
sustainability

Article

Nature-Based Solutions for Storm Water Management—
Creation of a Green Infrastructure Suitability Map as a Tool for
Land-Use Planning at the Municipal Level in the Province of
Monza-Brianza (Italy)

Giulio Senes 1,* , Paolo Stefano Ferrario 1, Gianpaolo Cirone 1, Natalia Fumagalli 1 , Paolo Frattini 2 ,
Giovanna Sacchi 3 and Giorgio Valè 4

����������
�������

Citation: Senes, G.; Ferrario, P.S.;

Cirone, G.; Fumagalli, N.; Frattini, P.;

Sacchi, G.; Valè, G. Nature-Based

Solutions for Storm Water

Management—Creation of a Green

Infrastructure Suitability Map as a

Tool for Land-Use Planning at the

Municipal Level in the Province of

Monza-Brianza (Italy). Sustainability

2021, 13, 6124. https://doi.org/

10.3390/su13116124

Academic Editors: Israa H.

Mahmoud, Eugenio Morello,

Giuseppe Salvia and Emma Puerari

Received: 15 February 2021

Accepted: 24 May 2021

Published: 28 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Agricultural and Environmental Sciences, University of Milano, 20133 Milan, Italy;
paolo.ferrario@unimi.it (P.S.F.); gianpaolo.cirone@unimi.it (G.C.); natalia.fumagalli@unimi.it (N.F.)

2 Department of Earth and Environmental Sciences, University of Milano Bicocca, 20126 Milan, Italy;
paolo.frattini@unimib.it

3 Studio Geologia Sacchi, 24121 Bergamo, Italy; studio.giovannasacchi@gmail.com
4 BrianzAcque s.r.l, 20900 Monza, Italy; giorgio.vale@brianzacque.it
* Correspondence: giulio.senes@unimi.it; Tel.: +39-02-503-16885

Abstract: Growing and uncontrolled urbanization and climate change (with an associated increase in
the frequency of intense meteoric events) have led to a rising number of flooding events in urban
areas due to the insufficient capacity of conventional drainage systems. Nature-Based Solutions
represent a contribution to addressing these problems through the creation of a multifunctional
green infrastructure, both in urban areas and in the countryside. The aim of this work was to
develop a methodology to define Green Infrastructure for stormwater management at the municipal
level. The methodology is defined on the basis of three phases: the definition of the territorial
information needed, the production of base maps, and the production of a Suitability Map. In the
first phase, we define the information needed for the identification of non-urbanized areas where
rainwater can potentially infiltrate, as well as areas with soil characteristics that can exclude or limit
rainwater infiltration. In the second phase, we constructed the following base maps: a “map of
green areas”, a “map of natural surface infiltration potential” and a “map of exclusion areas”. In
phase 3, starting from the base maps created in phase 2 and using Geographical Information Systems’
(GIS) geoprocessing procedures, the “Green area compatibility map to realize Green Infrastructure”,
the “map of areas not suitable for infiltration” and the final “Green Infrastructure Suitability Map”
are created. This methodology should help municipal authorities to set up Green Infrastructure
Suitability Maps as a tool for land-use planning.

Keywords: spatial planning; nature-based solutions; green infrastructure; rainwater management

1. Introduction

Land take and soil sealing are the most evident and worrying consequences of grow-
ing and uncontrolled urbanization. Climate change, with an associated increase in the
frequency of intense meteoric events, have led to an increasing number of flooding events
in urban areas due to the insufficient capacity of conventional drainage systems.

Urban rainwater drainage systems are essential infrastructures for cities, which are
needed to collect and convey rainwater away. Conventional stormwater management
systems (so-called gray infrastructures) are systems primarily oriented towards a single
objective: the control of water quantities. In Italy, most of the grey infrastructure is
represented by the sewerage network [1]. It is a “mixed network” which collects both
rainwater and wastewater, then transports it to the treatment plant. Due to this network
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characteristic, despite significant developments, it remains difficult to implement a fully
efficient conventional urban drainage system [2].

Intense urbanization over the past few decades has significantly changed land-uses
and greatly increased the proportion of impermeable surfaces around the world [3–5].
This rise in the percentage of sealed soils has changed urban hydrological systems, as
demonstrated by the increase in surface water runoff and peaks of maximum flow, the
decrease in the amount of rainwater infiltrated into the soil, alterations in the recharge
cycle of aquifers and the deterioration of water quality [6–10].

These factors, along with the combined effect of climate change-induced intense
meteoric events, have caused a higher frequency of flooding in urban areas [11].

At present, there exists a need to consider other important aspects of water manage-
ment in urban environments: the quality of the water itself, the ecological and recreational
value of locations and their visual quality, the aesthetic aspect and architectural form of
drainage systems and the possibility of reusing the volumes of water conveyed [12].

Over the last two decades, the academic and professional worlds have increasingly
investigated the effectiveness of using Nature-Based Solutions (NBS) for the creation
of a multifunctional green infrastructure, both in urban areas and in the countryside.
The European Commission defines NBS as “solutions that are inspired and supported
by nature, which are cost-effective, simultaneously provide environmental, social and
economic benefits and help build resilience. Such solutions bring more and more diverse,
nature and natural features and processes into cities, landscapes and seascapes, through
locally adapted, resource-efficient and systemic interventions. Nature-based solutions
must benefit biodiversity and support the delivery of a range of ecosystem services” [13].

Nature-based solutions can contribute to stormwater management both by reducing
the volume and flow rate of stormwater runoff and removing contaminants from stormwa-
ter. Nature-based solutions such as urban parks and open spaces, wetlands, green roofs,
bioswales, rain gardens and detention and retention ponds promote water storage and
infiltration, reducing stormwater runoff [14–16]. Cities with combined sewer infrastructure
will see improvements from nature-based solutions arising from reductions in stormwater
quantity and reduced sewage overflows [16].

Nature-based solutions are attractive in combination with grey infrastructure, not
only for stormwater management but also for properly considering the full spectrum of
co-benefits and their integration within wider GI networks [16,17].

The interdisciplinary concept of ecosystem services (the benefits in terms of goods
and services to humans provided by nature) [18] helps to understand the suite of services
that the different types of NBSs deliver to the human society, among which we can find
stormwater management [16].

The scientific literature related to NBSs for stormwater management has presented
a diversified terminology to describe their principles and practices, in relation to local
situations and different contexts. Different terms have been used to define similar concepts
in different parts of the world, sometimes generating contradictions and confusion [14].

The term Low Impact Development (LID), used mainly in North America, refers to
small-scale water treatment works close to the point of origin of runoff [19], while the term
Best Management Practice (BMP) describes interventions and practices designed to prevent
pollution [14]. Water Sensitive Urban Design (WSUD) has been used since the early 1990s
in Australia, with the main objective of managing the water balance, while the concept
of Integrated Urban Water Management (IUWM) refers, more broadly, to the integrated
management of all parts of the water cycle at the catchment level.

The term Sustainable Drainage Systems (SuDS) originated from the UK and it includes
a range of techniques used to drain water by restoring drainage conditions existing prior
to site development [20].

The concept of Green Infrastructure (GI) was developed in the USA in the 1990s [21]
and represents a term referring not only to rainwater management. Its origins were derived
from landscape architecture and landscape ecology.
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Green Infrastructure can be 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. [ . . . ] One of the key attractions of GI is its ability to perform
several functions in the same spatial area, in contrast to most ‘grey’ infrastructures, which
usually have only one single objective [ . . . ]. Green Infrastructure is made up of a wide
range of different environmental features that can operate at different scales, from small
linear features such as hedgerows or green roofs to entire functional ecosystems [ . . . ].
Each one of these elements can contribute to GI in urban, peri-urban and rural areas, inside
and outside protected areas” [22].

Green Infrastructure plays an important role in stormwater management (in addition
to the existing grey infrastructure), enhancing natural processes such as infiltration, evapo-
transpiration and filtering and reuse of water [23]. Green Infrastructure for stormwater
management provides several benefits, such as rainwater detention, flood alleviation,
fewer sewer overflow events and the reduction of management costs for grey infrastruc-
ture [24,25].

In Italy, several regional authorities have adopted laws and regulations aimed at
planners and designers in order to satisfy the hydraulic-hydrologic invariance (HHI)
principles in land-use plans and new developments design (i.e., the maximum outflow rate
should be at greenfield runoff) [26]. These principles can be carried out by dimensioning
appropriate grey infrastructure (e.g., water storage tanks) or nature-based solutions to
balance the soil sealing effects [27].

In 2017, the Lombardy Region adopted a new regulation related to HHI which obliges
municipalities to set up a hydraulic risk management plan that should identify, among
other things, areas suitable for rainwater infiltration.

The aim of this work was to develop a methodology to identify areas where there
was the potential to install Green Infrastructure for stormwater management at the munici-
pal level, in particular infiltration SuDSs which reduce both the flow and the volume of
runoff [28]. This methodology should help municipal authorities to set up Green Infrastruc-
ture Suitability Maps as a tool for land-use planning [29–33]. This work is part of a broader
study involving several entities (universities and professionals), promoted by BrianzAcque
SRL, a public water management company for municipalities in Monza-Brianza province
(Italy). The paper presents the results of the first part of the study. In the second part
(still ongoing) we are analyzing the existing drainage network (the sewer network) in
order to define where and how to carry out specific interventions to solve the problems of
insufficiency of the drainage network, through the modeling of the networks.

2. Materials and Methods

In a preliminary step, the factors to be taken into consideration for identifying the
areas suitable for the realization of green infrastructure for stormwater management were
analyzed through a review of the available literature.

Several authors [28,34–37] have agreed about the use of Geographical Information
Systems (GIS) as support systems for the localization of NBS. GIS allows users to manage
and consider many territorial characteristics, overlay geographic data layers, develop
models based on raster and vector data, support choices of land-use planning, and define
possible alternative scenarios.

From the review of the methodologies proposed by various authors, it emerged that
the main factors considered are slope, soil type and land use.

The slope determines a considerable influence on the localization of NBS, limiting
infiltration and increasing surface runoff. According to several authors [29,35,38], natural
solutions for detention and infiltration should be realized in areas with slopes not exceeding
15%. In this sense, zones with inadequate slopes represent areas to be excluded in the
definition of green infrastructure.
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With regard to the type of soil, the most important parameter considered is the
infiltration potential, expressed as the saturated hydraulic conductivity value (m/s) [35,39].
These data can be derived from pedological–lithological maps, if available, with a good
level of detail, or through direct survey and infiltration testing.

In urban areas, the permeability characteristics of soils can vary significantly, due to
compaction caused by buildings and other uses [40]; for these reasons, direct surveys are
generally necessary to define the characteristics of the infiltration potential at a specific site.
Tredway and Havlick [41] also underlined the usefulness of carrying out, where necessary,
any work to improve the infiltration rate of the soil.

Land use is a fundamental topic as the possibility of natural infiltration depends on
the presence of non-impervious surfaces. Land use and the proportion of green space
available in a given area determine the behavior of surface waters and affect exposure to
floods [28–30]. Land-use maps provide information about the green areas that are compati-
ble with the possibility of infiltration and, at the same time, allow for the identification of
different impervious surfaces and the estimation of possible surface runoff [28–31,42–44].

The proposed methodology was defined on the basis of three phases (see Figure 1):
(I) Definition of the information needed; (II) Production of the base maps; and (III) Pro-
duction of the Suitability Map. We further present, as a case study, an application of the
methodology to the municipality of Caponago (in the province of Monza-Brianza).
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Figure 1. Phases of the methodology proposed for the definition of Green Infrastructure for stormwa-
ter management.

2.1. Definition of the Information Needed (Phase I)

During this phase, we defined the information needed for the identification, on the
one hand, of non-urbanized areas where rainwater can potentially infiltrate and, on the
other hand, areas with soil characteristics that can exclude or limit rainwater infiltration.
Secondly, we selected the most suitable information based on their availability, territorial
coverage, scale and updating.

Most of the data analyzed were either produced by the Lombardy Region and made
available on their geoportal or produced by the municipalities involved.

2.2. Production of the Base Maps (Phase II)

In phase II, the following base maps were produced: a map of green areas, a map of
natural surface infiltration potential and a map of exclusion areas.

2.2.1. Map of Green Areas

In relation to the green areas potentially available for infiltration (phase II, map 1 of
Figure 1), we followed a specific procedure, which is shown in Figure 2.
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First of all, an analysis of the available geographical databases concerning the theme of
land-use/land-cover was carried out. In particular, the following data sources were analyzed:

• The land-use database “DUSAF”, produced by Lombardy Region;
• The topographic database “DBT”, produced by Lombardy Region and Municipalities;
• Maps contained in Municipal urban plans, produced by Municipalities.

The Land-use database DUSAF is a geographical database produced for the last
20 years by the Lombardy Region. The first version was created by the photo-interpretation
of digital orthophotos (IT2000 program, frames from 1998 to 1999); subsequent updates
were made in 2005, 2006, 2007, 2009, 2012 and 2015, up to the latest update available with
orthophotos in 2018 (DUSAF 6). The database has a level of detail compatible with the
scale of 1:10,000 (minimum mapped area = 1600 m2) and uses a legend structured in classes
and subclasses. It is available, for the entire Region, in shapefile format.

The Topographic database DBT represents the reference base of the Regional Informa-
tion System at the municipal level. Its creation was overseen by the regional law n.12/2005
and it has been produced by the municipalities at 1:1000–1:2000 scales. With reference
to vegetation, the DBT includes agro-forest areas (agricultural crops, woods, pasture—
uncultivated, areas temporarily not vegetated) and urban green areas (green areas, rows,
trees). The update year differs from municipality to municipality and varies from 2007 to
2015; it is available as a shapefile for most of the regional territory.

The maps of the municipal urban plan are specific to each municipality; in the case
of Caponago, information on green areas is contained in the maps “Destination of land
use” and “Components of environmental systems” (2011, scale 1:5000), which identify
agricultural areas, wooded areas and green areas of public interest, such as parks and
gardens. They are only available in pdf format.

From a comparison of the above-mentioned databases, the following considerations
emerged: The DUSAF database represents the official land-use map of the Lombardy
Region, which is particularly suitable for obtaining information about green areas in extra-
urban contexts (e.g., agricultural, wooded and semi-natural areas); however, the level of
detail of the DUSAF may not be sufficient in the urban context. It has been updated to 2018.

The DBT contains information with a greater level of detail in the urban context and
includes, in addition to public green spaces, private areas. It contains green areas connected
to the transport network (e.g., traffic islands, roundabouts). The DBT of Caponago has
been updated to 2015.
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The maps of the Municipal urban plan (PGT) of Caponago contain information on
green areas that are less detailed and less updated than the DUSAF and DBT. In the urban
context, only public green areas are detected (not private).

Based on the information available, and the objectives of the project, we defined the
classes of green areas to map as:

1. Agricultural, wooded and semi-natural areas;
2. Urban green areas;
3. Green areas connected to the transport network.

In order to have the most updated and accurate data, we decided to map the green
areas by integrating information from different sources.

We used the DUSAF database as a data source for agricultural, wooded and semi-
natural areas (1), mainly located in the extra-urban context and the DBT green areas
connected to the transport network (3).

For urban green areas (2), the choice of data source (DBT or PGT) was made by
evaluating the following conditions (in hierarchical order):

• Availability of data in shapefile format, including not only public green areas but also
private green areas (i.e., annexed to residential areas, industrial areas etc.);

• Completeness of the data related to green cover;
• Up-to-date data (we preferred to use the most recent data).

In this work, we used the DBT for urban green areas (2), (as shown in Table 1) as
it satisfied all three conditions (unlike the PGT); it is available in shapefile format, it is
complete with regard to green cover and it is more up-to-date.

Table 1. Urban green areas: availability, completeness and update for Caponago.

Urban Green Area Conditions PGT DBT

Availability no yes
Completeness no yes

Update yes yes

After selecting the databases to be used, we proceeded with the extraction of the data
and the creation of the final database. With regard to agricultural, wooded and semi-natural
areas mainly located in the extra-urban context, polygons were extracted from the DUSAF
database. With regard to urban green areas, polygons were extracted from the DBT (only
for the portion of the territory in the urban context). A check was carried out in order to
identify any changes in land-use through visual analysis of the most recent satellite images
available (Google, ESRI) and digital orthophotos available on the Lombardy geoportal.

With regard to green areas connected to the road network, polygons were extracted
from the DBT. All the derived layers were then merged into a single shapefile, creating a
field containing the final classification, as reported in Table 2.

As required by the Lombardy regional law, we analyzed the whole municipal territory.
This is also coherent with the need to give land-use planners information related to all
the not yet urbanized areas of the municipality, in order that they can take into account
different factors for the decision of the new urbanizations to include in the land use plans.

The map of green areas (phase II, map 1 of Figure 1) was produced at 1:5000 scale
(Figure 3).
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Table 2. Map of green areas: final classes.

Class Type

Urban green areas

garden
flowerbed

trees
other green area

Green areas connected to transport network traffic island/roundabout
parking strip

Agricultural, wooded and semi-natural areas

crop
crop with trees
horticultural

horticultural (greenhouse)
floricultural and plant nursery

vineyard
grassland

grassland with trees
orchard

vegetable garden
deciduous wood

reforestation
riparian wood

bushes
bushes in abandoned agricultural lands
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2.2.2. Map of Natural Surface Infiltration Potential

The second map of the procedure (phase II, map 2 of Figure 1) is related to the natural
surface infiltration potential. It expresses the capacity of water to infiltrate through the
most superficial layers of the soil. It is useful for the study of hydraulic risk and the
evaluation of infiltration strategies. The map was built through a zoning of the territory
into geological units that are “average homogeneous”, from the point of view of infiltration,
for each of which a saturated hydraulic conductivity value (m/s) was estimated. The zones
were derived from the geological cartography available—in particular, from the Regional
Geological Map at 1:10000 scale (“CARG” project)—integrated with other information from
the geological cartography of the municipal urban plan.
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The infiltration values were derived from an empirical estimation of the permeability
of the different lithofacies, based on the available surveys and corrected by infiltration tests.

With regard to the study area, the geological units were derived from the geological
map of the municipal urban plan. The Regional Geological Map (CARG) is not available
at present. The delimited units were “average homogeneous”, from the point of view of
the surface infiltration potential and may present heterogeneity in different specific sites
(Table 3).

Table 3. Characteristics of the geological units in Caponago.

Geological Unit CARG Code Description

Unità di Besnate Bes Fluvioglacial and glacial deposits, slightly
weathered, up to 4 m. Sporadic Loess deposits.

Sintema del Po Pg

Gravels, sands and silts from recent fluvial
deposits, lacustrine deposits, slope and colluvial
deposits, landslide deposits. Fresh upper surface,
characterized by entisols and inceptisols.

Once zoning was carried out, a saturated hydraulic conductivity value was assigned
to the units and appropriately reclassified into hydrofacies, thanks to the availability of
infiltration data obtained by surveys at variable depth (Figure 4).
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The association of infiltration values derived from infiltration tests to the geological
units allowed us to estimate a reference value for each unit and, thus, to proceed to the
mapping of the infiltration potential. Being a parameter that varies over several orders
of magnitude, it was considered appropriate to consider the logarithm of the infiltration
potential and to average the available values.

Table 4 shows the reference values of saturated hydraulic conductivity (m/s) related
to the different classes of infiltration potential, whereas Table 5 shows the attribution of the
final class of surface infiltration potential to each geological unit in the study area.

The map of natural surface infiltration potential (phase II, map 2 of Figure 1) is
represented in Figure 5.
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Table 4. Classes of surface potential infiltration.

Classes of Surface Infiltration Potential Reference Values of Saturated Hydraulic
Conductivity (m/s)

Very high >10−2

High 10−2–10−3

Medium 10−3–10−4

Low 10−4–10−5

Very low <10−5

Table 5. Surface potential infiltration classes assigned to the geological units in Caponago.

Geological Unit CARG Code Surface Potential Infiltration Class

Unità di Besnate Bes Low
Sintema del Po Pg Medium
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2.2.3. Map of Exclusion Areas

The third map of the procedure (phase II, map 3 of Figure 1) is related to the exclusion
areas. These are portions of the territory that have hydrogeological characteristics such
that the infiltration of water could represent a risk to the safety of the population. These
areas were identified on the basis of laws and regulations and were derived from various
territorial plans, such as:

• The Flood Risk Management Plan (PGRA) of the Po river basin, as established from
the EU Floods Directive (60/2007);

• The Hydrogeological Plan of the Po river (PAI), provided by the Po river basin author-
ity;

• A geological feasibility map of the municipal urban plan;
• A geological general map of the municipal urban plan.

The layers, in shapefile format, were derived from these data and the map of exclusion
areas was produced, as shown in Figure 6.
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Figure 6. Map of exclusion areas for the municipality of Caponago. They represent the portions
of the territory that have hydrogeological characteristics such that the infiltration of water could
represent a risk to the safety of the population.

As already mentioned, land morphology must be also considered in order to exclude
areas with inadequate slopes. The construction of a Digital Terrain Model (DTM) allowed
us to identify areas with a slope greater than 15%. In the territory of Caponago, the slope
never exceeded this value.

3. Results

In phase III of the procedure, first the “Green area compatibility map to realize the
Green Infrastructure” (phase III, map 4 of Figure 1) was created. Then, using a GIS overlay
procedure, this map was combined, after the assignment of appropriate weights, with the
Map of natural surface infiltration potential (phase II, map 2 of Figure 1) and the map of
exclusion areas (phase II, map 3 of Figure 1), in order to create the final Green Infrastructure
Suitability Map (phase III, map 5 of Figure 1).

3.1. Green Area Compatibility Map to Realize the Green Infrastructure

We derived the “Green area compatibility map to realize the Green Infrastructure”
by giving a compatibility score to each green area typology in the map of green areas.
The compatibility score expresses how compatible each green area typology is with the
realization of the Green Infrastructure for rainwater management.

In order to provide an appropriate compatibility score, we identified the “equipped
green areas” (i.e., those with benches, playgrounds and so on) using municipal maps,
satellite images and Google Street View (Figure 7).

The compatibility score was derived through the aggregation of different characteris-
tics: Naturalness [N], Anthropic presence [A], Productive value [P] and Urban context [U].
Each characteristic was assessed by assigning a value ranging from 1 (low presence of the
characteristic) to 5 (maximum presence of the characteristic).
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Figure 7. Identification of “equipped green areas” using municipal maps, satellite images and Google
Street View. In the example, only the area “A” is classified as an “equipped green area”.

The compatibility score was directly proportional to naturalness and urban context
while being inversely proportional to the anthropic presence and productive value. Every
single score was then calculated as follows:

• Naturalness score [Ns] = [N];
• Urban context score [Us] = [U];
• Anthropic presence score [As] = 5 − [A] + 1;
• Productive value score [Ps] = 5 − [P] + 1.

The Total Compatibility score [TCs] for each green area (see Table 6) was finally
calculated as follows:

[TCs] = [Ns] + [Us] + [As] + [Ps].

Green areas were finally reclassified, according to the TCs value, into three compatibil-
ity classes: High compatibility (TCs = 16–20), medium compatibility (TCs = 10–15) and low
compatibility (TCs = 4–9). The Green area compatibility map to realize the GI was then
produced, as shown in Figure 8.
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Table 6. Compatibility scores for green area classes. H: high; M: medium; L: low.

Type of Green Area

Value of the Characteristic Compatibility Score
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Equipped green area 1 5 1 5 1 1 5 5 12 M
Garden 4 1 1 1 4 5 5 1 15 M

Garden in urban context (uc) 4 1 1 5 4 5 5 5 19 H
Trees 4 1 1 1 4 5 5 1 15 M

Trees uc 4 1 1 5 4 5 5 5 19 H
Other green area 4 1 1 1 4 5 5 1 15 M

Other green area uc 4 1 1 5 4 5 5 5 19 H
Flowerbed 1 2 1 1 1 4 5 1 11 M

Flowerbed uc 1 2 1 5 1 4 5 5 15 M
Traffic island/roundabout 1 2 1 1 1 4 5 1 11 M

Traffic island/roundabout uc 1 2 1 5 1 4 5 5 15 M
Parking strip 1 5 1 1 1 1 5 1 8 L

Parking strip uc 1 5 1 5 1 1 5 5 12 M
Floricultural and plant nursery 1 5 5 1 1 1 1 1 4 L

Floricultural and plant nursery uc 1 5 5 5 1 1 1 5 8 L
Horticultural 1 5 5 1 1 1 1 1 4 L

Horticultural uc 1 5 5 5 1 1 1 5 8 L
Horticultural (greenhouse) 1 5 5 1 1 1 1 1 4 L

Horticultural (greenhouse) uc 1 5 5 5 1 1 1 5 8 L
Vegetable garden 2 3 3 1 2 3 3 1 9 L

Vegetable garden uc 2 3 3 5 2 3 3 5 13 M
Crop 2 3 4 1 2 3 2 1 8 L

Crop uc 2 3 4 5 2 3 2 5 12 M
Crop with trees 3 2 3 1 3 4 3 1 11 M

Crop with trees uc 3 2 3 5 3 4 3 5 15 M
Orchard 2 3 5 1 2 3 1 1 7 L

Orchard uc 2 3 5 5 2 3 1 5 11 M
Vineyard 2 3 5 1 2 3 1 1 7 L

Vineyard uc 2 3 5 5 2 3 1 5 11 M
Grassland 3 2 3 1 3 4 3 1 11 M

Grassland uc 3 2 3 5 3 4 3 5 15 M
Grassland with trees 4 2 2 1 4 4 4 1 13 M

Grassland with trees uc 4 2 2 5 4 4 4 5 17 H
Deciduous wood 4 2 2 1 4 4 4 1 13 M

Deciduous wood uc 4 2 2 5 4 4 4 5 17 H
Reforestation 4 2 2 1 4 4 4 1 13 M

Reforestation uc 4 2 2 5 4 4 4 5 17 H
Riparian wood 5 1 1 1 5 5 5 1 16 H

Riparian wood uc 5 1 1 5 5 5 5 5 20 H
Bushes 5 1 1 1 5 5 5 1 16 H

Bushes uc 5 1 1 5 5 5 5 5 20 H
Bushes in abandoned agricultural lands 5 1 1 1 5 5 5 1 16 H

Bushes in abandoned agricultural land uc 5 1 1 5 5 5 5 5 20 H



Sustainability 2021, 13, 6124 13 of 18

3.2. Weighting Procedure for Potential Infiltration and Exclusion Areas

The Green Infrastructure Suitability Map was produced by overlaying (with GIS)
the Green area compatibility map to realize the GI, the map of natural surface infiltration
potential and the map of exclusion areas.

The Green area compatibility map to realize the GI was, in fact, reduced by the
potential infiltration of soil and the presence of areas where it is not possible to infiltrate.

For this reason, a weight (ranging from 0 to 1) was assigned to each infiltration
potential class and to each exclusion area (Table 7) in order to take into account the
reduction of the compatibility, which could remain unchanged (weight = 1) or decrease to
a minimum (weight = 0).

Table 7. Weights assigned to potential infiltration and exclusion areas.

Potential Infiltration [PI] Saturated Hydraulic Conductivity (m/s) Weight [WPI]

High 10−2–10−3 1.0
Medium 10−3–10−4 0.7

Low 10−4–10−5 0.5
Very low <10−5 0.1

Exclusion Areas [EA] Weight [WEA]

Absolute protection area of wells, buffer zone of wells, flooded area,
contaminated area, quarry, frequently flooded areas (return period of

20–50 years)
0.0

Not frequently flooded areas (return period of 100–200 years), rarely flooded
areas (return period of p > 200 years), groundwater vulnerability to pollution 1

3.3. Green Infrastructure Suitability Map

Once the three maps had been overlaid, the Green Infrastructure Suitability Map
(Figure 9) was produced, classifying the total Green Infrastructure Suitability score into six
classes [GI-Suit] (Table 8). [GI-Suit] was calculated as the product of the Total Compatibility
score [TCs] and the weights [WPI] and [WEA], according to the following formula:

[GI − Suit] = [TCs]·[WPI]·[WEA].
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Table 8. GI-Suit Scores and Green infrastructure suitability classes.

Score of [GI-Suit] Classes of Green Infrastructure Suitability

0 Null
1–7 Low

7–10 Medium–Low
10–13 Medium
13–15 Medium–High
16–20 High

4. Discussion and Conclusions
4.1. Discussion

The methodology applied to the study area allowed us to quantify the availability of
green areas that are useful for the creation of GI at the municipal level.

The non-sealed areas in the municipality of Caponago cover 337.56 ha, equal to 67.28%
of the municipal area (501.73 ha). The remaining areas are water (0.58%) and impervious
surfaces (32.15%).

Most of these areas are agricultural, wooded and semi-natural areas (50.74% of the
municipal area and 74.42% of the green areas), while urban green areas represent 15.13% of
the municipal area and 22.48% of green areas. Significantly lower percentages concerned
green areas connected to the transport network (Table 9).

Table 9. Municipal green areas: Values in ha, % of municipal area [ma] and % of total green areas [tga].

Green Area Class Area (ha) % of ma % of tga

Agricultural, wooded and semi-natural areas 254.60 50.74 75.42
Green areas connected to the transport network 7.07 1.41 2.09

Urban green areas 75.89 15.13 22.48
Total 337.56 67.28 100.00

Despite the small size of the municipality of Caponago, the characteristics of the study
area are those typical of an area with intermediate land-use intensity. Valtanen et al. [9]
described three study areas in the city of Lahti (Finland) according to their land-use intensity
and type: from high land-use intensity (80% of impervious area) to low land-use intensity
(14% of impervious area). Yao et al. [5] and Du et al. [8] reported situations relating to large
Chinese cities with impervious surfaces ranging from 20% to 50%. Surma [43] reported
three case studies in Poland with impervious surfaces ranging from 19.8% to 47.5%.

With regards to the areas compatible with the construction of GI, the green areas with
high compatibility are close to urban areas and road networks (Figure 8) and represent
17.64% of the municipal territory and 26.22% of the total green areas. This means that
about three-quarters of the permeable areas of the municipality have from medium to null
compatibility with the construction of GI (Table 10).

Among the green areas with high compatibility, the prevailing class was made up of
Urban green areas (14.33% of the municipal area, 21.30% of total green areas). Among the
areas with medium compatibility, the main class was represented by agricultural, wooded
and semi-natural areas, with 18.19% of the municipal territory and 27.03% of the total green
areas.

About green areas suitable for the construction of the GI, there are no areas with high
suitability. This is due to the fact that the characteristics of the soils are such that the natural
surface infiltration potential is medium or low (Figure 5) and the relative maximum weight
is, therefore, 0.7 (Table 7). Charlesworth et al. [28] and Muthanna et al. [36] also reported
very small percentages (2.5% and 3.2%) of areas suitable for infiltration SuDS in the city of
Coventry (UK) and Trondheim (Norway) respectively.

The areas with medium-high suitability (10.14 ha) represent 2.02% of the municipal
area and 3% of the total green areas (Table 11). 6.05 ha are urban green areas and 4.09 are
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agricultural, wooded and semi-natural areas. No green areas connected to the transport
network are included in the medium-high suitability class.

Table 10. Municipal areas compatible with creating GI: Values in ha, % of municipal area [ma] and % of total green
areas [tga].

Class of Green Area
High Compatibility Medium Compatibility Low Compatibility

ha % of ma % of tga ha % of ma % of tga ha % of ma % of tga

Agric., wooded and
semi-natural 16.62 3.31 4.92 91.24 18.19 27.03 146.74 29.25 43.47

Green areas connec. transport 0.00 0.00 0.00 7.07 1.41 2.09 0.00 0.00 0.00
Urban green areas 71.9 14.33 21.30 3.99 0.80 1.18 0.00 0.00 0.00

Total 88.52 17.64 26.22 102.3 20.39 30.31 146.74 29.25 43.47

Table 11. Suitability of municipal areas for creating GI: Values in ha, % of municipal area [ma], and % of total green
areas [tga].

Class of Green Area
Medium-High

Suitability
Medium

Suitability
Medium-Low

Suitability Low Suitability Null Suitability

ha % of
ma

% of
tga ha % of

ma
% of
tga ha % of

ma
% of
tga ha % of

ma
% of
tga ha % of

ma
% of
tga

Agric., wooded, and
semi-natural 4.09 0.82 1.21 0.7 0.14 0.21 12.39 2.47 3.67 214.9 42.83 63.65 22.55 4.49 6.68

Green areas connec.
transp. 0.00 0.00 0.00 0.00 0.00 0.00 6.02 1.20 1.78 0.00 0.00 0.00 1.04 0.21 0.31

Urban green areas 6.05 1.21 1.79 0.17 0.03 0.05 51.86 10.34 15.36 0.52 0.10 0.15 17.58 3.50 5.21
Total 10.14 2.02 3 0.87 0.17 0.26 70 14.01 20.82 215.4 42.93 63.81 44.06 8.78 12.20

The agricultural, wooded and semi-natural areas are very close to the urban area
(Figure 10) so they are indeed interesting for the sustainable management of rainwater.
Christman et al. [27] also reported the presence of a percentage (between 5% and 22%) of
non-urban areas among the high-priority GSI (Green Stormwater Infrastructure) imple-
mentation sites in the city of Philadelphia (USA).
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Only 27% of urban green areas with medium-high suitability for the construction of
the GI are public areas. The remaining 73% is private, 68% residential and 5% industrial
(Figure 10). Dhakal and Chevalier [24] reported a similar average percentage (65–75%) of
private land in five American cities (Portland, Seattle, Philadelphia, Chicago, and Syracuse),
noting that incentives and other programs offered to private landowners have produced
encouraging results.

The areas with medium-low suitability constitute 14.01% of the municipality and
20.82% of the green areas. The areas with low suitability represent 42.93% of the municipal-
ity and 63.81% of the green areas.

4.2. Conclusions

The proposed Green Infrastructure Suitability Map is a tool that municipal authorities
can use as:

• An informative basis in the land-use planning process in order to set up or update the
municipal plan (PGT) with reference to rainwater management, in accordance with
the regulations of Lombardy Region;

• A necessary knowledge basis for the definition of municipal stormwater management
plans, particularly related to the choice of the most appropriate NBS for each location.

The localization of the most appropriate intervention must be made on the basis of
the assessed territorial characteristics, type of prevalent function required (e.g., detention,
retention, flow control, infiltration, filtration, or evapotranspiration), context (urban or
rural–natural), expected use (accessible to people or not), and maintenance needs.

Our work is still in progress. The Green Infrastructure Suitability Map is the first step
towards the development of a more complete process of identifying the type of NBS which
is best suited to address various specific local problems.
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