
Citation: Lux, M.S. Networks and

Fragments: An Integrative Approach

for Planning Urban Green

Infrastructures in Dense Urban Areas.

Land 2024, 13, 1859. https://doi.org/

10.3390/land13111859

Academic Editors: Michael Hensel,

Alessandra Battisti and Defne

Sunguroglu Hensel

Received: 31 August 2024

Revised: 1 November 2024

Accepted: 5 November 2024

Published: 7 November 2024

Copyright: © 2024 by the author.

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/).

Article

Networks and Fragments: An Integrative Approach for Planning
Urban Green Infrastructures in Dense Urban Areas
Maria Stella Lux

Department of Architecture, Built Environment and Construction Engineering, Politecnico di Milano, Piazza
Leonardo da Vinci, 32, 20133 Milan, Italy; mariastella.lux@polimi.it; Tel.: +39-3401374593

Abstract: The reintroduction of natural components into the urban environment has several benefits
for the adaptation of urban environments. The urban green infrastructure (UGI) approach makes it
possible to develop greening programs on a sound scientific basis and in connection with the ability
to provide ecosystem services. However, in practice, UGI programs are almost exclusively based on
the concept of a continuous green network, which requires large-scale interventions such as green
corridors and parks. This severely limits the extension of UGI in dense urban areas such as historic
centers. This article introduces the concept of green fragments and proposes an integrative approach
to support greater spatial flexibility of the UGI. By setting appropriate limits on the number and
proximity of green fragments, the resulting green system keeps functional connectivity despite being
physically discontinuous. The proposed approach was tested in the case study of the historical center
of Milan, leading to the proposal of integrations regarding the identification and mapping of the
existing UGI and the planning of its future extension.

Keywords: urban green infrastructure; green network; green fragments; urban courtyards; compact
city; Milan

1. Introduction

The current geological epoch is referred to as the Anthropocene due to the significant
human-induced impacts on Earth, which are affecting landscapes, ecosystems, and climates.
The urban environment represents an almost entirely anthropized context, built by humans
according to their needs and vision, which encapsulates both the potential and challenges
associated with anthropogenic transformations. The ongoing urbanization trends are sig-
nificantly challenging Earth’s capacity to support a similar growth pattern and provide
future generations with adequate resources. Consequently, urban research and strategic
planning have become essential in addressing the challenges of societal adaptation and
resilience. Cities occupy a pivotal role in these investigations as almost two-thirds of the
global population is expected to live in urban areas by 2030 [1]. Additionally, the concen-
tration of people, activities, and assets makes urban environments inherently vulnerable in
the face of increasing risks of climate change (CC), as stated for years by the IPCC [2].

Continuous and uncontrolled urban growth led to the rapid degradation of environ-
mental conditions and made it necessary for cities to transform their urban structures
to address new risk scenarios, fostering greater adaptability and resilience. The delicate
balance between urban environments and the surrounding natural landscape has been
progressively lost, resulting in a notable deficiency of green spaces in cities [3]. In this
framework, the reintroduction of natural components is seen as a key action to support
urban adaptation and to partially restore a balance with the rest of the biosphere [4]. Indeed,
the interconnection between the escalating risks associated with CC, the crucial role of
cities in the adaptation path, and the potential of nature-based solutions (NBSs) and green
infrastructure (GI) to provide adaptive responses to complex threats is now widely ac-
knowledged. The reintegration of natural elements and processes into urban environments
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is vital for enhancing urban adaptability [5]. However, the implementation of urban green
infrastructure (UGI) is confronted with significant challenges, including limited available
space for transformation, difficulties in modifying land use designations, and conflicts
over land exploitation. These challenges are particularly acute in dense urban areas and
historic areas. Traditional approaches to establishing continuous green networks are often
incompatible with these urban contexts, where conventional green solutions, such as green
corridors and large parks, are not feasible [6].

Based on the state of the art in theoretical research and practical experimentation, a
research gap is identified in the study of UGI strategies applicable to historic centers and
dense urban areas. The initial hypothesis is that the problem essentially lies in the spatial
scale of the elements considered for structuring the UGI. Thus, the research questions
are as follows: What are the spatial components of the UGI that are compatible with the
urban fabric of historic centers and dense urban areas? And how do we systematically
include small-scale components in the UGI strategy for dense urban areas? This study
proposes a complementary approach centered on the concept of ‘green fragments’, which
aims to adapt UGI strategies to the specific conditions of dense urban areas, thereby
extending opportunities for urban re-naturing. This proposed approach expands upon
the existing UGI planning framework, which encompasses the four stages of knowledge,
design, implementation, and maintenance, by incorporating integrative actions at each
stage. The refined methodology was applied and tested in the historic center of Milan,
leading to a proposed enhancement of the city’s current UGI strategy.

Following this introduction, the article includes a second section describing the back-
ground of the study and encompassing three main areas: (i) the CC scenario and sustainable
urban development; (ii) the concepts of UGI and NBSs; and (iii) the relevance of small-scale
green spaces. This section also discusses the progress of practical implementation in urban
planning, with two examples of best practices. The third section presents the materials and
method adopted for the study, which is described as follows: (i) the article’s objective of
proposing and structuring the concept of green fragments as a spatial unit to integrate the
UGI planning approach is defined; (ii) the integrative actions of the fragment approach are
described, divided into four phases; (iii) the case study of the historic center of the city of
Milan is introduced; and (iv) the data sources for the study are presented, highlighting the
initial issue of mapping the green system, where the network approach fails to identify the
presence and value of small-scale green elements. The fourth section presents the study’s
results according to the four phases of the proposed approach, covering the mapping of
green fragments, the identification of potential spaces to extend the fragment approach,
and suggestions for the implementation and monitoring of fragments. Finally, the results
are discussed, emphasizing their relevance beyond the case study.

2. Background

As mentioned in the introduction, the focus of this research lies in the identification of
spatial components of UGI that are compatible with the morphology of dense urban areas
and historic centers and in the systematic integration of small-scale components into UGI
strategies for these areas. Therefore, the research background can be organized into three
main areas: (a) the CC scenario and sustainable urban development; (b) the recognition
of GI and NBSs as a tool for urban adaptation; and (c) studies on small green spaces and
small-scale NBSs. Key references and the state of the art in these disciplinary areas are
presented below, along with practical examples of best practices.

2.1. Climate Change and Sustainable Urban Development

Since the 1970s, awareness has grown regarding the limitations of a development
model focused solely on economic growth [7]. This shift prompted recognition of anthro-
pogenic responsibilities in environmental degradation and resource consumption, marking
the beginning of European and international commitments to environmental protection.
From the 1990s onward, scientific research has provided evidence of ongoing CC. Within
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this context, the role of cities has also come into focus, as they are responsible for ap-
proximately 70% of global carbon emissions and 60% of resource use [8]. Additionally,
the interactions between urban forms, exposure, and vulnerability can produce climate
change-induced risks for cities, such as those associated with the urban heat island effect
and air pollution.

Recognizing the critical role of cities, international cooperation has led to shared com-
mitments, exemplified by the eleventh Sustainable Development Goal (SDG11) ‘Sustainable
Cities and Communities’ [9] and the urban-specific targets within the Paris Agreement [10].
In addition to the critical aspects linked to urban expansion, the IPCC highlights that
urban growth and transformation processes offer a critical opportunity, in the near term,
to advance climate-resilient development [11], and the IPCC is now working on a special
report on CC and cities (expected in 2027) as part of the seventh assessment cycle. These
fundamental milestones have reoriented urban planning and development within the
framework of environmental, economic, and social sustainability and have opened up a
relevant space for research and studies focused on sustainable urban design and strategies
for urban adaptation [12].

2.2. GI and NBSs for Urban Adaptation

In response to this evolving scenario with escalating risks, urban adaptation strategies
encompass all actions aimed at reducing vulnerability in response to the expected effects
of CC in the short–medium term. Among the solutions for urban adaptation, the role
of UGI and NBSs is now widely recognized [13]. The European Environmental Agency,
after considering several hazards increased by CC, stated that UGI and its management
plays a key role in global climate regulation [14]. Meanwhile, Seddon et al. highlighted
three different contributions of NBSs for reducing urban vulnerability, namely reducing
exposure to climate hazards; reducing sensitivity to adverse impacts; and building adaptive
capacity [15].

The concept of UGI can be seen as the contemporary evolution of the continuously
evolving relation between humans and nature. The relationship of proximity between
the city and the surrounding natural environment suddenly changed after the second
industrial revolution. Since then, the uncontrolled urban expansion increased to the extent
that urban inhabitants have completely lost any familiarity with nature. This process led to
a severe environmental degradation and several negative side effects, such as the urban
heat island, water management issues caused by soil impermeability, and high levels of
air pollution. Therefore, the reintroduction of nature into cities today addresses urgent
practical concerns in addition to the well-documented benefits for people’s psychological
and physical wellbeing [16]. In parallel, building on previous theories about green belts,
green axes, and garden cities, new concepts have been raised, such as that of the green
wedge, which seeks to solve the problem of reconnecting the urban area and the countryside,
acknowledging the problem of fair access to greenery [17]. From the 1990s, the role of nature
within urban environments started to be framed within a more scientific and structured
vision, and the concept of GI emerged. According to the definition adopted by the European
Commission, the GI is “a strategically planned network of natural and semi-natural areas
with other environmental features designed and managed to deliver a wide range of
ecosystem services” [18]. It comes from the awareness of the environmental degradation
caused by anthropic activities and urbanization processes and from the recognition of
the urgency to restore a sustainable balance. European and international institutions are
putting in increasing effort over the past decades to provide a solid framework for the
adoption of this concept in planning processes and policymaking [19–21], based on the
recognition of GI as an effective approach to face major urban environmental and social
challenges [22,23]. The GI strategy aims to restore an interconnected and multifunctional
network of green spaces in order to enhance the systemic behavior of natural components
and to provide multiple ecosystem services (ESs), including environmental, social, and
economic benefits [24].



Land 2024, 13, 1859 4 of 24

Several studies focused on the identification of the key principles of the GI approach
with minor differences among them. A key point here is to notice that connectivity is
generally listed first among these principles as it “is crucial to sustain species interactions
and diversity as well as to maintain the values and services of natural system” in urban
environments [25]. The relevance of planning connective green networks is linked with the
“added values derived from interlinking green spaces functionally and physically” [3], and
it is also relevant with reference to “equitable access, mobility and size/distance metrics
of available GI” [26]. From the landscape ecology perspective, connectivity has two main
components, structural and functional, which differs from the solely physical continuity and
should be assessed by considering the size and proximity between patches [27]. Following
connectivity, other relevant aspects should be considered, such as multi-functionality,
which refers to the ability of urban green spaces to provide ecological, socio-cultural, and
economic benefits simultaneously [6,28]; and the multi-scale approach, which refers to the
possibility of applying UGI at different spatial levels, from city regions to local projects,
with the aim of linking different levels within and beyond the urban scale in terms of
physical and functional relations. Additional guiding principles for planning UGIs refers
to the integration between green and gray infrastructures in urban environments and also
the need to establish proactive cooperation among different disciplines, seeking an inter-
and transdisciplinary approach in the definition of GI policies and programs [29]. Lastly,
the relevance of social inclusion and communities’ engagement has to be mentioned, as the
planning process for UGIs is also aimed at reducing social inequalities, guaranteeing an
equitable access to green spaces and promoting urban inclusiveness.

2.3. Small-Scale Green Solutions

Coherently with the aforementioned principles, various studies have focused on
different scales of the application of UGI and NBSs, ranging from the landscape level to the
individual building level [30,31]. UGI and NBSs are research fields that are similar in many
aspects, as both deal with reintroducing natural components into urban areas to address
specific challenges and contribute to urban sustainability [32]. However, the concept of UGI
emphasizes a planning perspective, while NBS is a broader umbrella concept that includes
more actions. The broad scope of the NBS and GI concepts corresponds to the trans-scalarity
of ecosystem functioning, where micro- and macro-cycles are linked in a mutually balanced
relationship [33]. Applications extend from rural contexts, such as the differentiation of
biotopes along agricultural margins and the maintenance of wetlands, to large-scale linear
solutions for managing watercourses or mitigating transportation infrastructures. Urban
applications include, for instance, features like bioswales to facilitate the natural water
cycle and the integration of greenery in parking areas and urban forestry. Reaching the
small- and very small-scale, the NBS concept incorporates actions at the building and block
level, such as green walls and green roofs, pocket parks, and community gardens [34].

The relevance of small urban green spaces is supported by various studies on the
psychological benefits of visual contact with greenery [35–37], which gained more and
more relevance during the COVID-19 pandemic, and the reduction of stress through daily
interaction with small green spaces [38,39]. There are also practical examples of small-scale
NBS implementations that have highlighted benefits in terms of the aesthetic revitalization
of degraded spaces and the promotion of a sense of belonging and community [40,41]. Yet,
at the strategic planning level, medium- to large-scale applications prevail, and there is a
lack of research supporting the integration of small-scale components.

Some studies also suggest that the systematic integration of small green spaces can
significantly contribute to UGI [42,43]. Simic et al. [44], in their analysis on community
gardens in Belgrade, emphasize that “small-scale greening projects could induce broader
transformation of the city’s green infrastructure, which might be more extensive and
economical than the one achieved via conventional top-down planning”. Meanwhile,
Sinou et al. [45] identify small-scale solutions such as urban courtyards, pocket parks,
parklets, and semi-enclosed urban spaces as the answer to the urban density in the city
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of Athens. A few more structured attempts to systematically integrate small green spaces
in an overall urban planning strategy for the UGI come from extremely densified Eastern
megacities, such as Harbin in China [46], where building density and space scarcity are not
comparable with European urban contexts.

2.4. Multi-Scale UGI Examples in Europe

Although scientific production on the subject is very prolific and the topics of ‘green
infrastructures’ and ‘urban adaptation’ are increasingly present in the daily debate, the
state of practice still lags behind the general objectives [47–49]. More recent studies provide
evidence of the ongoing progress of European cities’ policies and programs but still high-
light the presence of inconsistencies and lack of holistic vision [50,51]. It can be observed
that the relevance of small-scale green spaces and research on NBSs at the building or block
scale remain disconnected from the strategic design of UGI, and their practical applications
are often limited to the local scale, missing an overall urban perspective. Despite these
gaps, some good practices can be recognized across Europe. With respect to the purpose of
this study being to investigate the integration of GI in dense, historic urban areas and to
identify small-scale application strategies, the cases of Edinburgh and Barcelona deserve to
be discussed in more detail.

The case of Edinburgh (UK) is relevant as the urban landscape of the city combines
prominent natural features like open hills and wooded waterways with some of the densest
neighborhoods in the UK. Starting from 2009, the City of Edinburgh Council (CEC) worked
on an open space strategy (OSS) with the aim of improving the standard of existing green
space both in terms of quality and accessibility, minimizing the loss of green space to urban
development, and providing adequate open space provisions in new developments. The
OSS is based on an accurate analysis of the current provision and accessibility of urban
greenery, mapping the access to quality greenscapes at the building level. The strategic
document then set the standards to provide all citizens with adequate access to a high-
quality local green space, large green space, and play space. Additionally, it defines action
plans differentiated at the neighborhood scale to stipulate the approach towards improving
individual green spaces in line with the standards [52]. The OSS was first adopted in
2010, renewed and updated in 2017, and is currently under revision according to the
new objectives of the City Plan 2030 [53]. In addition, the city of Edinburgh has greatly
strengthened protection tools for privately owned trees [54] through the tree protection
order (TPO) and very clear guidelines on the responsibilities and obligations of private
individuals. These policies imply the recognition of the public value of private greenery
and the adoption of a multi-scale approach, effectively also reaching the micro-scale.

The case of Barcelona is also interesting with reference to UGI integration in dense his-
toric urban areas as it is one of the densest cities in Europe, hosting about 16,000 inhabitants
per km2. Also, Barcelona has been facing the effects of CC, intense urbanization, and a
compromised environmental situation earlier than other European cities and is therefore
also a pioneer in the development and experimentation of possible solutions. The city’s
commitment has been enshrined since 2002 with the elaboration of Agenda 21. This pro-
gram, while not explicitly mentioning the concept of GI, refers to a systemic and structural
vision of urban greenery and already supports a participatory approach for improving
urban environmental quality. The concept of GI was actively introduced in 2013 by the
Green Infrastructure and Biodiversity Plan 2020 [55], intending to increase the green area by
1 m2 per citizen before 2030, in line with the EU Biodiversity Strategy to 2020 and the related
strategies laid out by the UN by means of the Aichi targets for 2011–2020. The morpholog-
ical characters of the city and its urbanization history made it necessary to exploit every
available space with appropriate solutions. Thus, the plan considers essential the creation
of continuous green corridors linking the different green areas, but also urban gardens
and private greenery, recognizing that “traditionally, greenery has flourished in Barcelona
filling up empty, unused areas of the city and enhancing existing gardens”. This plan has
been recently updated by the Nature Plan 2021–2030 [56] and has also been integrated by
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several additional strategic documents such as the ‘Pla Buits’ (Vacant Plots Plan) and the
‘Plan director del arbolado de Barcelona 2017–2037’. The resulting UGI strategy includes
a good differentiation of green solutions, including small-scale ones, without losing an
overall strategic framework.

3. Materials and Methods
3.1. Aims and Objective

The GI approach is supported by a consistent and continuously evolving scientific
foundation as well as by the effort of international and European institutions to integrate
this notion in policies and practice. However, the practical implementation of these prin-
ciples in urban settings faces several challenges. UGI strategies refer to the concept of a
green network, which is a system designed to be as continuous as possible. Regarding
the identification of the existing UGI, the mosaic model has been commonly established
at the international level [57]. Consistent with the principles of landscape ecology, the
mosaic model is based on three main components: patches, which are “relatively homo-
geneous nonlinear area that (. . .) provides multiple functions including wildlife habitat,
aquifer recharge areas, or sources and sinks for species or nutrients”; corridors, which
are linear elements connecting different patches; and the matrix, which is the resulting
configuration of patches and corridors. This approach was defined with reference to the
landscape scale, but it is commonly also applied in urban areas. The identification of the
structuring elements of the UGI is combined with its assessment in terms of provision of
ESs [58,59]. On the other hand, concerning the creation of new components of the UGI, this
approach requires the availability of large transformable areas, making it more suitable
for the redevelopment of major urban roads or underutilized lands. Previous research has
highlighted the difficulties related to urban compactness. Gill et al. observed that “in many
existing urban areas where the built form is already established, it is not feasible to create
large new green-spaces” and recommended to introduce greenspace “creatively by making
the most of all opportunities” [13]. Russo and Cirella pointed out that “‘formal greenspaces’
(such as public parks) may not be sufficient to meet some residents’ needs, especially in
denser environments” [60], and Hansen et al. highlighted that, up to now, “the focus of
research on green spaces in compact cities is more generally on green space preservation
and allocation as well as corresponding strategies”, advocating for further research for
design strategies [6].

To overcome these barriers, this article aims to develop an integrative approach for the
planning of UGIs in dense urban areas. The proposed method is based on integrating the
concept of green networks with the concept of ‘green fragments’. This proposal is based
on the recognition of the difficulty of fitting medium- to large-scale elements like patches
and corridors into the morphology of compact urban areas and the acknowledgment of the
need to define small-scale spatial elements to make UGI more integrable in the dense urban
fabric. For this purpose, the concept of ‘green fragments’ is introduced [61], i.e., small-sized
green spaces, whose contribution to the UGI and ability to provide ESs depends on the
creation of a dense and widespread system. In the proposed approach, the term ‘green
fragments’ was chosen to highlight the difference and complementarity to the concept of a
‘green network’. The concept of ‘green fragments’ is based on evidence of the benefits of
even small green spaces, which has already been investigated in the literature, emphasizing
their social and environmental benefits [39,41,62]. However, the intention to configure these
spaces as essential and integral components of UGI, both with regard to the identification of
the existing green system and to its strategic planning, has so far been lacking. Some similar
concepts exist in the literature but with significant differences: studies on small public
urban green spaces (SPUGSs) only refers to public spaces [62]; parklets and pocket parks
specifically refer to design interventions for the revitalization of small areas through green
solutions [38]; the ‘urban oases’ fail to capture the systemic aspect [39]. Green fragments
are not meant to replace the structural elements of UGI (patches and corridors), but they
can densify, integrate, and strengthen the green network, especially where large-scale
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components can be hardly implemented. This is coherent with the present need, also
acknowledged by Mell and Whitten, “to be conscious of the complementary value of
differently sized resources, as they support the development of a network of spaces that can
service a wider range of socioeconomic and ecological needs when compared to a single
type of GI” [63]. From the methodological point of view, the green fragments approach can
fulfil the principle of UGI connectivity, but the way it is evaluated needs to be redefined. In
the network approach, connectivity is primarily expressed as physical continuity, which is
crucial for providing a favorable environment for biodiversity, water flow management,
and resource provision [64]. In dense urban areas, connectivity is greatly reduced, as is
the possibility of integrating continuous green networks. The connectivity of the green
fragments system is thus measured in terms of proximity and numerosity by setting a
minimum number and size threshold for fragments and a maximum distance between
them so that they can be considered functionally part of the same system.

3.2. A Complementary Approach for UGI

The development of an integrative methodological approach is grounded on the
schematization of the current process for UGI planning into four stages: knowledge, design,
implementation, and maintenance. This structuring aligns with that proposed by the EU
H2020 project URBINAT [65] and has also been integrated into European guidelines [66].
Recognizing the applicative limitations of the current process in dense urban areas, the
second step has been the proposal of additions for each methodological step aimed at
integrating the current procedure. The outcome is an improved approach to guide the
process of knowledge and design of UGI in a more comprehensive way and provide a
design outcome that is compatible with dense urban environments.

In Figure 1, the current UGI planning process based on the concept of green network
is represented by the upper line of green boxes. The orange boxes in the line below
represent the integrations proposed for each stage, corresponding to the application of
the fragment concept into the UGI planning process. The four methodological steps are
described hereafter.
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Figure 1. Refined methodology for UGI in dense urban areas combining the green network and
fragments approaches.

3.2.1. The Knowledge Phase

The first step includes all of the preliminary stages of defining what has to be con-
sidered as part of the UGI, how it can be identified in the urban landscape, and how it
should be mapped. As introduced in Section 3.1, currently, the identification of the green
network refers to the mosaic model and is applied in urban areas by integrating input
data from land use maps and local topographic databases. Established procedures allow
us to effectively identify the main patches and corridors [67,68]. The main limitation is
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that this mapping process does not achieve a sufficient level of detail and generally sim-
plifies historic centers and consolidated urban areas as an undifferentiated dense urban
fabric, as is further discussed in the following Section 3.4. The integration of the green
fragment concept is aligned with the need to boost a multi-scale development of UGI, as
highlighted by Villanova et al. [69], and aims at strengthening the role of small-scale spatial
components. This requires first of all the ability to identify, map, and assess the existing
green fragments within the urban environment by combining different data sources to
reach a higher spatial resolution and effectively also include private green spaces. Data
extracted from high-resolution remote sensing and satellite images proved to be relevant in
this respect [70,71].

3.2.2. The Design Phase

Once the existing situation has been mapped and assessed, the strategic design phase
of the UGI generally aims to strengthen the system of patches and corridors through the
transformation of urban areas and the creation of new ecological connections. Again, there
is a problem of scale and spatial resolution that makes the structural elements of the mosaic
model incompatible with the dense urban matrix. Green fragments represent an integration
to the existing green network if they are planned as a coherent system composed of several
discontinuous pieces. For this reason, the identification of suitable areas for creating new
green fragments involves a clustering process based on criteria of numerosity and proximity.
This approach ensures functional connectivity and maximizes the provision of ecosystem
benefits [27].

3.2.3. The Implementation Phase

Following the approach of the design phase, the most common current practice consists
of major interventions which, due to space and investment requirements, affect almost
exclusively the public space. While it is true that minor interventions also exist, these
generally lie outside the strategic planning of UGI. Minor green projects are neither planned
as part of the UGI nor registered by urban ecological mapping, although they certainly
offer local benefits [72]. The green fragments approach implies a significant reduction in
the scale of interventions and an increase in their number. What remains from the network
approach is the systemic vision and the subordination of specific design choices to common
principles and objectives. It is essential that the implementation of principles remain clearly
and unambiguously defined and that fragmentation only pertains to the physical scale of
implementation. The reduction in scale possibly also leads to a change in ownership of both
the areas that host existing green fragments and those that constitute potential expansion
areas. While the green network relies mostly on public space, this approach pushes in the
direction of greater blending between public and private engagement. Consequently, while
the implementation of patches and corridors is fundamentally a public initiative, private
entities take on a primary role for the realization of new green fragments, with coordination
and support being provided by the public planning authority. This phase can beneficially
incorporate co-design procedures [73] and community engagement in the UGI planning
processes [74].

3.2.4. The Maintenance Phase

As a consequence of the process described above, the existing and planned green
networks are an integral part of the urban public green system managed by the local
administrative bodies. Therefore, monitoring and maintenance tasks are delegated to public
administration at the municipal or metropolitan level. In this scenario, green elements that
are not extended enough to be considered within the urban green network are not even
recognized, and this also has consequences on their monitoring, leading to a risk of further
loss of natural components. The equal inclusion of private spaces in the green fragment
system envisages a greater sharing of responsibilities in the monitoring and maintenance of
both existing and future green fragments. The enhancement of public–private partnerships
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is envisaged [75,76], as well as collaborative governance tools to support private initiatives
coordinated towards common objectives defined at the urban scale [77].

3.3. Case Study

To assess the real effectiveness and applicability of the green fragments concept, the
historic center of Milan was selected as a case study. The urban growth of Milan has led it to
become a metropolitan city in 2014. Milan’s growth has historically followed radial patterns,
with the northern area characterized by nearly continuous urbanization and a concentration
of industrial activities, while the southern territory has remained largely dedicated to
agricultural lands. The scale of urban growth and population density has exacerbated
the city’s problems, including the urban heat island effect, water management challenges,
and air pollution. These issues are further intensified by the Po Valley’s geography, which
hinders wind circulation.

To face these challenges, Milan has been a leader in Italy in adopting CC adaptation
measures. From the administrative perspective, the city updated its internal organization
by establishing the Directorate for Environmental Transition in 2019. Additionally, the
Territorial Governance Plan Milano 2030 (PGT Milano 2030) serves as the primary reference
for identifying, evaluating, and mapping existing green areas, as well as defining strategies,
priorities, and areas for the future development of UGI. Among the nine strategic points
guiding the plan, two are particularly relevant with respect to the UGI: Strategy 5, “Creating
Space for the Environment: Projects for Land and Water”, and Strategy 6, “Designing a
New Ecology: Sustainability Standards”.

The plan addresses aspects such as “Afforestation and Urban Drainage”, “Green and
Blue Infrastructure and the Municipal Ecological Network”, and “Green Management”
under Strategy 5, along with the introduction of a Climate Impact Reduction Index and
the concept of ecosystem services under Strategy 6. In practical terms, the UGI expansion
program, following the green network model, envisioned the creation of 20 new parks in
abandoned areas and former railway stations, along with new green linear connections,
exploiting the empty spaces of a shrinking city to reintroduce natural components [78,79].
The proposal for this UGI approach comes from a study initiated by the Associazione
Interessi Metropolitani (AIM) and the landscape firm LAND in 2003. The outcome of that
study was the ‘Raggi Verdi’ (green rays) masterplan, consistent with the concept of green
wedges and with the mosaic model. In its original version, the program assumed the
extension of the rays to the heart of the city through the historic center [17,78]. However,
when the Comune di Milano included this proposal into its plan for the governance of the
territory (PGT) in 2005, only the development of the rays from the perimeter of the center
outwards was incorporated. This in fact confirms the practical difficulties of extending the
green network in the dense historical center due to the lack of transformable space. For this
reason, the historic center, defined by the inner ring road, was chosen as a case study to
experiment and verify the applicability of the green fragments concept.

As already mentioned, PGT Milano 2030 represents a primary data source for the
current mapping of the UGI and the strategic plans for its extension. Additionally, three
main sources of data have been used: version 6 of DUSAF, which is the regional atlas of
land use and land covers developed in compliance with European Corine Land Cover
(CLC) standards; DBT 2012, i.e., the territorial database of Milan; and the tree canopy
cover (TCC) mapping conducted by the FORESTAMI project. To understand the specific
contributions and limitations of these three data sources, it is crucial to consider the diverse
purposes of them, all of which pertain to urban greenery but from different perspectives:

• DUSAF serves as a land use atlas and is useful for a large-scale evaluation of the eco-
logical performance of territorial systems, but it cannot provide detailed information;

• DBT is a local database aimed at supporting public planning processes. It is based
on the acquisition of aerial images from March 2012 with a significantly higher reso-
lution than DUSAF. Information about vegetation is contained within Layer 06, and
specifically, the layer of interest is A060401, corresponding to ‘green areas’;
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• TCC represents the mapping of the tree canopy, excluding other types of greenery
such as shrubs or grass. The mapping has been performed by the FORESTAMI project
for the Municipality of Milan, based on NDVI calculation on satellite imagery with
a resolution of 3 m, and has been corrected by interpolating data from DUSAF, DBT,
and the Global Service.

3.4. Mapping Urban Green Networks and Fragments

As described in the previous sections, a major difference between the green network
and the green fragments is the scale. For this reason, it is crucial to define protocols for
the identification of the structuring elements of the UGI, in accordance with the principles
introduced in Section 2. Referring to the concept of green networks, existing protocols can
be applied to identify the main components (patches and corridors) of the urban green
matrix, such as the one proposed by Delgado-Capel and Cariñanos [68]. Their framework
takes spatial distribution, extension, and the capacity to improve inhabitants’ wellbeing
through the provision of ESs as classification criteria. It results in a categorization of
urban green areas as cores, nodes, links, and green spaces defined as ‘other’ areas. The
identification of target areas to be included in the mapping of the UGI is based on land
uses and their corresponding capacity of providing ESs, as established by Maes, Paracchini,
and Zulian [80]. In order to apply this protocol to the case study of Milan, first, the
correspondence of CLC classes and DUSAF6 classes has been established. Table 1 reports a
selection of the land uses that are pertinent to the identification of UGI in the case of Milan
(i.e., those that are actually present) and the categorization of their ES provision capacity.
The qualitative assessment of ES provision capacity is based on the detailed identification
of ESs associated with each CLC class proposed by Maes et al. [80] and is further specified
for the case of Milan based on previous research [81–85].

Table 1. Correspondence between CLC and DUSAF6 classes and assessment of the capacity of
providing provisioning, regulating, and cultural ES.

CLC DUSAF6 ES Provision Capacity

Level 4 Prov Reg Cult

1.4.1 Green urban areas 1411—Parks and ornamental gardens low med high
1412—Uncultivated green areas low low low

2.1.1 Non-irrigated arable land
2111—Cultivated lands med low low

2112—Cultivated lands with trees med med low
21,131—Open-field vegetable crops med low low

2115—Vegetable gardens low low low

2.1.3 Rice fields 213—Rice fields med low low

2.2 Fruit trees and berry
plantations

222—Orchards low med med
2241—Poplar groves high med low

2242—Other agricultural woody crops high med low

2.3.1 Pastures 2311—Permanent grasslands low med low
2312—Permanent grasslands with scattered trees and shrubs med high low

3.1 Forest

31,111—Middle-high density coppice-governed broad-leaved
forest high high med

31,121—Low density coppice-governed broad-leaved forest med high med
3113—Riparian woodlands med high med
314—Recent afforestation med high med

3.2.2 Moors and heathland 3223—Vegetation of raised embankments low med low

3.2.4 Transitional
woodland-scrub

3241— Shrubby—with sparse trees low med med
3242—Bushy formations on abandoned meadows

4.1.1 Inland marshes 411—Vegetation of inland humid meadows and peat bogs low high low

5.1.1 Water courses 511—Natural water streams and canalized rivers low low med

5.1.2 Water bodies 512—Water bodies low med med
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Then, the identification of the key components of the green network is performed,
and they are classified as corridors, core patches, nodes, and other areas according to
their spatial configuration, their surface extension, and their capacity of providing ESs, as
shown in Figure 2. The result is the green matrix of Milan, i.e., the mapping of the UGI
according to the concept of green networks (Figure 3). It highlights the ecological value
of green corridors, green rings, peri-urban agricultural areas, and large urban parks as
structural elements of the GI, with a number of additional spaces complementing the major
areas. This preliminary mapping of the UGI consistent with the network approach has
been performed while considering the entire urban area of Milan, as it is functional to
highlight the effectiveness of this approach in identifying the main features of the UGI at
the urban scale, but it results in a limited grasp of the specific situation of the historic center.
Here, only two core patches can be recognized, namely Parco Sempione and Giardini Indro
Montanelli, whose relevance mostly regards the recreational offer. The other green areas are
classified as nodes because of their location in the downtown district, but most of them are
actually smaller than 10,000 m2. Following the results obtained through this protocol and
based on the mosaic model and green network concept, we obtain that the historic center is
hosting a very limited number of key components of UGI. This is true if we only consider
the large-scale components of nodes, patches, and corridors as part of the UGI. However,
this analysis is not exhaustive, particularly where green areas are more fragmented and
are at a smaller scale. Therefore, it becomes necessary to move to a more detailed spatial
analysis level.
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In this regard, the two additional data sources of DBT and TCC play a fundamental role
in refining the identification of green elements and complementing the identification of the
main network with an understanding of the system of green fragments. The comparison
among DUSAF, DBT, and TCC in providing an exhaustive image of urban greenery is
presented analytically in Table 2 and visually in Figure 4.
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Table 2. Analytic comparison between DUSAF, DBT, and TCC for mapping urban green components.

Source Green Areas in the Municipality
of Milan (km2) Green Areas in the Historic Centre (km2)

TOT TOT Public Private

DUSAF 6 28.07 0.95 0.84 (88.8%) 0.11 (11.2%)
DBT 2012 30.50 1.19 0.66 (55.5%) 0.53 (44.5%)

TCC
FORESTAMI 37.78 1.54 1.01 (66.0%) 0.52 (34.0%)

From the analytical comparison, it is relevant to notice the consistent share of greenery
hosted by private spaces, captured both by DBT and TCC. However, the limitations of DBT
are evident from the visual comparison of a sample area, where several courtyards with a
significant number of trees are excluded from the green areas’ identification performed by
the DBT. Among the three data sources utilized, DBT 2012 is the one that most prominently
emphasizes the role of private spaces in the historic center in accommodating existing
greenery (with a recorded percentage of private green of 44.5%). Considering that a
significant portion of private green areas likely eludes this mapping, as evidenced by the
comparison with TCC, it is inferred that the actual percentage is probably even higher.
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Figure 5 provides some examples of green areas only recorded by the TCC mapping. These
data suggest the need for greater attention to the investigation of private spaces and the
utility of cross-checking with other mapping tools already available, such as TCC.

Thus, to proceed further with the mapping of green fragments, an assessment of
the current situation of private open spaces has been performed. Within the study area,
private open spaces mainly consist of courtyards inside the urban blocks and cover an
area of 1.6 km2, which corresponds to 19% of the entire area of the historic center [86].
This percentage also includes already green and non-transformable areas. Out of the 6302
private open spaces registered in DBT, the result is that about one-third hosts at least one
tree (from the intersection with the TCC layer) and about one-fourth is at least partially
registered as green area (from the DBT layer A060401). The distribution of the recorded
greenery among the private open spaces is schematized in Figure 6.
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4. Results

Taking into account the reduced applicability of the concept of green networks and
the current way of considering the UGI to the study area, a comprehensive integrative
approach, focused on the concept of green fragments, has been developed and applied to
the case study of Milan. This approach systematically supplements and harmonizes the
existing set of tools and procedures employed in the city’s green planning. The result is
an improved process, which integrates the network and fragment concepts, allowing for a
more comprehensive understanding of the UGI and supporting differentiated planning
activities. At the macro scale, it encompasses the principal green network, and at the micro
scale, it is centered on green fragments.

To include the green fragments in the mapping of the urban green system, integrative
modifications are proposed. Firstly, to integrate the DBT mapping, it is proposed to refer to
the currently available and more comprehensive data, namely the mapping of the TCC, to
identify the main deficiencies in the DBT mapping and prioritize areas for data verification
and integration. This process has been applied to the historic center area as shown in
Figure 7, but it has the potential to be extended to other areas.
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By subtracting the green areas already registered by the DBT from the TCC area,
1929 courtyards are identified where the presence of trees is recorded by TCC but the DBT
does not register any green area. Selecting only those courtyards with more than 80 m2 of
difference in green coverage, 479 courtyards are identified, where it is a priority to conduct
in situ verifications to correct and integrate the DBT mapping. Figure 8 shows the two
levels of priority for the verification and integration of the green mapping in DBT. This
outcome can be used to update the two main tools currently in use for the identification of
the UGI in Milan, namely Level 06 of the DBT and Sheet D03 of the planning document of
PGT Milano 2030 (PGT DdP D03), which reports the municipal ecological network (Rete
Ecologica Comunale—REC) and is used to support transformation and planning processes.
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Moving on to the design and implementation phases, the proposed integration in-
volves introducing the fragment approach into the strategic planning of the UGI. This
intends to complement the existing program of major interventions focused on large public
areas with an additional program of minor interventions to be carried out, including private
spaces, inner courtyards, and other discontinuous urban spaces. To practically implement
this approach into Milan’s UGI strategy, a selection and prioritization of intervention areas
have been carried out. Firstly, based off the potential areas identified by the FORESTAMI
project [87], the scope of intervention has been limited to residential areas, following the
DUSAF6 classification. Secondly, a selection criterion based on accessibility was added,
and spaces with semi-direct access (with vehicular access from the street) were chosen.
Green fragments may be identified in areas with non-residential uses and in non-accessible
spaces, but these filter criteria are intended to maximize the real possibility of including
the green fragment system in an overall vision of UGI. In practical terms, this choice led
to a reduction in the number of private open spaces from 6302 to 5316 residential spaces
and then to 702 considering the possibility of semi-direct access, as shown in Figure 9.
Thirdly, to ensure the connectivity of green fragments system, parameters for quantity and
proximity were set to identify clusters of courtyards in the urban fabric where coordinated
interventions can have a greater impact. Clustering was constrained by a minimum number
of elements per cluster, set at 15, and a maximum distance between elements within the
same cluster, set at 150 m. These parameters were established based on various experi-
ments to optimize the number of clusters identified in the study area and encourage the
grouping of courtyards in adjacent buildings. The result of the clustering operation resulted
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in 13 groups of courtyards (Figure 10), including 442 courtyards in total and covering an
overall area of 110,663 m2.
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Figure 10. Clustering of residential courtyards with semi-direct access for extending the UGI.

Among the identified clusters, an additional priority classification was applied based
on the presence of existing greenery, as summarized in Table 3. For example, Cluster 1,
where the DBT does not record any green areas, is instead occupied by almost half of its
surface by trees according to TCC mapping. In this case, the priority is more likely to
be updating the mappings rather than implementing greening interventions. A medium
priority was assigned to clusters with a TCC of over 20% and at least partially consistent
DBT data. The other clusters, those with a TCC of less than 20%, have high priority.
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Table 3. Courtyards clusters for priority extension of the UGI.

Cluster
Name

No. of
Court
Yards

Average
Size
(m2)

Overall
Size
(m2)

Green
(DBT)
m2 %

TCC (FORESTAMI)
m2 % Priority

1 S. Maria
Grazie 30 371 11,140 0 0% 5292 48% low

2 Magenta 44 222 9786 347 4% 830 8% high

3 Sant’Agostino 30 177 5320 149 3% 631 12% high

4 Corso
Genova 18 196 3533 0 0% 0 0% high

5 Via Cesare
Correnti 22 201 4430 644 15% 508 11% high

6 Torre dei
Gorani 38 242 9215 735 8% 1882 20% medium

7 Largo la
Foppa 37 257 9538 1219 13% 1228 13% high

8 Brera 64 225 14,404 2717 19% 3398 24% medium

9 Largo Treves 28 197 5540 153 3% 820 15% high

10 Porta Nuova 39 409 15,979 2461 15% 3331 21% medium

11 Quadrilatero 38 177 6759 942 14% 1111 16% high

12 Viale Majno 37 268 9933 2185 22% 2272 23% medium

13 Besana 17 298 5079 0 0% 573 11% high

TOT 442 250 110,663 11,556 10% 21,926 20%

Thus, by considering these fragmented spaces as a single system subject to a coherent
strategy, Milan’s current UGI plan can be supplemented with measures appropriate to the
scale of intervention. Possible and useful initiatives in these spaces mainly concern the
depaving of the soil, the increase in the permeable surface area to facilitate the infiltration of
rainwater and relieve the sewerage system in the event of heavy rainfall, and the inclusion
of vegetation for shading and natural cooling of the local microclimate. Relevant references
for a strategic management of private open spaces can be found in the planning documents
of various American cities oriented towards distributed stormwater management [88–90],
as well as in the comprehensive lists of urban NBSs, such as those produced by the
World Bank [30] and by LabSimUrb of Politecnico di Milano [31], and also in previous
successful urban experiences, such as the WeerWoord toolkit proposed for the Rotterdam
municipality [91–93].

Lastly, for the monitoring and maintenance phase, it becomes necessary to adapt the
current tools and procedures to a potential future UGI composed of a major green network
and system of green fragments. This shift evidently presents challenges for the public
administration, which would first witness an increase in green areas to monitor (a desirable
outcome) and, at the same time, would involve the need to establish new forms of collabo-
ration with private actors. Therefore, the key role of private entities and individual citizens
becomes crucial, especially in this final stage. In a UGI program based on transforming
private spaces into green fragments, the public administration takes on the responsibility
of drafting guidelines, promoting informational activities, and updating administrative
tools, while citizens are expected to become active collaborators with the municipality in
maintenance and monitoring activities, realizing that their choices regarding their own
properties can have a broader impact. The transformation of private spaces into green
fragments offers direct benefits to nearby residents by increasing their proximity and visual
access to green spaces while also benefiting the broader community by contributing to the
urban ecological network. On this point, effective communication by public authorities can
play a key role in activating private initiatives, as demonstrated by experiences, especially
from cities in the Netherlands, such as The Hague and Rotterdam [94–96]. Similarly, the
effectiveness of co-creation processes in orienting private decisions emerged from some
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experiences in the Stockholm region [97]. In the case of Milan, some kinds of public–private
partnerships already exist, such as the possibility for citizens of sponsoring the creation
of green flowerbeds in front of their apartment blocks. However, for the most part, these
are interventions on public land in which the private party only acts as a financial spon-
sor. In contrast, building regulations are still very weak in regulating and guiding the
transformation of private open space for the purpose of participating in the UGI.

5. Discussion

The main result of this research is the evidence of the barriers in the integration
of the network approach in dense urban areas and the proposal for complementing it
with the concept of green fragments. This proposal supports the extension of urban UGI
programs in urban areas currently excluded from the green planning, such as historic
centers. The concept of green fragments makes it possible to extend the UGI where the
network approach cannot be integrated for spatial reasons, but it can also complement the
current approach and be used to strengthen the green network. The proposed approach
is generally replicable, as it was developed independently of the case study and emerged
from evidence obtained through the literature review, specifically identifying research and
a practical gap in the application of UGI strategies in dense urban areas. Based on the
application in the historic center of Milan, the relevance of this method for other urban
historic areas can be recognized.

The case study of Milan led to specific integrative proposals regarding the phases
of investigation, mapping, and planning of the municipal ecological network. It also
highlighted inconsistencies and discrepancies between current sources of data on urban
greenery. The results obtained in the study area show the effectiveness of this approach,
resulting in the identification of 479 private open spaces for the priority check of existing
green fragments. These areas should be included in the urban green system of the city in
order to ensure their preservation and maintenance. Additionally, 442 private open spaces
grouped in 13 clusters have been selected for the extension of the green system by realizing
new green fragments. As shown in Figure 11, the fragments approach (b) can effectively
complement the current network (a) by proposing a re-scaling of the UGI appropriate to
the morphological characteristics of the context.

Some relevant aspects need a remark. First, the focus on private spaces is a result
with broader significance beyond the individual case study. The compactness of the urban
morphology and the scarcity of transformable public space are common and recurring
features in various historical centers and dense urban areas, at least in Europe. Differently,
the specification of the focus on residential private spaces is specific to Milan. In the
case study, the relevance of the residential context emerged from previous studies [87]
and is linked to the morphological characteristics of the city, with courtyard houses and
closed urban blocks. In other cases of historical cities shaped, for example, on medieval
narrow allotments or in contexts with different building regulations, this specific outcome
may vary.

Second, the introduction of the green fragments concept in the planning of UGI
requires overcoming the interpretation of connectivity in terms of physical continuity,
incorporating the scientific basis of physical and functional connectivity in the planning
process. This proposal arises from the observed incompatibility between the continuous
network approach and the compact urban matrix common to many historic centers and
densified urban areas. This barrier to the integration of green networks suggests the
exploration of more flexible integrative methods that respect the systemic sense of GI and
maintain its overall objectives while not strictly adhering to the requirement of physical
continuity. In any case, the systemic coherence of the GI must be ensured by setting a
threshold on the numerosity and proximity of green fragments that can be adapted to
different contexts.

Third, the proposed method implies a change in the role of private citizens who, from
spectators or sponsors of public initiatives, should become active promoters of the GI
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realization. As for similar experiences of citizen engagement in small-scale urban greening
actions [98], this active involvement can contribute significantly to building cohesive and
resilient urban communities, strengthening positive people–place relationships.

The fourth point: what monitoring tools could be used to objectively assess the
functioning of the UGI based on fragments (patches)? The current UGI concept, based
on continuity, has been scientifically proven. How about the idea of fragments? What
procedures could be used, and in what timeframe, to verify whether the fragments-based
concept of UGI works properly?
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UGI program of PGT Milano 2030 surrounds the center but does not fit into it due to the spatial
incompatibility of large-scale solutions in the compact urban matrix; (b) the proposed system of
existing and potential green fragments complements the main network by ensuring good integration
into the morphology of the historic center.

Lastly, there is a clear need to update the tools for monitoring and evaluating the
effectiveness of the green fragment system. The first step in this regard is to develop a
more comprehensive and accurate mapping that also includes private green spaces. This
requires consideration of both the management of private land, documenting the current
situation and setting targets for achieving a certain percentage of permeable and/or green
areas, as well as the presence of vegetation, particularly large trees, to be cataloged as
part of the urban green heritage, as in the case of Edinburgh. Moreover, as highlighted
by other experiences [94], promoting citizens’ engagement can foster a recruitment of
volunteers who can help to maintain urban biodiversity in private green fragments, as well
as participate in monitoring and maintaining green areas, for example, through community
initiatives or the reporting of unauthorized work on private green areas and trees. Lastly,
the long-term evaluation of the effectiveness and quality of the green fragment approach
can be assessed by referring to existing indicators and parameters at the urban block or
parcel scale, such as surface permeability, the presence of green stormwater management
systems, micro-habitat creation and the presence of native vegetation, the adoption of
non-polluting lighting systems, square meters of green space per capita, or the number of
newly planted trees [12]. The flexibility of the fragment approach also appeared promising
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for making urban environments truly compliant with the 3-30-300 rule proposed by Cecil
Konijnendijk and progressively adopted at the European level, which aims to provide
equitable access to trees and green spaces by setting the thresholds of having at least three
well-established trees in view from every home, school, and place of work; no less than
a 30% tree canopy in every neighborhood; and no more than 300 m to the nearest public
green space from every residence [99].

Turning towards discussing the limitations of this research, firstly, it is essential to
emphasize the scarcity of theoretical and practical references to GI programs not based on
the network approach and suitable for historical centers or other densified urban areas.
On the one hand, this highlights the innovative nature of the research and underscores
the need to fill a research gap, but on the other hand, it constitutes a lack of references
and opportunities for comparison. Additionally, the proposed concept of green fragments
and the consequent engagement of private areas requires a consistent updating of the
urban regulations and integration of the UGI plans. This step is crucial for overcoming
the current barriers to the implementation of UGI in some areas and requires a dialogue
with policymakers and stakeholders. Alongside the integrative changes to the governance
system, another theme requiring future exploration is the financing method to support a
GI program focused on private spaces.

6. Conclusions

In conclusion, this article aims to highlight the need to integrate the current UGI
approach by exploring integrative approaches. The main lesson learned from the review of
scientific literature on the topic, the evidence of a gap between theory and practice, and the
analyses developed for the Milan case study concerns the importance of reconnecting the
UGI concept with the morphological specificities of different urban contexts. If the most
common and widespread solutions cannot be applied in dense areas such as historic centers,
this does not mean that there is no room for intervention; often, the context itself suggests
the way forward. This awareness encourages other researchers to continue critically
investigating the limitations of the network approach in its current application, identify
other excluded areas, study the reasons behind this exclusion, and propose solutions. As
discussed, the proposal of green fragments has potential validity for other cities and urban
areas beyond historic centers, but there are also other options, such as integrating green
solutions at the building scale. The overarching theme that remains is the integration of
these actions into a coherent urban-scale program, consistent with the principles of the
UGI. Finally, this study provides the city of Milan, as well as other cities with similar
characteristics, with a starting point to strengthen their UGI policies and explore new
modes of participatory collaboration with their citizens.
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