan till 2030. In 2017,
the Municipality of Milan launched the “OpenAgri-New Skills for New Jobs in Peri-
urban Agriculture” project. Together with 16 partners, the Municipality of Milan had
been awarded in the “Urban Innovative Actions” call, funded by the European Regional
Development Fund (ERDF), to fund innovative proposals that address urban issues, such
as environmental and socio-economic problems. The project was finished in 2020 and
focused on innovative ideas to face urban challenges relevant to the future by creating a
new innovative agricultural centre, worth 6 million euros.

As OpenAgri, the MPV project wants to experiment with new territorial development
models that conceive the city and the countryside as a single organism and stage the
possible paths towards sustainability of human settlement and food production, improving
local citizens’ well-being impoverishing life in the soil. The interested peri-urban area
could be an agroecological pioneer project open to the territory by creating a link between
the human community and food production in a sustainable environment. The project
lays the foundations for creating, through a participatory approach, an agroforestry park,
which aims to be productive, experimental, demonstrative and didactic. The project stages
a pilot experience of a new paradigm of agriculture, environment, landscape, and society,
parallel with similar European Network experiences: the MPV has already been named
as a notable case study within the European “Liaison” framework as an ambitious pilot
project of European Rural Innovation Ambassadors [38].

This proposal adds to agriculture the typical advantages of complex forest systems
becoming an urban regenerative agricultural centre, which aims to be one of Europe’s
first experiences of a peri-urban experimental approach to an agroforestry system. The
primary production function of food sources takes place together with the generation of
ES connected with biodiversity, carbon sequestration, environmental quality, work and
social cohesion, at the same time involving the various territorial subjects in innovative
strategies for accessing the food market at zero km, connected to educational and didactic–
educational activities.
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The MPV project aims at:

• Regenerating the project area, through the implementation of an agroforestry plan
based on a network of living fences constituted of trees and shrubs;

• Incubating the know-how of a pool of innovative start-ups selected from the OpenAgri
project, of associations operating in the area and of the Milanese universities;

• Laying the foundations for an open-source digital library of already tested sustainable
agricultural practices;

• Testing a new model of economic and financial management of investments in agri-
culture, with the opening towards the Agricultural Support Communities (CSA);

• Becoming the ideal place to host the experimentation of the most innovative environ-
mental, meteorological and ecological monitoring technologies, in an Open Source
IoT context;

• Helping citizens achieve sustainable development goals, facing this millennium’s
challenges on Food Security and environmental regeneration, with a continuous
training and educative approach.

Thanks to the area’s ecological rehabilitation, the neighbourhoods’ inhabitants will
witness the restoration of a peri-urban agricultural area with strong agroecological poten-
tial.

2.2. Data Collection and Database Construction

The MPV project covers 45 hectares of agricultural fields. Since the overall requalifica-
tion is at the starting point, we built a database encompassing two different scenarios to run
our ES analysis. The first one uses the available information, given by the project proposers,
about the tree network’s extension and characteristics. Therefore, this first scenario and the
following analysis focus on the real project accepted in future planning.

The database for the scenarios includes a network of trees and shrubs, divided into
two typologies.

The first scenario (Figure 3) named “Milano Porta Verde Hedgerows” (MPV-H) in-
cludes vegetation planted as a single tree and shrubs line, situated on the area’s hedges,
dividing some fields and the project area from the surroundings. In the MPV-H scenario,
trees and shrubs were mainly placed on the fields’ hedges traditionally cultivated. The
implant line of trees and shrubs considers standard distances: 1.2 m between plants.

Sustainability 2021, 13, x FOR PEER REVIEW 6 of 18 
 

The MPV project aims at: 

• Regenerating the project area, through the implementation of an agroforestry plan 

based on a network of living fences constituted of trees and shrubs; 

• Incubating the know-how of a pool of innovative start-ups selected from the Open-

Agri project, of associations operating in the area and of the Milanese universities; 

• Laying the foundations for an open-source digital library of already tested sustaina-

ble agricultural practices; 

• Testing a new model of economic and financial management of investments in agri-

culture, with the opening towards the Agricultural Support Communities (CSA); 

• Becoming the ideal place to host the experimentation of the most innovative environ-

mental, meteorological and ecological monitoring technologies, in an Open Source 

IoT context; 

• Helping citizens achieve sustainable development goals, facing this millennium’s 

challenges on Food Security and environmental regeneration, with a continuous 

training and educative approach. 

Thanks to the area’s ecological rehabilitation, the neighbourhoods’ inhabitants will 

witness the restoration of a peri-urban agricultural area with strong agroecological poten-

tial. 

2.2. Data Collection and Database Construction 

The MPV project covers 45 hectares of agricultural fields. Since the overall requalifi-

cation is at the starting point, we built a database encompassing two different scenarios 

to run our ES analysis. The first one uses the available information, given by the project 

proposers, about the tree network’s extension and characteristics. Therefore, this first sce-

nario and the following analysis focus on the real project accepted in future planning. 

The database for the scenarios includes a network of trees and shrubs, divided into 

two typologies. 

The first scenario (Figure 3) named “Milano Porta Verde Hedgerows” (MPV-H) in-

cludes vegetation planted as a single tree and shrubs line, situated on the area’s hedges, 

dividing some fields and the project area from the surroundings. In the MPV-H scenario, 

trees and shrubs were mainly placed on the fields’ hedges traditionally cultivated. The 

implant line of trees and shrubs considers standard distances: 1.2 m between plants. 

 

Figure 3. The plantation scheme used in the first scenario (MPV-H), on the single line of trees and 

shrubs, the distance between elements is 1.2 m. 

The second scenario (Figure 4) named “Milano Porta Verde Agroforestry” (MPV-A) 

includes an alley-cropping system based on an own research proposal simulating the ES 

provided by implementing a stronger agroforestry plan, taking inspiration from the Eu-

ropean literature [39]. In this agroforestry scenario, we propose to cover half of the area—

22.5 hectares—with trees and shrubs focusing on a standard plot of 100 m × 100 m. We 

Figure 3. The plantation scheme used in the first scenario (MPV-H), on the single line of trees and
shrubs, the distance between elements is 1.2 m.

The second scenario (Figure 4) named “Milano Porta Verde Agroforestry” (MPV-A)
includes an alley-cropping system based on an own research proposal simulating the
ES provided by implementing a stronger agroforestry plan, taking inspiration from the
European literature [39]. In this agroforestry scenario, we propose to cover half of the
area—22.5 hectares—with trees and shrubs focusing on a standard plot of 100 m × 100 m.
We propose a line of trees and shrubs every 10 m, with a distance between the plants on
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the same line of 4 m, the total number per plot is 250 plants. Moreover, we propose to plant
bigger tree-trunk diameters of 2 cm for shrubs, 4 cm for trees (Table 1) to have a higher ES
level from the beginning of the project.
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Table 1. Differences between the two analysed scenarios and relative input are useful for running the ES assessment with
the selected software.

Distance
between

Plants

Overall
Tree/Shrub

Number

Shrub/Tree
Diameter

Land-Use
Type

Crown Light
Exposure

Health
Parameter

Type of
Position

Scenario 1,
MPV-H 1.2 m. 9260 0.5–2 cm. Agriculture 4 100 % No street

Scenario 2,
MPV-A 4 m. 5625 2–4 cm. Agriculture 5 100% No street

Summing up the adopted decisions to run the simulation with I-Tree Eco model, the
main elements of the two considered scenarios are:

1. The same typology of tree and shrubs species. The species are mainly autochthonous
plants according to the regional policies. The number of plants and the scheme
implant are different in the two scenarios.

2. Identification number (ID), represents the progressive number of the elements. This
phase is essential for organising I-Tree Eco model dataset.

3. Land-use type was, by default, set as agriculture land use from the Lombardy Region
website. This information is essential for organising the I-Tree Eco model dataset for
the meteorological and soil information.

4. In the scenario, MPV-H the height and diameter at breast height (DBH) of each
element, are deducted from the actual requalification plan, for the simulation of the
second scenario we established measure considering an implant of more developed
plants (Table 1; Figures 3 and 4).

5. The information about light exposure of each element was different, considering
MPV-H and MPV-A (Table 1).

6. The health parameter of plants was set at the maximum level since all the plant
materials come from certified nurseries.

7. The type of position of each element is crucial to simulate tree growth and develop-
ment, and, due to the plantation scheme, it was set as a non-street tree, with proper
space to develop without interferences (Figures 3 and 4).
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Moreover, the two configurations follow a different approach. The first scenario—the
one proposed and foreseen in the project papers—is planned to use small-density plants
with a higher density of plantation, and trunk diameters vary from 0.5 cm to 2 cm. This
choice is typical of agroforestry and is due to budget limitations too. Conversely, the second
configuration uses an already developed tree-trunk diameter of 4 cm, while it has a minor
density of elements. This solution represents an interesting alternative to deliver higher ES
levels from the beginning of the project.

This information is needed to calculate the ES provided by the tree network and
simulate the thirty-year forecasting in the two scenarios.

2.3. Selected Ecosystem Services

The MPV—and the previous OpenAgri project—provides a wide range of ES, since it
deals with the requalification of an area with several issues, beyond environmental aspects,
taking into account the social and the economic needs of the area. Anyhow, in this study,
we decide to focus on the regulating ES provided by trees and shrubs. This choice is due
to multiple considerations and analysis: first of all, the cultural ES—such as recreational
activities, and other social aspects—need a more extended period to be provided and
the project is still at a starting point of many initiatives—e.g., a Community Supported
Agriculture (CSA) set up—so a broader analysis of socio-economic ES could be completed
after their establishment, estimated for at least five years. Moreover, other studies evaluated
the LCA impact of the OpenAgri start-up as an impetus for urban regeneration [40].

This study investigates the environmental impact of the area’s requalification, focusing
on the regulating ES provided by trees and shrubs. Moreover, we analysed the ones
linked to the Carbon cycle, air quality, and avoided run-off within the regulating ES
set. This selection considers the environmental issues of the urban area where MPV is
located. Indeed, Milan is suffering from continuative air pollution problems: the city and
surroundings are above the critical level of concentration of each primary air pollutant (O3,
NO2, PM 2.5 and PM 10), and it is also witnessing a growing percentage of soil sealing,
with adverse effects on water management [41].

Therefore, in the light of this focus on the contribution of trees and shrubs to the
requalification project and their role in providing ES, we considered I-Tree Eco as the ideal
tool among the available software, using the database as input for the software.

This software was specifically developed to help researchers assessing urban and
peri-urban forest value and its functions. Several models are included within the software
to assess and evaluate the different ES provided by trees and shrubs. Indeed, I-Tree Eco
is designed to use standardised data from previously prepared inventory (or available
databases, as in this case study), hourly air pollution and meteorological data to quantify
urban forest structure and numerous urban forest effects.

The software was firstly used in the US, and it was chosen because of its reliability,
state-of-the-art technology, being peer-reviewed and recommended by the USDA Forest
Service. I-Tree Eco can assess the structure of the analysed urban and peri-urban forest in
terms of species composition, leaf area and biomass, and evaluate the associated regulating
ES, such as carbon storage sequestration; air pollutants removed hourly and the avoided
run-off. For each of these ES, I-Tree Eco can assign a monetary value, therefore giving an
overall value to the database, helping determine its value [42].

The database covers all the minimum requirements needed by I-Tree Eco to simulate
and assess the following ES:

• Air Pollution Removal.

Trees and shrubs improve air quality in several ways, such as decreasing air tem-
perature, directly removing pollutants, and reducing energy consumption in buildings,
thus providing significant regulating ES to the local environment. I-Tree Eco calculates the
amount of ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO)
and particulates less than 2.5 microns (PM 2.5), removed by the vegetation year after year.
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The removed quantities are estimated using the hourly tree-canopy resistances for
ozone, while estimates related to sulfur and nitrogen dioxides are based on a hybrid
of big-leaf and multi-layer canopy deposition models [43,44]. Since the absorption of
carbon monoxide and PM 2.5 by vegetation is not directly related to transpiration, removal
rates (deposition velocities) are calculated using values from the literature [45], then
calibrated using leaf phenology and leaf area. Moreover, PM 2.5 removal considers a
resuspension rate (50%) of particles back to the atmosphere [46]. Indeed, plants absorb
PM 2.5 when it is deposited on leaf surfaces [47]. However, this deposited PM 2.5 can be
returned into the atmosphere during rain events, dissolved or transferred to the soil. These
phenomena can lead to positive or negative pollution removal quantities, depending on
various atmospheric factors.

I-Tree Eco bases its analysis on user-defined local pollution. In the present case study,
values refer to the nearest meteorological station, in Milano Linate, close to the MPV area.

• Carbon Storage and Sequestration.

As known, woody plants contribute to the mitigation of climate change by sequester-
ing and stocking atmospheric carbon in tissue, thus decreasing the atmosphere’s carbon
dioxide levels [48].

Carbon storage defines the quantity of carbon accumulated in the above-ground and
below-ground parts of woody vegetation. Equations from literature and available tree
data show that compared to traditional forest trees, open-grown trees—as the urban and
peri-urban ones—tend to have less biomass [49]. In order to consider that difference,
biomass results were multiplied by 0.8. The calculation of the tree dry-weight biomass was
the stored carbon by multiplying by 0.5.

Carbon sequestration is instead defined as the removal of carbon dioxide from the air
by plants. To calculate the amount of carbon sequestered annually, I-Tree Eco considers
average diameter growth from the proper genera, diameter class and tree condition. These
data are added to the existing tree diameter, incrementing tree size step by step each year.

• Oxygen Production.

To quantity the oxygen produced by trees and shrubs in the project, the calculation
considers carbon sequestration based on atomic weights: net O2 release (kg/yr.) = net C
sequestration (kg/yr.) × 32/12. The net carbon sequestration rate is the carbon sequestered
due to the annual tree growth and reduced, considering the amount of carbon lost due to
tree mortality and decomposition [50].

• Avoided Run-off.

When it rains, water can follow different paths: thanks to the vegetation, it is partly
intercepted by trees and shrubs, avoiding the soil’s achievement. The water falling to the
ground could give away in the soil, either becoming surface run-off or spreading on the
ground. In urban areas, the large percentage of impervious and paved surfaces increases
the amount of surface run-off. Trees and shrubs can intercept water, thus resulting in
decisive in reducing surface run-off. I-Tree Eco calculates the annual avoided surface run-
off thanks to trees and shrubs’ presence by estimating the quantity of rainfall intercepted
by vegetation. In particular, the model is capable of calculating the difference between
annual run-off with and without vegetation. I-Tree Eco considers only the amount of water
intercepted by the above-ground biomass: this means that the overall avoided run-off
might be more significant, since the other factors—e.g., soil cover—affect it.

2.4. Ecosystem Services Forecasting

Once evaluated the current ES provision level, in order to understand the tree net-
work’s growth and development in the next future and the related ES increase, a simulation
was conducted to assess ES provisioning in the next thirty years.

The simulation started using an extension of I-Tree Eco—the i-Tree Forecast model—
developed by the USDA Forest Service to assess future changes in urban and peri-urban
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forest structure and function. The tool estimates future changes both in dimension (e.g.,
diameter) and in condition from the initially given structure. Indeed, it mainly takes into
consideration three aspects of tree life: growth, establishment and mortality. Growth is
estimated based on several parameters, such as growing season length, species-specific
growth rates, tree condition and tree maturity. Tree mortality is estimated using a fixed
input mortality rate, considering the optimal condition of the planted trees [51]: this rate
can change, and the user can adjust it, and it depends on the starting health condition and
the dieback of each tree. Even if it is possible to include in the extreme simulation events
—such as bad weather or the presence of parasites—and their impacts on the vegetation
and consequently on ES provision, we decided not to insert this possibility, in order to have
a clear view of the potential ES provided in the area without any possible interference of
external agents, to have an overall comparison between the two analysed scenarios.

2.5. Treemap

To better understand the results and the relationships between ES, we tested the
treemap methodology. We use an Excel file for immediate space-filling visualisation of the
different items’ hierarchy to apply the I-Tree Eco results for the treemap [52]. A treemap
is usually composed of root rectangles groups that represent the items of the study. The
treemap successfully helps to visualise big data [53]. On the other hand, the treemap
represents only one future scenario as it represents one moment in time. The possibility
of highlighting immediate outliers and the clear hierarchical grouping enabling single
scenario evaluation has not been used yet to explore forecasting scenarios.

3. Results
3.1. Provided Ecosystem Services

I-Tree Eco’s results regard the tree population’s structure and composition for each
studied scenario. They show the quantification of the tree cover, leaf area and leaf biomass
provided by the trees and shrubs in the area. In the MPV-H scenario, the predominant
species are Sambucus nigra, Salix caprea and Rosa canina, respectively with 11%, 10.2% and
9.5% of the total population (9260 elements). Trees cover about 3308 hectares and provide
8611 hectares of leaf area. However, the population percentage does not correspond to an
equal percentage of leaf area (Table 2), as it emerged from the results due to each species’
particular biological and morphological characteristics.

Table 2. The principal species present in the first scenario, with a percentage of the population and
correspondent leaf area.

Species Name Percentage of Population (%) Percentage of Leaf Area (%)

Sambucus nigra 11.0 18.4

Rosa canina 9.5 9.0

Acer campestre 7.4 10.4

Prunus spinosa 8.2 8.4

Salix caprea 10.2 5.2

Crataegus monogyna 6.7 5.5

Cytisus scoparius 4.9 6.0

Viburnum opulus 3.4 7.4

Quercus robur 4.4 3.8

Corylus avellana 3.3 4.4

On the other hand, the second scenario was assumed to use more plant elements
(Table 3), occupy a greater soil area, and, at the same time, have less density of plants on
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the rows. This scenario’s implementation—5625 plants—would assure a similar tree cover
(3.29 ha) and leaf area (9.81 ha) (Table 4).

Table 3. The principal species present in the second scenario, with percentage population and
correspondent leaf area.

Species Name Percentage of Population (%) Percentage of Leaf Area (%)

Sambucus nigra 16.0 19.2

Acer campestre 12.0 14.9

Cytisus scoparius 12.0 13.7

Corylus avellana 12.0 13.4

Prunus spinosa 8.0 7.7

Populus alba 8.0 3.1

Quercus robur 4.0 3.2

Fraxinus angustifolia 4.0 3.0

Table 4. Comparison between the ecosystem services (ES) provided at year 0 by the two different alternative scenarios.

Tree Cover Leaf Area C Storage C Sequestration Air Pollution
Removal

Avoided
Run-Off

Oxygen
Production

Scenario 1,
MPV-H 3.308 ha 8.611 ha 1.165 t 1.212 t/year 123 kg/year 264.6 m3/year 3.233 t/year

Scenario 2,
MPV-A 3.296 ha 9.81 ha 7.8 t 5.59 t/year 128 kg/year 286.9 m3/year 14.91 t/year

• Air Pollution Removal:

Regarding the air pollution removal, the removed pollutant’s level depends on tree
size and the abundance of the pollutant in the air. For example, if trees are close to a street,
thus with a high presence of particulate, the trees will tend to absorb more while growing;
while if they are in a less polluted area—e.g., countryside or a park—the level of pollutant
at microscale will be minor; therefore, the overall assumption will not increase as much.
In our case study, the peri-urban forest is in an agricultural area, with a low air pollutant
presence at the micro-scale. Indeed, I-Tree Eco uses “Agriculture” as a land-use type.

Pollution removal by trees was estimated using the database and the recent available
pollution and weather data available from Milan Linate Airport weather station. Ozone
was the most removed pollutant. In the first scenario, the agroecological net of trees and
shrubs removes a total of 123 kg of air pollutants per year, encompassing ozone (O3), carbon
monoxide (CO), nitrogen dioxide (NO2), PM 2.5, and sulfur dioxide (SO2). Moreover, the
vegetation emits an estimated 47.15 kg of volatile organic compounds (VOCs)—41.81 kg of
isoprene and 5341 kg of monoterpenes. The species that tend to emit higher VOC levels are
Salix caprea and Quercus robur: emissions vary among species due to species characteristics
and leaf biomass.

In the other scenario, the agroforestry network can remove 128.5 kg per year of overall
pollutants, while producing 62.58 kg per year of VOCs.

• Carbon Storage and Sequestration:

Trees reduce the amount of carbon in the atmosphere by sequestering carbon in
new growth every year. The amount of carbon annually sequestered can increase as far
as the tree’s dimension and health increase. In the first case, I-Tree estimates the gross
sequestration equal to 1212 metric tons of carbon per year, while in the second one, the
estimation is equal to 5.59 tons per year.



Sustainability 2021, 13, 2434 12 of 18

Regarding carbon storage, the first scenario stored 1.16 metric tons of carbon. Of
the species sampled, Acer campestre stores the most carbon (approximately 10.6% of the
total carbon stored), and Sambucus nigra sequesters the most (approximately 10.5% of all
sequestered carbon). The second one can store 7.8 ton. of carbon, mainly thanks to a more
significant dimension of the trees and related bigger trunk diameter.

• Oxygen Production:

Oxygen production is one of the most known benefits of trees. The tree’s annual
oxygen production is directly related to the amount of carbon sequestered by the tree,
tied to tree biomass accumulation. In our study, the first scenario is estimated to produce
3233 tons of oxygen per year, while the alternative produces 14.91 tons per year.

• Avoided Run-off:

Trees and shrubs intercept precipitation, while their root systems promote infiltration
and storage in the soil. Avoided run-off is estimated based on local weather from the
user-designated weather station, Milan Linatem, for both scenarios. In the first case, the
trees and shrubs help to reduce the run-off by an estimated 265 cubic meter per year;
meanwhile, the contribution is 286.9 cubic meter per year in the second scenario.

3.2. Ecosystem Services Forecast

After quantifying the provided ES at the planting time, we focused on understanding
how the peri-urban forest could contribute in terms of ES in the next thirty years, and
which configuration could guarantee a higher ES level in the future.

Using the I-Tree Eco model’s forecasting extension with the described parameters, we
simulated several parameters and ES. Some of these (e.g., tree cover, leaf area, leaf biomass)
refer to the vegetation growth and development; other are linked to ES provision (C storage
and sequestration, removal of O3, NO2 and SO2).

In general, as trees and shrubs grow, the environmental benefits increase too, resulting
in an improvement of ES levels. Anyhow, in our case study, it is interesting to quantify the
differences between the two scenarios in the next thirty years (Table 5).

Table 5. Comparison between the ES provided at year 30 by the two different alternative scenarios.

Tree Cover Leaf Area C Storage C Sequestration NO2
Removal

SO2
Removal O3 Removal

Scenario 1 4.6 ha 11.31 ha 72.69 t 4.48 t/year 38.9 kg/year 7.8 kg/year 109.5 kg/year

Scenario 2 9.76 ha 62.67 ha 478.5 t 29.86 t/year 95.4 kg/year 18.8 kg/year 266.4 kg/year

3.3. Treemap

We visualised the results related to O3, NO2, SO2, leaf area, leaf biomass, tree cover
and C sequestration presenting the comparison between year 0 and 30 by the treemap
(Figure 5) each of the analysed solution. The comparison of the two times showed clear
results related to outliers and temporal trend of growth. Outliers are represented as O3
in Year 30 and Year 0; and C sequestration for year 30 and Year 0. On the other hand, the
treemap allows us to see how the indicators remain stable, excluding one: C sequestration,
which has a considerable increase at Year 30.
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4. Discussion

The selected software to run the simulation “I-Tree Eco” tested many types of research
studies in the last few years, and thus it represents a reliable tool to assess the ES provided
by trees and shrubs. However, it requires several inputs to run and give adequate feedback
on the urban and peri-urban structures and functions: the optimal solution—recommended
in the model guidelines—is to conduct a complete or plot inventory, to collect each needed
parameter. In our case study, we had to follow a different approach: as the project is at a
starting point, trees and shrubs are still planted. This situation prevented us from collecting
data and forced us to extract the needed inputs from the available project documentation—
a first scenario—and create a new database for the second one leading us to select the ES
analysed in our work. To precisely assess the agroecological network’s overall impact,
we should need much more input (e.g., volume and dimension of each crown), clearly
impossible to obtain from a project still ongoing.

The comparison of the two scenarios underlines an interesting difference in the ES
provision and the vegetation structure. Each scenario shows our pros and cons that must
carefully be evaluated as a requalification choice. Indeed, the project papers’ data, referable
to the first scenario, showed some limitations. Since the project considers the planting
of several hectares, it requires significant economic efforts in materials (plants), both in
workforce and labour, to prepare the soil to plant trees and shrubs. It is comprehensible
that a project at a starting level may find some difficulties in facing these issues—large land
extension in need of requalification and high costs—and therefore choose to plant trees and
shrubs in small pots. On the one hand, it reduces costs but on the other hand, causes an
initially reduced provision of ES, even if this initial minor provision of ES will ameliorate
over the years thanks to annual tree growth.

In the second scenario MPV-A, we wanted to understand which ES provision differ-
ences may occur using more developed trees, assuming no budget constraint but balancing
the cost with a lower planting density due to a more significant tree dimension (see Table 1).

Consideration about tree size regards, in particular, the ES related to carbon-storage
and sequestration. Indeed, the rate of carbon accumulation grows year by year [41], because
of the increasing total leaf area, which balances a lower productivity per unit of leaf area.
This relatively new scientific assumption—even in the recent past, many researchers [54]
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theorised that after initial growth, the mass growth rate of individual trees declines with
increasing tree size, with adverse effects on C storage and sequestration—is confirmed in
our results, with a continuous improvement, year by year, of the activity of the tree.

Results show the ES provision thanks to implementing a simple network of trees and
shrubs (MPV-H scenario).

An essential key in the ES provision is species-selection. The most successful species
related to C sequestration, C storage and avoided run-off within our database is Sambucus
nigra. Our results confirmed several studies that showed the potential role of Sambucus
nigra in accumulating pollution, from the soil and the air. In particular, Ref. [55] showed
the added value of this species in a peri-urban environment as it accumulated Fe, Cr, and
Zn from the traffic pollution and made these elements available for human consumption as
edible flowers. On the other hand, this species suffers from different types of air pollution.
Ref. [56] Showed the effectiveness of Sambucus nigra for biomonitoring air pollutants as
ozone as it is susceptible to it. Indeed, O3 can be a challenge for plant survival, but
particular species could absorb it in the long term [57]. A multi-trait approach and the
i-Tree Eco model presented by [57] showed the effectiveness to absorb O3 of other tree
species, such as Liriodendron tulipifera, Acer campestre, Acer platanoides and Celtis australis,
which are typical of the urban environment—parks and gardens—for their ornamental
value too, and not suitable for agroforestry use. This study confirmed our results, showing
the highest difference of O3 absorption and NO2 absorption in 30 years. The potential of
combining different species of trees—as in a peri-urban agroforestry system—appeared to
be the key not only for regulating air pollution but also other regulating services [58,59].

It is also notable that, at year 0, the higher density of the first scenario balances the
smaller dimension of the plants, especially in terms of network structure: tree cover and
leaf area have similar values, as the air pollution removal (123 kg/year vs. 128 kg/year),
thanks to the thicker barrier formed by the first scenario.

Overall, the results show the potential impact of the two proposed alternatives. Each
one has its advantages, even if it emerges that, in quantitative terms, the second scenario
provides higher regulating ES due to bigger plants choice at the implant. However, the first
scenario may assure a longer vegetative cycle, and—of course—it represents an affordable
solution that links ES provision and economic sustainability.

Another difference regards soil use: the first scenario aims at inserting an initial
agroforestry approach, thanks to tree and shrub line between fields, in an area where
monoculture is still predominant. The alternative one aims at implementing a stronger
agroforestry plan, with trees and shrubs, not only on the hedges of the area and between
fields, but inside these fields, occupying half of the overall area. Therefore, this second alter-
native commits the farmers to adopt a completer agroforestry management of their lands.

The result visualisation obtained with the treemap analysis (Figure 5) allowed us to
deeply explore the relationship of the provision of the ES studied in the two alternatives.
Furthermore, we can highlight the pros and cons of each requalification choice. The
first scenario and the scenario agroforestry represented similar patterns, except for C
sequestration. The agroforestry scenario presents higher C sequestration in the present
condition and the forecasted scenario in 30 years. This result is coherent with the body of
literature that envisioned agroforestry solutions as a sustainable environmental practice
for carbon sequestration [60].

Nevertheless, both scenarios will increase biodiversity—by using at the same time
several trees and shrubs species—which can lead to multiple benefits and ES, rather than
a classic use of few species, or worst, the total absence of trees and shrubs in agricultural
fields, which is typical of modern agriculture with a pure monoculture approach, in Milan
area too.

Moreover, the MPV project deals with the requalification of a neglected peri-urban
area. Beyond environmental aspects, the project has a social and cultural relevance too.
This relevance can be proved and measured by looking at various aspects, as new job
opportunities in the area due to the establishment of new farms and cultural ES provided
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by the requalification project. These ES—purely immaterial—can also be provided by the
network of trees and shrubs, increasing the project’s overall importance.

Therefore, although considering a selection of ES, the research shows an effective and
replicable strategy to provide ES in urban and peri-urban environments.

The analysis conducted represents a starting point in assessing and evaluating requal-
ification projects’ contributions to ecosystem services. This approach could be useful in
different areas and cases of study, as well as it could be expanded with the concomitant
use of multiple techniques (e.g., software and models) to assess a superior number of ES.

5. Conclusions

The study shows that in urban and peri-urban regeneration projects, which often take
place at the fringe-zone of our cities, it is possible to increase the provision of ES—and
in particular of the regulating ones—thanks to the implementation of GI connected with
agroecological projects for implementing networks of trees and shrubs.

This case study in Milan, with the MPV project, aims at requalifying a neglected part
of the city, mainly thanks to urban and peri-urban agriculture exploiting the provision of
ES thanks to the GI development like a network of trees and shrubs. The research analy-
ses two alternative solutions, with different plantation schemes, tree sizes and densities.
Results show that the presence and the future development of this network, in both the
configurations, assure several ES, such as carbon sequestration, carbon storage, and an
overall air quality improvement. The choice between the two alternatives depends on
several aspects, as agricultural management, available time for the requalification and
economic resources. The evaluation of trees and shrubs’ role was carried out thanks to the
specific software—I-Tree Eco—to better understand and analyse ecological, economic and
social benefits derived by their presence. The Milano Porta Verde’s case study represents
challenges and opportunities linked to each requalification project, representing a replicable
example in similar conditions. Indeed, thanks to a careful species-selection, it is possible to
assure an increasing amount of regulating ES, providing a cost-effective solution and the
ongoing requalification project.
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