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Abstract: Adopting an interdisciplinary approach and framing sustainability issues from a resili-
ence perspective, our paper first aimed to highlight nature-based solutions (NBSs) as levers to foster
sustainable cities consistent with Agenda 2030-SDG 11 (2015) and the New Urban Agenda (Habitat
III, 2016). Second, we empirically analyzed two Italian municipalities that are experimenting with
initiatives of sustainable urban management and planning based on NBSs: the Municipality of
Lucca in Tuscany and the Municipality of Latina in the Latium Region. These municipalities present
institutional and socioeconomic similarities, making them an interesting study setting that allows
us to draw significant lessons. We conducted four research steps: (1) theoretical background analy-
sis, including resilience thinking in sustainable urban management. We investigated the role of
NBSs in enabling urban resilience according to the last level of resilience, i.e., the transformative
level. (2) We studied the contributions of NBSs to sustainable cities and resilience thinking. (3) We
analyzed the NBSs’ projects of Lucca and Latina, and (4) we proposed an urban managerial tool:
the NBSs’ curve, which facilitates the estimation of the NBS ecosystem endowment. The results of
the NBS initiatives presented in this study have a two-fold value. First, they aim to combine citizens’
well-being with ecological and environmental aspects by better managing urban spaces that facili-
tate interpersonal relationships and resource sharing. Second, they are developed to meet the needs
of local groups by serving as a stimulus (Fridays For Future movement) and as enablers (local asso-
ciations) of managed actions. The lessons learned about the enhancement of sustainable cities
through NBSs were thoroughly debated.

Keywords: sustainable cities; nature-based solutions (NBSs); resilience; agenda 2030; environmen-
tal policy; sustainable urban management

1. Introduction

Starting with the first industrial revolution, the exponential rise of cities seems to
configure a transition from the “anthropocene” [1] to a new era that the esteemed theo-
retical physicist and complex systems scholar, Geoffrey West, has called the “urbanocene”
[2]. While cities are vibrant laboratories teeming with ideas, innovation, social coopera-
tion, and wealth creation [3,4], exponential urbanization is one of the most significant
challenges to global sustainability across issues from climate change and its environmen-
tal impacts to crises due to the unavailability of food, water, energy, and essential public
services such as health care, urban public transport networks, and public housing.

Considering this perspective, nature-based solutions (NBSs) are a relatively new con-
cept introduced in the late 2000s by the World Bank [5] and the International Union for
Conservation of Nature (IUCN) [6] to emphasize the importance of biodiversity conser-
vation for climate change mitigation and adaptation. It was then adopted by the European
Commission’s [7] “DG Research and Innovation” and defined as follows:
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“Solutions that are inspired and supported by nature, which are cost-effective, simultaneously pro-
vide 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 sea-
scapes, through locally adapted, resource-efficient and systemic interventions.”

(See the website in the list of references, Section 1.)

Thus, adopting an interdisciplinary approach and framing the sustainability issue
from a resilience perspective, our work aimed first to highlight NBSs as levers to foster
sustainable cities consistent with Agenda 2030-SDG 11 (targets 11. B, 11. C, and 11.6 2015)
and the New Urban Agenda (Habitat III, 2016). Second, through empirical research, we
analyzed two Italian municipalities that experienced (and continue to experiment with)
urban/sustainable management and planning initiatives based on NBSs: the Municipality
of Lucca in Tuscany and the Municipality of Latina in the Latium Region. Lucca is one of
the most important, historical, medium-sized cities, and Latina is a medium-sized city
located in central Italy (for details, see Section 4.1) born in the 1930s.

According to these two main goals, our study involved four steps. (1) Theoretical
background analysis: including resilience thinking in sustainable urban management
(Section 2). We investigated the role of NBSs in enabling urban resilience according to the
last level of resilience, i.e., the transformative level. As dramatically seen during the
COVID-19 pandemic, a crucial aspect of development is the ability to bounce forward
(rather than bounce back) and to learn from past difficulties. (2) We studied the contribu-
tions of NBSs to sustainable cities and resilience thinking (Section 3). (3) We analyzed the
NBSs’ projects of Lucca and Latina (Section 4). We focused on Lucca and Latina because
they represent a case of medium-sized cities adopting NBSs against big cities already
widely studied in Italy. However, they are characterized by different historical paths
(Lucca is a historic Tuscan town founded in 300 B.C., and Latina was founded relatively
recently as it was built in the 1930s). Moreover, in both cases, the promoted initiatives
were developed in line with the needs of local groups. They acted as a stimulus (Fridays
For Future movement (FFF)) and as enablers (in the case of urban gardening, local associ-
ations) of the managed actions, making them not a result of top-down processes but
shared actions developed in agreement with representatives of civil society. When evalu-
ating the gap between the “as is” situation with respect to the “to be” situation to improve
the urban context from the socio-ecological point of view, it is crucial to assess the current
position in terms of the endowment of NBSs and the flow of the needed services. Thus,
(4) we proposed an urban managerial tool, the NBSs’ curve, which facilitates the evalua-
tion of the NBSs’ ecosystem endowment (Section 5). The lessons learned about the en-
hancement of sustainable cities through NBSs were thoroughly debated.

2. The Rise of the Urbanocene: The Need to Include Resilience Thinking in Sustaina-
ble Urban Management

Cities are primarily responsible for the constant growth of environmental pressure
with the increasing exploitation of natural resources and the consequent impact on the
environment and people’s health [8-10]. The population explosion in recent years has oc-
curred in parallel with the exponential urbanization of the planet. Half of the world’s pop-
ulation and three-quarters of Europe’s population live in urban areas. By 2030, urban ar-
eas are expected to have 60% of the global population, and one in three people will live in
cities with at least half a million inhabitants. Trends are driven primarily by India, China,
and Nigeria, with Delhi becoming the world’s most populated metropolis as of 2028 [11].

Facing these challenging trends in a mode that is consistent with the aims of sustain-
able cities—as called for by the 2030 Agenda—SDG 11 [Making Cities and Human Settle-
ments Inclusive, Safe, Resilient, and Sustainable, in particular, targets 11. B, 11. C, and
11.6], and the (UN’s) New Urban Agenda-Habitat III (2016) requires resilience thinking to
be included in urban management.
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The word resilience is rooted in the Latin resaltare, which means to rebound, bounce
back, and possibly from resilire, which literally means fo jump backwards. Referring to com-
plex systems, resilience is the capacity to cope with and react to shocks or persistent struc-
tural changes either by resisting such changes (absorptive capacity) or by adopting a de-
gree of flexibility and making minor changes to the system (adaptive capacity) [12]. At the
limit at which disturbances are no longer manageable, the system must engineer more
considerable changes, which in extreme cases will lead to transforming part of the system,
i.e., to creating a fundamentally new system when the extant conditions (e.g., ecological,
economic, or social structures) make the existing system untenable (transformative capac-
ity) [13-18]. As a capacity, the question of resilience has found fertile ground in several
research fields [19]: engineering and physics [20,21], ecology and biology [22,23], psychol-
ogy and the social sciences [24,25], disaster management [26], socioecological systems
(SESs) [27-29], and managerial and organizational studies [30]. A useful and detailed clas-
sification of how the concept of resilience (resilience thinking) has been treated in different
disciplines over the past 50 years is in Simone et al. [19].

Resilience thinking has recently gained relevance in urban studies rooted in the com-
plexity perspective [13,14,31-33]. From this perspective, a city is defined as a complex sys-
tem that emerges through the combination of structural endowments and socioecological
and sociotechnical components that dynamically interact, giving rise to recursive and of-
ten unpredictable feedback loops [19,34].

3. Sustainable Cities and Resilience: The Contribution of NBSs

Including resilience thinking in urban management enables a deeper understanding
of urban issues for three main reasons.

First, resilience thinking highlights the need to consider both the structural and a
systemic dimension of a city context: Urban management leveraging resilience should take
into account both infrastructure planning and the emerging interactions among the pop-
ulation, i.e., the relationships activated among individuals, organizations, institutions,
and the environment that evolve dynamically and recursively within the city itself, some-
times with nonlinear feedback. This system perspective helps us understand how shocks
affect the interdependent elements of the system, how they spread within the system, and,
on this basis, how to intervene. On the other hand, the ambiguous role played by technol-
ogy in enabling resilience should be considered: Sometimes technology acts as a resilience
amplifier; sometimes it is a resilience blocker; sometimes it provokes an unwanted devia-
tion from codified rules [35].

Second, resilience thinking considers the city’s capacity to respond to disturbances
and sudden changes across space and time, even transforming itself to avoid unsustaina-
ble trajectories. This second aspect is essential as resilience can reveal a “dark side”: In its
absorptive mode, resilience is intrinsically conservative and could slow well-being devel-
opment and perpetuate inequalities, especially in unjust and dysfunctional urban contexts
[31-33,36-43].

Third, resilience thinking seeks to exploit shocks as windows of opportunity and
thereby translates the negative narrative of a “stormy future” into a positive narrative [17]:
The crucial need for such capacity is demonstrated in the ongoing COVID-19 pandemic.

For all the abovementioned reasons, including resilient thinking in urban manage-
ment incorporates the dynamic interplay of persistence, adaptability, and transformabil-
ity across multiple city context dimensions (structural and systemic) and at multiple scales
[15]. Beyond the definition of resilience provided in the first part of this section, urban
resilience cannot be defined only as a city’s capacity to adapt to changes either by absorb-
ing sudden disturbances (absorption) or by managing to maintain or restore initial func-
tions without limiting future adaptability (adaptation). The definition of resilience also in-
volves intense alterations and disturbances such as the capacity to design and undertake
broader and deeper changes that can actually ensure survival and sustainability through
transformation (transformability). In other words, urban resilience configures not only the
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capacity to “bounce back”, a capacity that seems to be more about robustness (from the Latin
robustus, in turn derived from robur that means “strength”) to change [44] but also the capacity
to “bounce forward” by learning from past difficulties and being able to positively trans-
form in response to shocks that are seen as opportunities rather than threats [19].

Overall, NBSs provide benefits on both the biodiversity and human well-being fronts
[6] and range from solutions such as urban agriculture for local food production, green
spaces for climate change adaptation and mitigation, the regeneration of brownfields
through afforestation or park creation, rain gardens for stormwater regulation, green and
blue spaces for the promotion of human health and well-being and the conservation and
enhancement of urban biodiversity, the use of permeable surfaces and vegetation in urban
environments, and the promotion of economic opportunities for green enterprises and the
creation of “green jobs” [45]. As living solutions inspired by and based on nature, NBSs
are thus aimed at fostering biodiversity and supporting a wide range of ecosystem ser-
vices [46,47]. They constitute a systemic, multifunctional, and cost-effective approach that
is highly consistent with the 2030 Agenda-SDG 11 and the New Urban Agenda-Habitat
III concerning the challenges they aim to address with respect to the risks of the unsus-
tainability of a highly urbanized society. Thus, NBSs are considered an effective means of
integrating natural ecosystems into sustainable development at the urban level. Due to
their prerogatives, NBSs are increasingly being considered to promote not only bounce-
back resilience (i.e., absorbing or adapting resilience) but also to provide cities with the
capacity for bounce-forward resilience (transformative resilience).

Pioneer cities for NBSs are Dortmund (Germany), Turin and Milan (Italy), Zagreb
(Croatia), and Ningbo (China). These cities have long hosted living labs in postindustrial
districts where nature-based solutions are developed, tested, and implemented (see list of
websites, Section 3). The European Union has adopted the European NBSs” Agenda aim-
ing at four main goals: enhancing sustainable urbanization, restoring degraded ecosys-
tems, developing climate change adaptation and mitigation, and improving risk manage-
ment and resilience.

3.1. NBSs: An Umbrella Term?

The term NBS encompasses many interrelated concepts that have found wide usage
in international and local policies. The European Commission has identified more than
300 nature-based solutions ranging from the protection and expansion of forested areas
to the promotion of carbon sinks [48,49] to the construction of green roofs. NBSs can be
considered an “umbrella term” as they encompass a wide variety of approaches and so-
lutions [50-56] that innovatively and synergistically combine existing concepts such as
green infrastructures (Gls) and blue infrastructures (Bls), ecological engineering (EE), eco-
system services (ESs), and ecosystem-based adaptation (EbA).

The first and second concepts that fall under NBSs are GIs and Bls. Gls consist mainly
of well-functioning biophysical systems: sustainable oyster reefs, coastal salt marshes,
mangroves, coral reefs, seagrasses, sandy beaches, dunes in the coastal environment, for-
est parks, and street trees, to which some management and restoration systems can be
applied [57-60]. Bls include all water bodies such as ponds, wetlands, rivers, lakes,
streams, estuaries, seas, and oceans. Water and land are strictly connected in multiple
ways including riparian areas, beaches, wetlands, and more. The combination of green
and blue infrastructures is gaining attention in research and practice to combat climate
change and reduce disaster risk [61]. Recently, concerning the concept of urban ecological
infrastructure, Childers et al. [62] argued that wetlands have ecological structures and
functions that can be either terrestrial or aquatic or both or neither.

Ecological Engineering is committed to developing technology that connects society
with the environment [63,64]. EE has been applied in coastal adaptation approaches to
managing the uncertain dynamic forces of coastal environments using marshes, man-
groves, and oyster reefs [65].
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Ecosystem services, the fourth concept, has been defined as “benefits that people gain
from ecosystems” [66]. Nature is the basis for producing food, clean water, and fresh air;
natural elements, such as trees and other vegetation, act as filters for air pollution and can
reduce, for instance, the risk of flooding from stream retention. Of critical importance is
that nature influences human beings, for example, by providing healthy environments for
educational purposes, offering inspiration, and promoting creativity [67,68]. ESs can play
a crucial role in reconnecting cities to the biosphere and reducing the ecological footprint
and ecological debt of cities while improving the resilience, health, and quality of life of
their inhabitants [69,70].

The last concept of ecosystem-based adaptation is defined as “the use of biodiversity
and ecosystem services as part of a comprehensive adaptation strategy to help people
adapt to the adverse effects of climate change” [71]. Its main objective involves the provi-
sion of services for adaptation to climate change through the management, conservation,
and restoration of existing ecosystems [72].

It should be noted that the first three terms (i.e., Gls, Bls, and EE) refer to the NBSs
intended for cities’ endowment (i.e., the nature-based ecosystem and its elements); the
fourth and fifth terms (ESS and EbA) pinpoint the services” flow generated by a specific
NB endowment and constitute a useful perspective when assessing the benefits to be
gained from nature. The distinction between endowment and service—which is not ade-
quately highlighted in the extant literature —is not neutral in urban management. When
assessing the gap between the “as is” situation and the “to be” situation to improve the
urban context, it is crucial to assess the current position in terms of both the NB endow-
ment and the flow of the needed services. In fact, from a structural point of view, GIs, Bls,
and EE are overlapping solutions; conversely, they should not be considered alternatives
but complementary solutions. Each has its characteristics, strengths, and weaknesses.
There is an intense debate in the recent literature [56,73-75]. For this reason, careful eval-
uations are necessary for their joint action depending on the type of desired goals in the
specific urban context [68]. To this end, assessing the services’ flow potentially triggered
by different endowments is relevant in the selection of the most satisfactory (even if not
the best) solution among a wide set of alternatives, considering the specific urban context
and the needs of heterogeneous (sometimes conflictual) stakeholders.

Strictly related to the previous taxonomy, a second NBS taxonomy has been pro-
posed: It involves the required intervention and the area in which NBSs are applied. This
second taxonomy distinguishes three types of NBSs [6,76].

Type 1: solutions that involve the use of existing ecosystems, both protected and nat-
ural (e.g., increasing the amount of fish in an intact wetland to improve food quality);

Type 2: solutions based on the development of sustainable management protocols
and procedures for ecosystem restoration (e.g., restoring biodiversity); and

Type 3: solutions involving the creation of new ecosystems. Examples of Type 3 are
represented by the creation of walls, roofs, and green walls that integrate existing struc-
tures and that are, therefore, artificial ecosystems [76]. This type involves the management
of ecosystems through a very invasive approach with a very high level of engineering or
the creation of ecosystems from scratch using vegetation to mitigate the urban heat island
effect (UHI), noise, or air pollution.

Even if the boundaries between these three types are not clearly and conspicuously
defined, a greater thrust of human intervention and effort characterizes Types 2 and 3. As
discussed in Sections 4 and 5, the two taxonomies can facilitate the planning and assess-
ment of an NBS project’s cost—benefit analysis [48].

3.2. NBSs as Levers for Sustainable Cities

According to a resilient perspective in urban management, NBSs are effective levers
in facing the challenging problem [77] of fostering sustainable cities. Due to their multi-
faceted features, NBSs ensure a comprehensive and systemic set of community services to
promote a city’s health and well-being according to self-reinforcing virtuous feedback
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loops. Here, the role of NBSs as levers for sustainable cities is illustrated by a systemic
framework rooted in the “materially closed Earth system” model of Costanza and Folke
[78] and based on four main elements (Figure 1).

Virtuous feedback loops: increasing ask for NBSs

NB ecosystem

endowment

Healthy
cities
outcomes

Environmental

justice

Mitigation and
adapt. to
climate change

Figure 1. NBSs as sustainable cities’ levers: a self-reinforcing cycle. Source: our elaboration. [Bls: Blue Infrastructures; Gls:
Green Infrastructures; EE: Ecological Engineering; ESS: Ecosystem Services; EbA: Ecosystem-based Adaptation].

The nature-based (NB) endowment (the asset) provides a flow of ecosystem services
ensuring people’s well-being (outcomes, i.e., target variables), that in turn stimulate the
demand for new NB endowment and NBS management (positive, i.e., self-reinforcing,
feedback loops).

In particular, by focusing on people’s well-being, the target variable, it is possible to
identify five intertwined types of outcomes enabled by NBSs [79,80]: 1. physical activity,
2. mental health, 3. physical immunity, 4. environmental justice, and 5. mitigation of and
adaptation to climate change.

3.2.1. Physical Activity

Nature-based solutions, such as green parks, encourage individuals to regularly ac-
cess such environments, which generates multiple benefits [81]. Recreational walking, in-
creased physical activity, and reduced sedentary time have been associated with access to
and the use of green space by adults, children, and seniors [82]. The possibility of using
parks, water sources in cities, or green buildings allows people to benefit from certain
services such as noise reduction and psychophysical well-being [83]. Many epidemiolog-
ical studies [84] have demonstrated various positive health effects of urban green spaces
including reduced cardiovascular morbidity and mortality, improved pregnancy out-
comes, and reduced obesity and diabetes.

3.2.2. Mental Health

Exposure to nature-based solutions supports mental health: “[...] a state in which a
person is more satisfied, can make sense of their surroundings, feel in control, i.e., able to
cope with daily needs and have a purpose in life” [85].

There are several ways to promote mental health through exposure to the natural
environment. These include nature’s ability to reduce stress, create positive affective
states, and improve cognitive functioning [80,86]. Another critical factor is the lack of af-
fectivity in interhuman relationships, which is the leading cause of depression [87,88]. Fi-
nally, NBSs can alter the affective state in children [89,90] with positive mental health im-
plications. It has been found that there is less bullying in children’s play spaces with a
highly interactive and engaging natural environment [91].

3.2.3. Physical Immunity

NBSs can improve the functioning of the human immune system. Li et al. [92] demon-
strated associations between forest visits and beneficial immune responses including the
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expression of anticancer proteins. In addition, living in residential areas with more street
trees is associated with a lower asthma prevalence [93]. Natural biodiverse environments
may play an immunoregulatory role [94]. Other studies have shown that increased biodi-
versity in home environments is linked to a reduced risk of allergies [95,96].

NBSs can improve the functioning of the human immune system. Li et al. [92] demon-
strated associations between forest visits and beneficial immune responses including the
expression of anticancer proteins. In addition, living in residential areas with more street
trees is associated with a lower asthma prevalence [93]. Natural biodiverse environments
may play an immunoregulatory role [94]. Other studies have shown that increased biodi-
versity in home environments is linked to a reduced risk of allergies [95,96].

3.2.4. Environmental Justice

Creating and managing NB endowments are cost-effective initiatives that can im-
prove public health and address health inequities. Public urban green space has been
shown to facilitate social networking and promote social inclusion, although the most vul-
nerable age groups, children and the elderly, have difficulty [97-99]. Urban green public
places are often located in the center of cities and rarely in peripheral areas, where the
population’s poorest segments live. Therefore, inequality of access to urban green space
has become an environmental justice issue [100-102]. Urban planners use threshold values
to coordinate urban green spaces in cities with the aim of safeguarding their amount. This
ensures that all city residents have a minimum amount of urban green space in their vi-
cinity [103]. In fact, as Allen and Balfour [104] stated, reducing social and economic dis-
parities in the availability of urban green space can help reduce health inequalities related
to income, minority status, disability, and other social, economic, and demographic fac-
tors.

3.2.5. Mitigation and Adaptation to Climate Change

Heat waves, intensified by the urban heat island effect (UHI), are often linked to areas
with little or no green space in cities and often cause premature death and disease
[105,106]. Air pollution from traffic and industrial sources has increased with increasing
urbanization [107]. However, NBSs make it possible to temporarily adopt solutions to
mitigate deleterious effects, for example, by reducing the rate of deforestation, promoting
the recovery of forests and ecosystems as natural tools that can absorb carbon dioxide,
and mitigating air pollution.

4. Italian Experiences: NBS Projects in the Towns of Lucca and Latina

Despite the increasing importance given to NBSs at the national and international
levels, e.g., in many North American and North European public administrations, studies
implementing NBSs are still limited to local areas, and NBSs have not been integrated
within a systemic vision. The NBS projects already internationally recognized as successful
initiatives in Italy include the urban infrastructure of Bosco Verticale (Vertical Forest) in
Milan [108-110] and the Mirafiori Sud Living Lab, which is part of the ProGireg project, a
“productive green infrastructure for post-industrial urban regeneration” in a former FIAT
automotive production center in Turin (see websites’ list, Section 4). In this paper, two
research experiences involving two medium-sized Italian cities are reported to represent
understudied settings.

4.1. Method

The case was designed following an exploratory, qualitative analysis based on two
experiences, whose initiatives provide insights for theoretical and urban management-
related future actions [111,112]. A case study enables researchers to collect real data from
one or more organizations to draw up a theory or further explore a pre-existing theory on
a topic that has not yet been fully explored. The research is based on collecting data related
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to two Italian municipalities that experienced (and continue to experiment with) urban
management and planning initiatives based on NBS: the Municipality of Lucca, in Tus-
cany, and the Municipality of Latina, in the Latium Region.

Lucca was founded by the Etruscans in 300 B.C., and it is one of the most important,
historical, medium-sized cities in Tuscany. It is located in central Italy, has approximately
100,000 inhabitants, an extension of 190 km? (73.3 mi?), and a density of approximately 480
inhabitants per km?. Latina is a medium-sized city located in central Italy. It has approxi-
mately 120,000 inhabitants, 287 km?, and a density of 456 inhabitants per km? It was
founded in the 1930s and is one of Italy’s youngest cities. Although they are characterized
by very different historical paths, these municipalities present institutional and socio-eco-
nomic similarities, which make them an interesting study setting. Both cities are the capi-
tal of their province. They are centers of activities and services (such as schools, healthcare,
and public administration) that are provided to many citizens who live near the city center
as well as in the neighboring areas. Both cities have a good infrastructural endowment
(train station, airports less than 50 km away, important roads) and a good connection with
larger cities (such as Rome and Florence) without suffering dependence on them. There
are branches of important national universities in both cities and a relevant tradition of
associations that characterize local social and relational capital. From an industrial point
of view, both cities are at the center of important industrial clusters characterized by in-
novative and medium-sized enterprises: the Latina pharmaceutical cluster (with more
than 5000 employees) and the Lucca paper industrial district (with approximately 6500
employees). Finally, both cities are close to areas of great naturalistic value, with parks
and naturally protected areas, which provide many amenities. Because of these features,
both cases represent important teaching examples for other Italian and foreign similar
contexts as well as a set of researched yet understudied medium-sized cities. Other urban
contexts (in particular in Italy, where they are widely diffused) can take inspiration from
these cases, which highlight that the adoption of a participatory NBS process can repre-
sent a sustainability-based process of urban improvement.

The initiatives carried out in the field of the urban management of NBSs in these two
cities were the object of this research. In both municipalities, technical and programming
documents were collected and extensively analyzed. Documents and experiences were
derived from different departments: urban planning, social affairs, and environmental
protection. The process of data collection was developed in three steps, as synthesized in
Table 1. Documents collected are listed in Table 2. The research lasted 8 months (from
May 2000 to January 2021).

Table 1. Data collection.

Step of Re-

search Period (months) Types of Data Collected Methods of Data Collection/Analysis
Interviews * with both political and technical rep-
. . .. ... resentatives of both municipalities. A flexible open
Preliminary selection of main initi- . .
. interview protocol was used.
atives related to NBSs promoted o .
) ) .. Lucca: Three politicians and seven technical repre-
1st May-August and carried out in each municipal- . o .
. sentatives of the municipality; representatives of
ity, based on what developed lo-
the local FFF group.
cally . e .
Latina: Two politicians, three technical representa-
tives, five entrepreneurs of the horticultural sector
Details of initiatives carried outin Collection of documents related to the initiatives
ond September-De- each municipality, the use of offi- described during interviews and their classifica-

cember cial planning and managerial doc- tion based on their relevance in terms of connec-
uments drafted and approved tion to NBSs (see Table 2).
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3rd

December—Janu- Relevant documents collected and

ary

Analysis of the main evidence emerged, connect-

ing them to the elements characterizing the NBSs

selected in the second step listed previously (comparison method)

* Because of the COVID pandemic, all interviews were carried out online. Interviews were not recorded, but extensive
notes were collected.

Table 2. Documents collected during the research.

Municipality Documents

Lucca

Latina

Local Sustainability Action Plan
Urban Green Plan
3-year public works plan
CO2-equivalent measurement cards
Minutes of meetings with representatives of local Fridays For
Future
Climate emergency declaration approved by the local town
council
Agreements signed with local association for urban gardening
projects
UPPER main project
UPPER work packages description (n. 8 WPs)
UPPER work breakdown structure (WBS)
UPPER Gantt
UPPER budget
Latina’s floor plans

The analysis of evidence that emerged in the third phase was based on the compari-
son method [113,114]. With this method, the data (as listed in Tables 1 and 2) were ana-
lyzed simultaneously, and the common properties were identified [115] based on the dif-
ferent types of NBSs. These categories were used as a reference, and the initiatives identi-
fied in the two municipalities were deepened with respect to each of them. This collection
of systematized information was used to develop a model outlining how policy makers
can manage NBSs at the urban level. In this way, the reasoning started from some state-
ments to obtain proof and explain the two cases analyzed. The deductive process, in fact,
connected the premises with the conclusions. The work used the deduction to verify the
validity of the premises and, subsequently, through the cases of the two cities, the validity
of the hypotheses formulated was demonstrated.

The following sections report the results of this analytical process in both municipal-
ities and the model derived.

4.2. The NBS Initiatives Carried Out in Lucca

The projects developed by the Lucca Municipality began in 2018 following a series of
requests and pressures exerted by a group of local young protestors of the FFF movement
(see website list, Section 4.2; [116,117]). In particular, the local FFF movement, inspired by
the Swedish student Greta Thunberg, began to strike in front of the town hall, requesting
Lucca’s local government to take climate action and demanding a strong commitment to
adopting a strategy to improve territorial sustainability-related performance [118]. Under
local FFF movement pressure, the local administration (and, in particular, the local envi-
ronmental city councilor) developed a 5-year program (the “Local Sustainability Action
Plan”), which involved different municipality departments and articulated projects con-
taining sustainability-related goal actions, deadlines, and performance indicators. Re-
garding the measurement instrument (that is, the performance indicators), a system based
on the estimation of the CO2-equivalent savings for each project was developed in accord-
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ance with WRI and WBCSD [119] guidelines (see website list). Decisions about these pro-
jects and the need to monitor the effectiveness in terms of air pollution reduction by means
of an internationally recognized method were shared by the representatives of the munic-
ipal office for environmental protection in collaboration with the group of local represent-
atives of the FFF movement. The dialogue was continuous and organized through meet-
ings in which the proposals of the municipality were shared with local political and tech-
nical representatives. The needs and expectations of the FFF movement representatives
were taken into consideration by the local government representatives. Attention to the
measurement of results (and the adoption of an official method of quantifying CO2-eq
reduction for the evaluation of benefits associated with the developed projects) was one
of the main requests of local FFF representatives as an opportunity to increase the credi-
bility of planned actions.

Concretely, the selected projects involved both the energy redevelopment of build-
ings and actions to regulate traffic flows as well as interventions focused on NBSs. The
project’s aim was to expand and redevelop urban green spaces (see websites’ list in Sec-
tion 4.2). These actions provide for the creation of four new green areas and the conversion
of other abandoned urban parks. The idea behind this activity is that of the “10-min neigh-
borhood”, which describes neighborhoods where citizens can reach and take advantage
of parks, gardens, or green areas in 10 min travelling on foot or by bike. A total of 11
neighborhoods were affected, nine of which were “outside the city walls” in peripheral
areas. The interventions (which are still ongoing) aim to plant more than 5000 new trees
in 3 years (from 2020 to 2023), with a preference for endemic tree species with a greater
carbon sequestration capacity. This project aims to produce positive mitigation effects,
especially at the microclimatic level, and to recover areas on the outskirts and redevelop
neighborhoods that are now in a state of significant abandonment. The design of these
integrated green areas has been developed to reduce citizens’ exposure to risk factors aris-
ing from polluting substances in the air and to increase their enjoyability due to ecological
corridors (which provide benefits to citizens’ mental and physical health). The absorption
of fine dust by trees is a useful tool for reducing the negative impact of air emissions in
the city of Lucca, which the Regional Authority classifies as a municipality subject to re-
mediation actions for its excessive number of PM10 and NOx overruns. The carbon se-
questration for 3 years is estimated at approximately 1600 tons of CO2 equivalent, with
approximately 500 tons/year benefits. Finally, urban green areas will contribute to the cre-
ation of urban habitats for animals and new plant species, the reduction of the urban tem-
perature, and the mitigation of noise. These effects are a direct contribution to the targets
of SDG 11 and, in particular, to targets aimed at reducing the adverse per capita environ-
mental impact of cities and creating safe, inclusive, and accessible green public spaces (i.e.,
11.3, 11. B, 11C, 11.6). Another project based on natural solutions involves the recovery
and restoration of old natural canals in the city center and city fountains. This intervention
(whose deadline is, again, 2023) has the dual objective of urban restoration and redevel-
opment of the city center and facilitating cooling conditions in summer (with benefits for
both citizens and tourists). The carbon sequestration associated with this project is ap-
proximately 100 tons of CO2 equivalent in 7 years (approximately 15 tons/year), from 2023
to 2030, derived by the estimation of the positive effect associated with the reduction of
urban temperature and the mitigation of the so-called “heat island effect.”

In addition to the interventions mentioned above, in 2017, the municipality activated
a project to encourage urban gardening [120,121] in the peripheral areas of Lucca. The
project has been integrated into the abovementioned 5-year program. It has been devel-
oped with different objectives. They first favor the green redevelopment of the city and
an increase in the availability of local green spaces for climate change adaptation and mit-
igation. Moreover, the project aims to encourage socialization among citizens, promote
educational and leisure initiatives, stimulate intergenerational exchange, promote envi-
ronmental sensitivity and healthy lifestyles, and revitalize and recover the urban fabric
with experimentation in the shared management of common goods. The goal is to create
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a new model of social and ecological development in a system in which services, shared
spaces, and aggregation points are committed to improving the well-being and health of
citizens as well as experimenting with a new mode of spatial planning based on the prin-
ciples of social justice [122-124]. The project involves the recovery of approximately 280
hectares of urban area. Two associations of local citizens were involved as partners
(“Comitato Popolare Piazza San Francesco” and “Fattoria Urbana Riva degli Albogatti”)
to share the criteria for the allocation of portions of land to citizens and the materials re-
quired for urban farming.

A two-fold value characterizes the initiatives mentioned above. First, they aim to
combine citizens’ well-being (mental and physical health) with ecological and environ-
mental aspects by better managing urban spaces that facilitate interpersonal relationships
and resource sharing. New ecological corridors, new urban parks, and the sharing of soil
for cultivation are all facets of a unique project in which environmental and social qualities
are integrated into the planning and management of urban areas. Second, the initiatives
promoted were developed in line with the needs of local groups. They are designed to
serve as stimuli (FFF movement) and as enablers (local associations, in the case of urban
gardening) of the managed actions, not as a result of top-down processes but as the out-
come of shared actions developed in agreement with representatives of civil society.

4.3. The NBS Initiatives Carried Out in Latina: The UPPER Project

In recent years, Latina’s city has experienced intensive urban growth, leading the
municipality to expand quickly. However, this constant increase due to urbanization has
led to the improper use of natural resources. This has led to a reduction in the number of
green places per number of inhabitants, accompanied by poor park maintenance and
safety, which induces citizens not to frequent them. In addition, other problems of a social
and economic nature subsequently arose such as a high percentage of unemployed youth,
approximately 45%, and the illegal exploitation of immigration carried out through crim-
inal activities that revolve around the city of Latina and racial discrimination suffered by
ethnic minorities. Moreover, another issue is the lack of public economic resources that
are useful for managing, improving, and ensuring both green and blue ecosystems. In
2018, the municipality of Latina decided to face the increasing problems related to urban-
ization growth by adopting NBSs. It joined one of the UIA (Urban Innovative Actions)
projects promoted by the European Union to fund the implementation of NBSs in Latina.
The project was called UPPER, “Urban productive parks for development of NBS-related
technologies and services” (see website list, Section 4.3). The UPPER project was officially
launched on 1 September 2019, and it involves a synergistic network of partners: the Mu-
nicipality of Latina (the lead partner) and a multidisciplinary group of nine delivery part-
ners that cover national and regional environmental institutions (the National Park Au-
thority and the regional public—private Foundation Caetani), the NGO sector (two social
enterprises and one no-profit association), the research institution sector (Cersites Sapi-
enza University of Rome), the private for-profit sector (one multinational company), one
national cities’ association (Tecla), and one international studio that specializes in partici-
patory urban planning (Tesserae). The project was also supported by a wider group of
stakeholders composed of three NGOs, two networks of local associations, two neighbor-
hood associations, and one business incubator.

Based on SDG 11-Make cities and human settlements inclusive, safe, resilient and
sustainable, target 11.3 (“By 2030, enhance inclusive and sustainable urbanization and ca-
pacity for participatory, integrated and sustainable human settlement planning and man-
agement in all countries”), UPPER experiments with the innovative use of urban green
areas and created the first urban productive parks. These parks are intended for the research,
development, and self-production of NBSs to address environmental, social, economic,
and governance challenges (e.g., self-production of NBS is intended as the use of native
species for environmental remediation). UPPER proposes a broader approach to the NBS
concept including, on the one hand, vegetation and Gls and, on the other hand, innovative
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outdoor services and activities (social care, inclusive jobs, training, education, sports, cre-
ativity, and entertainment).

The proposal foresees the regeneration of three abandoned urban areas that will be
restored to become productive parks, plus eight demonstration sites for the development
and testing of NBSs’ self-production (plants for water and soil phytoremediation, native
trees to fight the “heat island” effect and pollution, filtering and reinforcing plants for
small engineering interventions on canal banks and coastal dunes). UPPER also piloted
an initiative based on public and private owner participation (the Green Areas Bank) to
match supply and demand for self-produced NBSs. Finally, the project supports social
enterprises and start-ups to promote green jobs and ensure the market enhancement of
productive parks (see website list).

As mentioned above, one of the original and valuable NBSs underpinning the UPPER
project is the idea of urban productive parks. Such parks are designed to transform misused
and abandoned urban and peri-urban areas into areas devoted to research, technological
development, and the self-production of advanced NBSs and innovative nature-based ser-
vices to tackle the town’s main environmental, health, and socioeconomic challenges. The
idea of urban productive parks involves developing green spaces that are accessible to
citizens and available for cultural and social activities that also integrate production func-
tions. They provide for the activation of entrepreneurial activities and the creation of
green jobs to produce goods and services related to NBSs including spaces for educational
services, social integration, health, and sports. These productive parks will be codesigned
and comanaged by project partners (Cersites Sapienza University of Rome, Innovation
Europe, Engie ServiziSpA, Fondazione Caetani) with citizens and stakeholders. At the
same time, a public-private system will be designed for future management and sustain-
ability. Moreover, the three urban productive parks are quite heterogeneous and thereby
contribute to the town’s biodiversity (see website list for the Urban Productive Parks):

- Urban Productive Park 1-Campo Boario. The site is dedicated to the implementation of
anursery for functional plants; it will host a training center and workplace for the job
inclusion program in the project and an assistance and consultancy center for start-
ups. It will be a safe, accessible, and recovered public green area equipped with a
soccer field and play areas. The park will host a municipal nursery that is open to the
public and a guidance and support center for new businesses in the green sector (NBS
Business Information Point). The types of trees applied will be deciduous and ever-
green trees.

- Urban Productive Park 2-The Market Area. It will be a multifunctional space dedicated
to psychophysical well-being and sociality. The nature-based solutions tested in this
park will include recreational, sports, social, and educational activities organized in
collaboration with schools and social actors in the area.

- Urban Productive Park 3-The Green Outfall. The area is suited to an intervention of
renaturalization and experimentation with vegetation cultivation with phytoremedi-
ation characteristics. Moreover, a demonstration site for new plant species with a fil-
ter function against polluting substances from the road will be built.

UPPER represents a solution that has never been implemented before and can add
significant value for the following reasons:

a. Itis the first solution that transforms a problem such as the maintenance and devel-
opment of GIs and Bls into a structured program for the labor inclusion of vulnerable
citizens. Until now, this problem has been addressed only marginally and limited to
the development of urban farms (H2020 Edicitnet and Progireg projects, Green Surge
project and Nomadic Garden in Berlin, food production in Dresden, Green Surge
project in Edinburgh, Heempark and Modeltuin project in Genk, UIA Open Agri pro-
ject and South Agricultural Park in Milan). The UPPER project will differ from these
existing solutions since it will be the first European example of a productive park not
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dedicated to the production of primary goods (agri-food), but it concerns the produc-
tion of NBSs and innovative services based on nature.

b. UPPER will also focus on the financial sustainability and long-term maintenance
plans of NBSs and related Gls and Bls, which is a fundamental issue for small- and
medium-sized cities with limited economic resources. Indeed, while most projects
focus on the technological development of NBSs as an external (and expensive) ex-
pertise and resource for municipalities (e.g., the London plan and the FP7 TURAS
project for green roofs and walls of London, rainwater storage and ecosystems re-
lated to a wetlands’ recovery plan in Rotterdam, the vertical garden plan for the
H2020 Progireg project and related cities, the H2020 Clever City project), the UPPER
solution focuses on self-production and on the self-maintenance of NBSs in all mu-
nicipal productive parks, built on “People-Public-Private” (PPPP) Partnerships, new
governance and financial systems and public incentives to ensure long-term sustain-
ability and expansion of the solutions for sustainable cities.

c.  There are some examples of projects that transform landscape management into an
opportunity to stimulate the green economy (e.g., the UIA Ufil project in Cuenca).
Nevertheless, the UPPER project is not limited only to the development of future
enterprises and green business models; it is designed to transform the city itself into
a market for NBSs within the lifetime of the project, testing the production and de-
livery of NBSs to the city, its inhabitants, and other public and private stakeholders
as a new business model.

5. Discussion. Enhancing Sustainable Cities through NBSs: A Resilience-Based
Framework from the Italian Lessons Learned

The two cases refer to two medium-sized cities that have developed plans to foster
NBSs to improve the living conditions of citizens and react to the pressures of climate
change at the urban level. These two cases show some common traits worthy of attention.

First, it is important to stress the participatory nature of these initiatives and their
ability to catalyze the attention of a multitude of local stakeholders while representing
heterogeneous interests. From this perspective, NBSs must be managed through govern-
ance that integrates different and sometimes conflictual economic interests and actively
involves a large number of stakeholders.

Stakeholders can be of stimulus to the planning and management processes (as hap-
pened in Lucca for the FFF movement, or in Latina with the NGOs and the Regional Foun-
dation) or they may be actively involved in these processes as partners or enablers (such
as the associations involved in urban gardening in Lucca or the People-Public-Private
Partnerships (PPPP) created in Latina as part of the UPPER project). In addition, in both
cases, relationships were activated with the representatives of other local entrepreneurial
and social activities (commercial operators, tour operators, associations, and committees)
who were interested in the relationship between these processes and their own interests.
In this way, a new model of extended governance is developed in which NBSs act as a
catalyst role due to their multiple implications: the aesthetic aspects of the redevelopment
of the urban heritage and the consequent importance for the recreational activities of citi-
zens, enhancement of urban capital in terms of local businesses (for the tourism and ac-
commodation sector, for commerce, for local crafts), and the possibility of generating lo-
cal, new relationships among citizens concerning the use of common spaces that are in a
state of neglect. All these elements have an intergenerational and multifunctional charac-
ter and they allow a significant improvement of urban areas in the sense of sustainable
contexts. Indeed, the livability of new urban spaces stimulates generational integration on
the one hand. On the other hand, it qualifies the territory by setting the conditions for
greater attractiveness that generates local new businesses.

Second, the analyzed case studies demonstrate that NBSs give value to the local di-
mension of sustainability and generate the population’s well-being and health.
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Third, the two cases show that the resilient quality of the urban context can be con-
ceived as a function of decision-making processes. The decision-making processes
adopted by local authorities can, therefore, influence the resilience of urban contexts, and
NBSs emerge as a useful tool to promote sustainability-oriented governance. This, in turn,
stresses the urgency of including resilience thinking at the center of urban management
to achieve the objectives of Agenda 2030-SDG 11 and the New Urban Agenda (Habitat
III). Both Lucca’s and Latina’s NBSs’ projects are rooted in resilience thinking and demon-
strate that NBSs facilitate valuable adaptive and transformative experiments at small
scales, allow cross-learning and new initiatives to emerge, and trigger a virtuous social
mobilization.

Figure 2A,B proposes an integrated framework of the variables discussed in Sections
2, 3.1, and 3.2—level of resilience capacity, NB endowment, and types of intervention—
which describe the ongoing transformation process of Lucca and Latina promoted by NBS
projects, moving from the ”as is” situation (i.e., before starting the project, points “to”) to
the “to be” situation (i.e., expected at the end of the project, points “t1”). (For Latina, for
reasons of space, Figure 2B refers only to the three productive parks.) The shift is intended
to improve all three classes of ecosystem endowment, leading both cities to enhance the
local NBSs’ offer curve. This model links the NB endowment (on the horizontal axis) with
the types of intervention (on the left vertical axis) with the levels of resilience capacity
associated with transformation processes (on the right vertical axis). It can represent a
useful support tool in the decision-making processes of the administrations involved in
adopting NBSs for urban redevelopment and regeneration, providing ex ante a hypothe-
sis of path development.
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Figure 2. (A) Leveraging NBSs for sustainable cities: the Lucca NBSs’ curve; source: our elaboration. (B) Leveraging NBSs
for sustainable cities: the Latina NBSs’ curve; source: our elaboration.

The sustainable expectations expressed by local interest groups represent the drivers
of interventions to be adopted at the local level and allow for the identification of “which”
NBSs can be selected and which opportunities can be designed for the territory. Then, in
perspective, the local authority defines the achievable improvement targets and draws (in
collaboration with other local subjects) the paths through which the NBSs may modify the
current levels of the system’s resilience (it represents the “how”). Finally, the adoption of
specific indicators that are capable of designing the trend associated with a specific eco-
system configuration (i.e.,, CO2-equivalent savings adopted in the case of Lucca or square
meters of unused space restored, as proposed in the ongoing project in Latina) allows the
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provision of measures of the improvements obtained and supports subsequent decision-
making processes (it represents the “how much”).

The resulting systemic model allows the monitoring of the evolution of local natural
capital value from the ”as is” situation to the "to be” situation, derived by interventions
that affect both the sphere of redevelopment and new intervention planning that can be
adopted locally. Moreover, this model implies a new approach to decision making
through the complete integration of NBSs within local authorities” programming, man-
agement, and control processes. Such programming and control processes, on the one
hand, allow the identification of which NBSs should be adopted and the impact they can
create at the eco-systemic level (also using specific indicators and other measurement in-
struments). On the other hand, they allow the identification of implications, in terms of
resilience, produced by an investment in NBSs over social and economic components at a
local level and the types of benefits that can be obtained.

6. Conclusions

With the rise of the urbanocene and in a pandemic scenario amplified by large-scale
globalization processes, NBSs invite us to recover thinking from ancient Greece, where
the Earth had two names: ge (or Gaia, the Earth from the surface up, looking at the sky)
and chton (the underworld’s outer face), which corresponds to two distinct but interde-
pendent and inseparable realities. NBSs call for a deeper relationship among human be-
ings, ge, and chton. A relationship based on an intertwined resilient over time and across
space is desirable.

This research analyzed whether such resilience could be affirmed at a local level by
studying whether the application of NBSs in medium-sized cities can promote sustaina-
bility in those cities. The abovementioned concept of resilience has been connected with
urban sustainability through the framework of the 2030 Agenda and the SDGs. Policy
makers, local communities, and society must seriously consider the means by which to
foster the resilience of smaller, more manageable contexts that contribute to Earth’s sys-
tem resilience [15]: NBSs are pivotal levers to undertake those means.

From this perspective, the Italian case studies discussed herein deal with relevant
NBS urban projects and constitute eloquent sources of lessons learned and best practices
for knowledge sharing and foster awareness about the increasing need for sustainable
urban management and its related tools for the promotion of sustainable cities.

Eventually, we can draw some relevant findings and comments:

i NBSs help give value to the local dimension of sustainability, and through actions
related to specific aspects (specified resilience), advantages can be obtained that gen-
erate well-being and the health of the local population (the estimation of reduction
of CO2 in the case of Lucca and the outdoor services and activities regarding social
care, inclusive jobs, training, education, sports, creativity, and entertainment, in the
case of Latina, are examples).

ii ~ NBSs represent levers on which enlarged governance can be consolidated through
the active participation of a series of subjects. Multiple proposals and opportunities
can be developed including direct implications for local businesses (in both cases the
engagement of representatives of civil society, local government and, in Latina, also
businesses emerge as relevant).

iii The systemic logic that guides the approach to interpreting resilience also has impli-
cations on the management/managerial level. This is relevant because it promotes the
real integration of NBSs in local natural heritage management processes (again, in
both cases, the perception of the close relationship existing between NBSs and urban
resilience moves towards active managerial and governance initiatives promoted by
local authorities, with the crucial involvement of local relevant stakeholders).

iv. Thus, NBSs contribute to the logic of management and decision making. The pro-
posed framework of variables listed above allows monitoring in the key of “as is” —
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”to be” of the evolution of the value of the local natural capital (a process that, in our
cases, is outlined in the improvement of the level of resilience capacity described for
both cities in Figure 2A,B).

v Concerning the state of the art, the empirical evidence we obtained in this study con-
firms, for both cases, the close interaction among different types of NBSs and the
mutual interaction/valuation among them.

However, it should be pointed out that our research dealt with two NBS projects that
are still in progress for which long-term outcomes and feedback are not yet available. The
future development of the projects (and the related results that will be reached) will also
allow for the creation of a closer connection between the results obtained in terms of the
improvement of local conditions, the level of resilience capacity that emerges, and the
measurement of the contribution of these projects to SDGs. This connection will provide
an opportunity to demonstrate (through quantitative data) the impact of investment of
NBSs on the Agenda 2030: The definition of a measurement model from this perspective
represents one of the most relevant lines of future research.
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