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Abstract: This paper analyzes some natural and man-made disasters that happened in recent years,
which demonstrate how the resilience of a city does not depend only on the actions carried out by
public authorities, but it requires the joint work of all actors that live or work in a city. Resilience
represents the ability of an urban system to adapt to an external event and quickly return to normality.
In recent years, urban resilience has mainly addressed natural risks, neglecting man-made disaster.
Therefore, this study considers the risk issue in relation to the resilience concept within urban planning
and policies to achieve sustainability and urban security. Urban resilience has become an important
objective for cities, particularly to face climate change. The paper proposes a review of the existing
Civil Protection Urban Emergency Plan, as a sector plan to support urban planning at the local
level, aimed at building resilience in cities. In particular, the proposed Emergency Plan reduces risk
and increases resilience by identifying specific scenarios and actions that every city actor—public
authorities, research, enterprises, and citizens—can implement. This proposal contributes to the
implementation of the quadruple helix principle, according to which the involvement of these four
actors is necessary to achieve a common goal, such as increasing urban resilience. The proposed
methodology is then applied to the man-made disasters that have involved the city (such as the flood
of 2011 and the collapse of the Morandi Bridge in 2018). Genoa represents a good example to be
studied according to the “learning-by-doing” approach to understand how the city has responded,
adapting resiliently, to natural and man-made events thanks to the collaboration of all the actors
above mentioned. The new scenarios, included in the Urban Emergency Plan, can play a fundamental
role, both in the emergency and prevention phase, and can help other cities around the world in
planning more resilient cities to face higher risks.
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1. Introduction

1.1. Sustainability and Resilience in Urban Planning and Management

Cities have a key role to play in the fight against climate change [1–3]. They have always
been the center of innovation and culture, giving birth to countless ideas and new systems and
solutions. Moreover, climate change is affecting urban centers in several critical ways—droughts,
heavy rains, water availability, and increased severe heat events; 70% of cities in the world are
already facing the effects of climate change. The urban centers most at risk are the coastal ones,
around 90%, which have to deal with rising sea levels, floods, and heavy storms [4]. Over the last
decade, many researchers have stressed the importance of new governance tools to improve cities’
response to climate change [5–8]. Local authorities need to make the necessary changes to meet future
challenges by reducing the vulnerability of people and the urban environment. The role of cities
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is even more important considering that more than half of the world’s population lives in urban
areas [9–11]. According to the United Nations, by 2050 68% of the world population will be living
in cities [12]. This means that in the years to come there will be more and more people exposed to
risks related to climate change. In order to adapt to future challenges, cities must follow the principles
of sustainable development and become increasingly resilient. In the literature, many authors have
analyzed the links between the concepts of sustainability and resilience to get the best for society and
the environment [13–16].

Since its theorization in the late 1980s and early 1990s, sustainability has become a reference point
for the development of communities and urban areas. The widely accepted definition of sustainability
is from the Brundtland Commission, which has defined it as “ . . . the development that meets the
needs of current generations without compromising the ability of future generations to meet their
own needs” [17] (p. 23). In general, sustainability is focused on increasing people’s quality of life
with respecting three key elements: the economic, environmental, and social well-being, both for the
present and the future generations [18–20].

The concept of resilience emerged later. Until the 2000s, resilience was only used in the ecological
field, and only later was considered as one of the fundamental approaches to respond and adapt to
the increasing natural and human changes on the planet [21]. Resilience focuses on the response of
systems (differentiated in environmental, social, and economic systems) to both extreme disturbances
(National Research Council, 2012) and persistent stress (Folke, 2016) [22]. Sustainability and resilience
are both used to describe a system [23].

There are many similarities between the concepts of sustainability and resilience; for this reason,
these terms are often used without clear distinction. Both concepts are used to describe complex
systems and issues, but it is important understanding their similarities and differences. In a recent
publication, three cases of possible relationships between the two concepts were analyzed. There are
studies that considered resilience as a component of sustainability, others in which sustainability was
seen as a component of resilience, and finally, there are studies where resilience and sustainability had
separate objectives [22].

This paper explores resilience as a component of sustainability. Increasing the resilience of a
system makes that system more sustainable, but increasing the sustainability of a system does not
necessarily make it more resilient. Sustainability and resilience are key elements to face natural and
man-made risks and to guide cities’ urban planning choices.

In recent years, the concept of resilience, as a response to environmental, socio-economic,
and political uncertainty and risk, has captured the attention of academics and decision-makers in
all disciplines, sectors, and scales [24–28]. Urban resilience has become an important objective for
cities [29–32]. Urban resilience refers to “the ability of an urban system—and all the ecological and
socio-economic networks that make it up on a temporal and spatial scale—to maintain or quickly
return to the desired functions in the face of a disturbance, adapting to change” [33] (p. 39). A resilient
city reduces or avoids risk situations, establishes procedures to manage emergencies and to restore the
damaged system after the event [34]. In the past, urban resilience has mainly addressed natural risks,
neglecting man-made disasters. These disasters can include: structure failures, fires, groundwater
contamination, transportation accidents, mining accidents, explosions, and acts of terrorism. This paper
aims to deepen both types of risks by proposing an approach that integrates the concept of resilience in
the decision-making processes of the local urban plans.

1.2. Adaptation and Mitigation Planning in Europe and in Italy

Resilience is therefore fundamental for correct management of the territory in case of calamitous
events of natural or anthropic origin. In the land-use planning process it is important to involve
citizens, and to create plans with risk reduction policies [35].

Urban resilience should be considered both before and after a disaster. In the short-term period
people must be resilient to give a quick response. The second time frame is much longer and refers to
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the recovery period, which may change from days to weeks and years [36]. The long-term recovery
period is really challenging. Here, resilience and sustainability are linked, as people seek to recover
their communities become more resilient (e.g., more adaptable to future adverse events) and also more
sustainable (e.g., ensuring future generations can survive and thrive) over the long term [37].

In 2012, 17 sustainable development goals were developed during the meeting Rio + 20. One goal
is related to resilience, sustainability and risk—Sustainable Goal 11. This goal states that is necessary to
“Make cities and human settlements inclusive, safe, resilient and sustainable”. The aim is to “increase
. . . the number of cities and human settlements adopting and implementing integrated policies and
plans towards inclusion, resource efficiency, mitigation and adaptation to climate change, resilience to
disasters, develop and implement in line with the forthcoming Hyogo Framework holistic disaster risk
management at all levels” [38].

In 2014, the guiding principles for the Hyogo Framework for Action included that “the
sustainability of development depends on its ability to prevent new risk creation and the reduction of
existing risk” [39] (p. 4). Natural hazard risk management and recovery from natural hazard events
are part the sustainability concept [40].

The existing plans that deal with risk, resilience, and sustainability are: Adaptation Plans,
where the concept of urban resilience is essential but concerns only hydrogeological risks due to
climate change; Municipal Civil Protection Plans, which deepen only the emergency phase and do not
consider the prevention; Municipal Land-Use Plans, that consider risk management in different ways.
The lack of connections between Emergency and Land Use Plans makes the emergency management
less effective to achieve territorial safety [41].

Since the 2000s, the European Union has sought to improve the level of risk management in
the member states. However, the EU strategy is mainly focused on natural risk [42]. For example,
in 2007, the European Commission defined the Floods Directive 2007/60/EC [43]. This Directive states
that “Flood risk management plans should focus on prevention, protection and preparedness. . . .
The elements of flood risk management plans should be periodically reviewed and if necessary updated,
taking into account the likely impacts of climate change on the occurrence of floods”. The Directive
therefore refers to climate change but not to the concept of resilience. In 2013, a specific EU Strategy
on Adaptation to Climate Change was designed (Action 7: Making infrastructure more resilient,
for creating a climate-resilient region and implementing local climate adaptation plans). “The overall
aim of the EU Adaptation Strategy is to contribute to a more climate-resilient Europe. This means
enhancing the preparedness and capacity to respond to the impacts of climate change at local, regional,
national and EU levels, developing a coherent approach and improving coordination” [44]. In recent
years many European cities have implemented adaptation or mitigation plans; in some cases, they have
both. Indeed, European cities have responded positively to the Covenant of Mayors initiative and have
taken steps to draw up and draft their own Action Plans to achieve the 2020 and 2030 goals. Many of
these plans are available on the “Covenant of Mayors for Climate & Energy platform” opened by the
European Union in 2011, with the aim of collecting the initiatives promoted by European cities to
address the phenomenon of climate change. In Figures 1 and 2 the Action Plans realized in the in the
European cities are reported. The majority of these Action Plans were drawn up in two EU countries:
Italy (3184) and Spain (1520) [45].
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Figure 1. Action Plans in EU Member States (processing from: https://www.covenantofmayors.eu/,
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Figure 2. Action Plans in EU Member States without Italy and Spain (processing from: https:
//www.covenantofmayors.eu/, 2019).

The authors analyze different adaptation plans in Europe at urban and metropolitan level (Berlin,
Paris, Bologna...). In this regard, the Covenant of Mayors for Climate and Energy platform is initially
consulted. The risks associated with climate change considered in these plans are different according
to the physical and geomorphological characteristics of urban areas. These risks concern:

- Flood risk: connected to the high anthropization and the soil sealing, which prevent the infiltration
of rain into the soil;

- Landslide risk: related to natural factors, such as geological and geomorphological conformation,
it is strongly influenced by the anthropic modification of the territory and by the presence of
goods and people in the areas at risk;

- Erosion risk: related both to natural causes such as sea level rise, and anthropogenic causes such
as the increase in urbanization in the coastal strip for tourism and industrial purposes.

Adaptation plans incorporate actions aimed at reducing the vulnerability to climate change;
mitigation plans consider actions to decrease greenhouse gas emissions [46,47]. Nevertheless,
the adaptation plans in force are “new” tools drawn up by local governments and they are still
in small numbers compared to mitigation plans. To be more effective, these plans should integrate the
mitigation and adaptation approach.

Italy introduced the Climate Change Adaptation Plan in 2017. Figure 3 shows the diagram
relating to the methodological approach studied to define climate change risks. The proposed risk
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index considers: the hazard, measured by a series of indicators referring to future climatic anomalies;
the exposure and the risk perception, identified through a series of territorial indicators that detect
both the presence of natural, human, and economic capital potentially exposed to climatic hazards and
the perception of the various areas to damage; and finally, the ability to adapt [48].Sustainability 2020, 12, x FOR PEER REVIEW 5 of 25 
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This paper focuses on the Urban Emergency Plan, because it is mandatory at European
level—according to art. 6 of 1313/2013/EU of the European Parliament and of the Council on a Union Civil
Protection Mechanism, as amended by Decision 2019/420—and for all Italian municipalities—according
to the law 100/12. Emergency plans should aim at correlating different risk evaluations to provide
a comprehensive emergency programme for people and territorial safety [41]. Currently, the Urban
Emergency Plan does not include appropriate preventive measures to reduce the level of risk, but
focuses on emergency management and rescue operations.

The Italian civil protection system, analyzed below, has become an example for many other
nations. Over the past decade, it has developed as a result of many disastrous events and territorial
interventions. The Urban Emergency Plan analyzes the different risk scenarios that may affect the city
separately. This way, in case of danger, the administration knows: what is happening and what will
happen; the interventions needed to mitigate the damage; the resources required; the main priority
actions. An Urban Emergency Plan is divided in four different parts: territorial analysis; definition of
local civil protection structures; risk scenario studies; intervention models definition. The risk scenario
is the result of a process of analysis and overlap of the data obtained from the study of the territorial
elements exposed to risk and all the possible hazardous situations. Therefore, a risk scenario includes
a summary description of the event and a map of the areas considered most at risk for hazards and/or
exposure. The plan considers only hazard analysis and exposure assessment. Regarding the hazard
analysis, for each type of expected risk and territorial area, the plan identifies the relationship between
the intensity of the expected event and the return time within which is statistically expected. To assess
the territorial elements exposed to risk, all the places with public or private importance are catalogued,
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including administrative and operational structures and crowded buildings or squares. Starting
from these scenarios, the Urban Emergency Plan defines the monitoring activities, the intervention
model, the operational procedures, and the areas necessary for operative procedures for a correct
emergency management.

2. Materials and Methods

The authors propose a review of the Urban Emergency Plan as a sector plan to support urban
planning at the local level, aimed at building resilience in cities. The document therefore proposes
an approach that introduces the concept of resilience and various actions for risk prevention and
adaptation to climate change considering not only the emergency phase. The risk scenario tool was
then analyzed, considering, in addition to the hazard and exposure variable, vulnerability and time as
fundamental features for creating dynamic scenarios.

In this paper, a first application of the proposed approach to an Italian municipality is presented.
This approach is in line with the European Union strategy for cooperation in the civil protection field.
Indeed, European civil protection actions are not intended to replace national programmes but are
based on the subsidiarity principle, according to which EU actions must always be developed “as
much as possible” at local level. The case studies at the local scale are of special interest, since cities are
the spaces of people’s everyday lives, where experiential knowledge and face-to-face transactions take
place [49–51]. A further innovative aspect introduced is the quadruple helix concept—according to
which the involvement of four main actors (public authorities, research, enterprises, and citizens) is
necessary to achieve a common goal—to foster the creation of resilient realities. The involvement, and
therefore the participation, of the four identified players is fundamental in all phases of risk management.

An extract of the application of the research carried out by the authors for the Genoa case (Italy) is
shown below to demonstrate how the city resilience does not depend only on the actions carried out
by public authorities but it requires the joint work of all actors living or working in a city. The case
study was chosen because it represents an internationally famous case due to devastating events that
have involved Genoa in recent years, such as the flood of 2011 (natural hazard) and the collapse of
the Morandi bridge in 2018 (man-made disaster). This research aims at contributing to filling in the
gap of the operationalization of urban resilience at the local planning level. The application of the
approach and the analysis of the case study, developed in the paper, can provide tangible example of the
transition to urban resilience [52], shifting from a picture to a real display of resilience implementation
into planning practice.

According to the “learning-by-doing” approach [53,54], an experience at the local level is analyzed
here to highlight the strategies implemented for enhancing urban resilience. The results can help other
cities around the world to increase their resilience in the post-emergency phase, but also to promote
resilience and sustainable development during the peace period.

3. Methodology

This paper presents a new methodological approach for the implementation of a resilient Urban
Emergency Plans intended as a sectoral plan to support the urban land-use planning (Figure 4).
This revised plan aims to improve resilience in cities by considering the ability to adapt to change
as resilience [55]. The intrinsic changing and non-linear nature of social-ecological systems in time
and space [28,56] implies the existence of multiple pathways towards resilience [18]. Thus, there is no
“definite strategy” for resilience, but a transitioning to resilience [57] that implies multiple strategies in
time and space in an evolutionary resilience framework.

The innovative aspect introduced by the approach concerns the integration of the quadruple
helix concept—for a multi-stakeholder governance process—with the development of dynamic
scenarios—according to a multi-scale criterion which considers time and space to support the
process decision. These aspects are closely related and should be considered in all phases of risk
management: from the planning (knowledge/analysis/choice of objectives, strategies, actions, times,
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actors, funding), implementation, and monitoring phase of the plan, to the management of the
emergency and post-emergency phase. The proposed Emergency Plan reduces risk and increases
resilience by identifying specific scenarios and actions that each of the actors—public authorities,
research, enterprises, and citizens—can implement.

Risk scenarios are important to imagine the future danger situation in order to manage it [58,59].
The scenario is probably one of the main cognitive tools used to consider possible damages against
natural and man-made risks and therefore to correctly manage the territory [60]. To design realist
scenarios, it is important to know the initial situation of the territorial system and the effects that the
actions of the plan may have on territorial resilience. In this way, the risk assessment based on the
scenario becomes an analysis and assessment tool different from that obtained with a probabilistic
analysis [61]. Scenarios in risk assessments are used for various purposes, such as land-use planning,
measuring the consequences of a hazardous event, comparing different mitigation strategies, planning
and managing civil protection operations. According to the proposed methodological approach,
the dynamic scenarios are aimed at supporting the decision-making process towards a real territorial
resilience. Risk scenarios are proposed to describe the future situations based on the scientific
knowledge available at the time of their definition. For this reason, all risk scenarios should be updated
and revised, for example, following the implementation of interventions to make the territory safer.
The scenario-based risk assessment is not only essential to design the actions in the emergency phase,
but also to define prevention and mitigation programmes. Each risk scenario must refer to a specific
case study, because a single model, or method, cannot be directly applicable to other territorial contexts.
The assessment of risk scenarios provides qualitative indications; the results obtained should not be
considered as absolute but specific to the analysis carried out. In the literature, risk assessment, which is
essential for the definition of risk scenarios, is calculated as a combination of three components: hazard,
exposure, and vulnerability [62–65]. This study introduced another useful element in the definition of
risk scenarios, time, to assess the exposure of territorial elements according to the time of day, months
of the year, etc. For example, the exposure of a school changes in the morning compared to the evening,
in winter compared to summer, because its users change over time. In this way, the exposure of people
and things changes from static to dynamic. As a result, risk scenarios are also dynamic and change
over time [66]. Thanks to GIS (Geographic Information System), it is possible to create territorial
and environmental maps that can be updated and implemented in real time [67]. The risk scenarios,
returned through the GIS, are preparatory to the definition of actions and structural or non-structural
interventions necessary to mitigate the level of risk. These interventions must act on the individual
components of the risk-hazard, vulnerability. and exposure, and plan the prevention, emergency,
and post-emergency phases, addressing the different actors in a territory.

In particular, the methodological approach, studied to update the Urban Emergency Plan, proposes
a multi-stakeholder governance process where all objectives, strategies, and actions are distinct for
each of the key actors in the innovation processes: public authorities, research, enterprises, and citizens.
These actors are part of the so-called quadruple helix, a model of interaction and interdependence
necessary for territorial development [68] and thus also for increasing urban resilience.

The role of citizen participation in public planning processes has been widely discussed in
the literature [69–73]. It has been stated that there are various advantages connected with citizen
participation: better understanding of the problem to tailored solutions and more accepted outcomes,
building of a wider consensus and self-transformation of values and preferences, reduction of hostility
and increased public trust towards government (Forester, 1999; Irvin & Stansbury, 2004; Agger, 2012).
But there are also some limits to and downsides of citizen participation: citizen-participation programs
might serve a marketing purpose (Irvin and Stansbury, 2004; p. 57); routinization of citizen participation
may reduce the public pressure for reform; it can be costly and time consuming, and so on (Peattie,
1969; Russel & Vidler, 2000) [74].

In this document, we delve into the importance of citizen participation and their collaboration
with the other actors of the quadruple helix in the decision-making process.
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The concept of quadruple helix developed in the 2000s, starting from that of triple helix. The “triple
helix” model, created in 1995 by Etzkowitz and Leydesdorff, came from the observation of the strategic
importance in the development and marketing of new products and services that resides in the
interaction between universities and research centers, public institutions, and the alliance of large,
small, and medium enterprises (SMEs). This model has a very strong limit, namely that is not
considering the user—in this case the citizen—as the fourth actor for innovation. Hence, there was a
need to define a new model of innovation, the so-called “quadruple helix”, that includes the citizens,
creating a more user-centric approach (Figure 4). These models are mainly used in the marketing
sector. However, in the proposed approach, the involvement of these four actors is the key for ensuring
territorial resilience by creating a flexible community-based governance system [70]. The innovation
introduced is based not only on the ability to have access to the knowledge and skills accumulated
both internally and externally to the territorial system, but also on the ability to respond to changes on
the economic, environmental, and social aspects. Urban resilience depends on the resilience of the
individual components of the quadruple helix and it is essential for achieving the sustainability and
the security of the territorial system.

The relationship and productive exchange of ideas and resources between all the main actors
of the territory—in particular with its citizens—can promote and improve learning and innovation
processes or facilitate them through the introduction of new specific behaviors. Innovative users
can therefore play a driving force role that helps to determine the direction and the importance of
innovative activities towards resilience [75].

The actors, involved individually or in groups, contribute to the implementation of the
interventions—structural and non-structural—in the different risk phases. The objective is to lower the
level of risk and increase the resilience and therefore territorial sustainability.
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Given the importance of the synergy of the actions of the different territorial actors, the research
proposes a series of interventions for each of the actors of the quadruple helix, differentiated according
to the risk phases—prevention, emergency, and post-emergency—and the time component (Table 1
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shows an extract of the research). In this case, the temporality aspect concerns the timing from planning
to implementation.

Table 1. Examples of interventions for each of the actors of the quadruple helix.
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Structural

Research Public Authorities Enterprises Citizens

Medium Period

Design of structural
interventions and

land safety measures.

Design and
implementation of

interventions to reduce
the level of risk in
sensitive areas and

buildings.

Compliance with
safety regulations in

companies and
buildings.

Prevention and risk
reduction

interventions in
private buildings.

Moving public services (schools, hospitals, universities, etc.) from risk
areas to safe areas. . . . .

. . . . . . . . . . . . . . . .

Non-structural

Short Period

Participation of all actors of the quadruple helix in consultation tables for the planning of
interventions to reduce the level of risk.

Definition and implementation of information
and training activities for the population on
existing alert systems and on the behavior to

follow in case of risk.

Active participation in awareness-raising
meetings and training on how to behave in case

of risk.

Studies on the possible relocation of services in
risk areas and on the change of use of buildings.

Change of residence and expropriation in case
your home is in a high-risk area.

. . . . . . . . . . . . . . . .

Em
er

ge
nc

y
an

d
Po

st
-e

m
er

ge
nc

y
ac

ti
on

s

Structural
Non-structural

Research Public Authorities Enterprises Citizens

Activation of measures for the safety of
students, teaching and technical-administrative

staff inside university buildings.

Positioning of
barriers or structures
to reduce the risk in

areas with great
vulnerability.

Support for
institutions for the
implementation of

interventions to make
the territory safe.

Design of structural
renovation works.

Design and
coordination of

structural renovation
interventions.

Implementation of
renovation works for

the public and
private sector.

Support for the
implementation of

renovation
interventions.

Information to the
university staff on
the behavior and

procedures to follow.

Activation of the
municipal operational

center and civil
protection

organization. Provide
funding.

Informing employees
of the behavior and

procedures to be
followed.

Self-protection actions.

. . . . . . . . . . . . . . . .

Each scenario is associated with specific interventions, included in the plan, that should be
updated in order to verify if the action has led to an effective improvement of the resilience level. In the
literature there are several examples to evaluate urban resilience [76,77]. After considering the main
methods in the literature and the research objectives, this study identified the following macro-sectors
for the assessment of urban resilience: ecological environment [78,79], safety, mobility and transport,
education, health, public spaces, socio-economic context, and actors involved. Each actor of the
quadruple helix is responsible for the implementation of the actions foreseen in the plan. Research,
enterprises, public authorities, and citizens work together to increase urban resilience. To assess the
level of resilience, a quali-quantitative analysis is developed. This analysis is based on a study done by
the Lombardy Region (Strategic Environmental Assessment of the Regional Operational Programme
of the European Regional Development Fund -ERDF ROP- 2014–2020) [80]. For each of the chosen
territorial areas, the elements of vulnerability and resilience that characterize these zones (degradation
and quality) and the external factors that can influence these elements (pressures and responses,
or policies, unplanned changes and trends) are analyzed (Figure 5). The concepts of vulnerability and
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resilience are treated as elements to build the ongoing territorial dynamics over time and the response
capacities of the various territorial areas and actors. This study was developed through a “vulnerability
and resilience analysis”; an atypical SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis.
The SWOT is aimed at focusing on the strengths and weaknesses of the reference context, as well as the
related opportunities and threats linked to the hypothesis of development underway [81]. This analysis
summarizes the general knowledge framework on the resources, vocations and critical issues that
characterize a territory, in order to identify the areas and activities necessary to improve risk resilience.
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Considering a specific macro-sector, for each action envisaged it is necessary to evaluate the
impacts of each quadruple helix actor. These impacts can be positive (score 1), negative (score −1) or
neutral (score 0), depending on whether the actors involved have carried out effective or ineffective
actions or have decided not to act [82]. Therefore, an urban system can react in a positive manner
to a disaster if there is a synergy among these four actors. Then, there are multiscale relationships
between the resilience indicators that concern the various territorial scales investigated and the four
actors considered [83]. The efficiency of the intervention can be monitored by recalculating the value
of the resilience index and comparing it with the initial situation [84]. The results obtained through
simulations can constitute a sort of “diagnostic evaluation” aimed at directing ordinary and strategic
planning and territorial management choices [85].

4. Application and Results

The paper, starting from the approach described in paragraph 2, aimed at demonstrating the
importance of the role of the quadruple helix—or rather, the cooperation between public authorities,
research, enterprises, and citizens—to foster the development of resilient cities to calamitous events,
whether of natural or human origin. Resilient planning must define actions able to: prevent and
mitigate risk situations; manage emergencies by establishing procedures and structures; and enhance
the adaptation of the disrupted system. Indeed, the resilience of a reality depends on the overall
adaptation of the urban system.

The proposed methodology was applied to the Genoa case study. Genoa was chosen because
after several calamitous events the city has shown, thanks to the post-event collaboration of the main
actors of the quadruple helix and in particular of the population, a rapid recovery and therefore a
good resilience. This aspect that occurred in the post-emergency phase must also be achieved in the
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prevention phase, hence the importance of defining different actions in the prevention and emergency
phase characterized by the synergy of the Quadruple helix.

Genoa, according to the “learning by doing” approach, represents a good example to analyze in
order to learn how the city reacted resiliently to natural and artificial events thanks to the collaboration
of all the actors of the quadruple helix. In addition, from 2019, the City of Genoa is officially the
first city in Europe to activate collaboration with DRMKC technicians (Disaster Risk Management
Knowledge Center) of the Joint Research Center of the European Commission. This collaboration was
born to implement a new platform, the Risk Data Hub, to develop prevention policies and to prepare
changes needed according to the current and future risk scenarios. This collaboration is fundamental
to the possible inclusion of city of Genoa in the world panel of the 100 Resilient Cities coordinated by
the prestigious Rockefeller Foundation. The Genoese initiative also gained the interest of the National
Department of Civil Protection (DPC) which, as part of the “Network of resilient cities” program, chose
it as a representative local case for international activities [86].

In recent years, Genoa has been facing different types of hydraulic risk, such as floods and
inundation. In fact, since the 1935s, there have been several events that have affected the city, more than
84 between landslides and floods (floods in the historic center, floods of the streams Bisagno, Fereggiano,
Polcevera, Cerusa, etc.), which have caused 86 dead and missing (Figure 6) [87,88]. The morphology
and hydro-geological characteristics of the territory are not the main cause; in fact, an important role is
played by urbanization that has interfered negatively with watercourses.
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Figure 6. (a) Genoa hydrographic network (source: Urban Agenda for UE, 2019), (b) via Fereggiano
during the flood of November 2011 (source: Genova.24.it); (c) Via Fereggiano post-emergency
(source: Ansa.it).

Genoa is sadly remembered also for the anthropic risk. The collapse of the Morandi Bridge,
an important viaduct over the Polcevera torrent, represents the main negative event due to human
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neglect (Figure 7). On August 2018, the partial collapse of this infrastructure caused the death of
43 people, the interruption of the main connector between two highways of international relevance
(A7 and A10), the suspension of the railway line to the port and of some of the main roads connecting
the Val Polcevera with the rest of the City. It can therefore be said that the direct impacts linked to
this event have been substantial. Indirect impacts have been also significant. These impacts concern
economic, social, and environmental aspects depending on the scale of the urban system involved: the
city, the whole valley, or the district under the bridge.
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Figure 7. Image after the collapse of the Morandi bridge (August 2018–April 2020). (a) Collapse of
the Morandi Bridge—14 August 2018. The post-emergence in Val Polcevera: demolition of the bridge
(c) 20 June 2019; (d) 28 June 2019. (e) Reconstruction new bridge—22 April 2020.

In both types of risk, hydraulic and anthropic, the resilience of the Genoese territory was manifested
through the resilience of the individual actors of the quadruple helix. The adaptation therefore took
place thanks to the integration and overlapping of the actions that each of the main actors that are
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present in the territorial system implemented. Resilience is, in fact, a systemic functionality that resides
at the level of the system analyzed.

Genoa’s resilience manifested itself in the emergency and post-emergency phases, with a rapid
recovery of activities and the restoration of existing functions that allowed the city not to stop. As a
result of the calamitous events that have involved the city, there are many resilience actions that can
be reported for the prevention phase, i.e., to be applied in everyday life. In the case of hydraulic
risk, experiences have led to consideration of the importance of resilience in the preventive phase.
Some structural and, above all, non-structural interventions have been developed, such as the new
preventive and warning measures and an important public awareness campaign. Following the
approval of Regional Resolution no. 1057 of 5 October 2015, the Municipality of Genoa introduced
the classification of alerts according to the colors yellow-orange-red. Based on the color code, several
prevention measures established in the Urban Emergency Plan come into force and all citizens are
invited to contribute by adopting the behavioral rules of self-protection. In addition, a warning system
via SMS has been activated to inform citizens in good time about the type of alert. The municipality
has also launched several awareness-raising actions to make the territory more ready to respond to
calamitous events. Awareness campaigns are extremely important for the success of an emergency plan,
since a population fully aware of the danger can behave properly and cooperate with the rescue forces.

Even in the case of the Morandi bridge, there were many resilient actions taken. Here are some of
the main actions done that demonstrate the resilience of Genoa in the post-emergency phase (all the
information was taken from official documents of the Municipality of Genoa and newspaper articles):

- The school calendar has not changed: lessons started as planned on 14 September 2019 (in case of
strong earthquakes teaching has always been suspended);

- People living outside the red areas (areas near the collapsed bridge) continued to go to work
(except in some cases they started working at home);

- In the 5–6 months following the disaster, citizens going to work increased their travel time by at
least one hour and changed their travel habits by favoring public transport (car use was difficult
due to traffic following the collapse of the bridge and the closure of the roads in the red areas);

- After a week 11 families already had new homes, and within three months after the collapse the
housing emergency ended;

- One month after the tragedy, via Della Superba was completed and opened, a new road inside
the port area for trucks;

- Five months after, Lungo Mare Canepa was created to connect the two highways that were
separated after the bridge collapsed;

- Less than a year after, the remaining parts of the Morandi bridge were demolished and the
debris removed;

- After four months the project for the new bridge was approved;
- Less than two years later, the new bridge will be completed—scheduled to open in May 2020.

The collapse of the bridge modified the movement of goods and people, showing how road
networks play a fundamental role in territorial development, in the ability to connect people with work,
and to make local communities recognize them as a single entity. The population, among the actors of
the quadruple helix, is the one that has shown to be more resilient by changing its mobility habits.
In fact, many people had to change the means of transport used and their journey times for daily
home-work or home-school trips [89]. According to a survey by Confindustria, General Confederation
of Italian Industry, 44% of workers living in Val Polcevera increased the home-work journey by about
30 min, 32% by about 15 min, and the remaining 24% by 45 min and more.

The resilience shown by Genoa emerged spontaneously as a reaction to the events that occurred;
this can be demonstrated by analyzing what happened in the post-events. This is what makes
measurement and operationalization of resilience such a challenge. The proposed methodology
intends to constitute a tool not to leave resilience to chance but to guide it through planning. This



Sustainability 2020, 12, 4825 14 of 21

means considering resilience in prevention, emergency, and post-emergency strategies. Our goal was
to explore the temporal and spatial evolution of urban resilience from the point of view of the city.
To calculate the level of resilience, before and after the crisis, a qualitative-quantitative analysis was
developed, based on the evaluation of the impacts of the actions of the actors involved:

- Positive, if they have performed effective actions (score 1);
- Neutral, if they have decided not to act (score 0);
- Negative, if they have performed ineffective actions (score −1).

In the first case, when the impact is positive, the degree of resilience is higher than in the peace
period and the system maintained its key functions or even improved them.

The level of resilience of the city of Genoa increased spontaneously after the flood of 2011 and the
collapse of the Morandi bridge in 2018 from the starting level to an intermediate level.

Figure 8 shows an extract of the analysis developed for the assessment of resilience after the
collapse of the bridge. The Polcevera valley and the district under the bridge were considered as the
territorial sample.
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The positive actions resulting from the resilience assessment (post emergency) described above
have been proposed within the Genoa Urban Emergency Plan to increase local resilience during the
peace period. Table 2 shows an extract of the research carried out.
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Table 2. Examples of integrations to improve resilience in Genoa Urban Emergency Plan.

Urban Emergency Plan Genoa Suggested Integrations to Improve Urban Resilience

1. Criteria for risk assessment

Inclusion of the prevention phase and the resilience
concept (the plan in force considers only the emergency
and the post-emergency phases). The plan should assess
the starting resilience index of the city and propose
different actions to improve this index.

2. Municipal operational phases
The plan considers only the municipal actors, while it
should analyze the various contributions of each of the
actors of the quadruple helix.

3. Structure of the municipal protection system
It is advisable to insert a paragraph dedicated to
prevention and resilience not only the emergency and
post-emergency phases.

4. Plan implementation and monitoring
It is important to organize meetings with each of the actors
of the quadruple helix to share and implement the contents
though a participatory design approach..

The Urban Emergency Plan should propose different actions to increase local resilience level.
According to the methodology proposed by the paper, each actor of the quadruple helix—public
authorities, research, enterprises, and citizens—is responsible for the implementation of the actions
foreseen in the plan.

The application shows that the resilience of an urban system responds holistically; that is, it cannot
be explained exclusively through its individual components, since the functional sum of the parts is
always greater, or in any case different, of the same parts taken individually [90,91]. The four different
scores that make up the resilience index do not capture the “absolute resilience” but consider the
contribution that each actor can make (in the planning phase or in the post-event phase). The four
actors work together to increase urban resilience. Thanks to a series of strategies—which coordinate
the possible interventions of each of the four actors over time and space—included in the new urban
emergency plan, it is possible to achieve an optimal level of resilience (Figure 9). This level corresponds
to a safety standard for all the people and thing exposed to risk (people, historical heritage, built, etc.).
Urban systems are indeed the result of the interaction between the natural and morphological aspects
with the different actors who live, work, study, or govern it [92].
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Figure 9. The resilience index of Genoa before (starting) and after (intermediate) the implementation
of the actions foreseen in the Urban Emergency Plan. The final index represents the optimal level of
resilience to be achieved.

5. Discussion and Conclusions

The proposed methodology, that considers the involvement of the different actors of the
quadruple helix to improve local resilience, can constitute a new DSS (Decision Support System)
(Figure 10). This methodology can indeed support local administrations in identifying the interventions,
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the constraints that must be observed in potentially endangered areas, and the technical standards
aimed at guaranteeing the resilience of the population, buildings, and ecosystems [93–95].

The integration of resilience, and so sustainability criteria, to urban dimension should not be just
an environmental benefit, but an alternative to generate better habitability in cities, increasing the
quality of life. If we really want to pursue a deep change, we need to embrace new approaches to
understand cities’ complexity. This complexity requires the definition of new strategies to redirect
urbanization trends towards a resilient horizon. This change must be supported by the creation
of holistic knowledge [96]. The holistic characteristics were introduced by the Santa Fe Institute, a
research center in the USA:

- Multidisciplinary approach;
- Analysis of the behavior of complex systems;
- Recognition of the feedback mechanism between systems as a crucial element for understanding

their behavior.

In the approach proposed, the multidisciplinarity is represented by the introduction of a
multi-stakeholder governance process thanks to the quadruple helix principle. The new resilient and
dynamic scenarios—according to the multi-scale criterion that considers time and space—can play a
fundamental role in the analysis of the urban contest as a complex system.

Quadruple helix principle and dynamic scenarios, included in the Urban Emergency Plan,
are related to both the emergency and post-emergency phases, but also in the prevention phase.
In this way, planning plays a central role in orienting the choices of local government towards solutions
that consider risk reduction, the increase of resilience, and therefore the sustainability of the territory.
The proposed emergency plan identifies specific structural and non-structural interventions that each
of the actors—public authorities, research, enterprises, and citizens—can implement according to the
risk phases and the time component. What is important is the sharing and circulation of knowledge
between the actors, involved individually or in groups, to help achieve the goal of resilience.
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The third aspect of the holistic research is the feedback mechanism. According to the study
presented, the “learning by doing” approach was followed. The analysis of post-emergency resilience
and the application of the methodology to the Genoa case study was proven to be useful for identifying
specific actions for the four actors, also in the prevention phase and therefore for urban planning.
A more important aspect that emerged in this research was the recognition of the holistic approach
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to respond to the challenge of resilience. This approach is fundamental to study a complex system
such as that concerning the risk resilience analysis of a territorial system. Cities, being complexes of
interdependent systems, cannot be understood by sectorial and disciplinary approaches alone [97].
In the holistic approach, systems are approached as coherent wholes whose component parts are
best understood in context and in relation to one another and to the whole [98,99]. This practice is
in contrast to a purely analytic tradition (sometimes called reductionism), which aims to understand
systems by dividing them into smaller composing elements and gaining understanding of the system
through understanding their elemental properties [100]. This paper therefore proposes an approach to
resilience that starts from the innovation that each actor of the quadruple helix can bring. The resilience
of territorial systems can therefore be calculated as a function of the resilience of all the actors involved.

ResilienceUrban system

= f
(
ResiliencePublicAuthorities; ResilienceResearch; ResilienceEnterprises; ResilienceCitizens

) (1)

The “Smart Mature Resilience” project (founded by Horizon 2020 Programme of the European
Union) can be considered a proof of what is proposed here. This project gathers experts from the
cities of Bristol, Donostia/San Sebastian, Glasgow, Kristiansand, Riga, Rome, and Vejle to contribute
to the development of a city-resilience maturity model and a risk assessment questionnaire. In this
process two cross-cutting elements are monitored: stakeholder involvement and quality improvement.
The greater the number of stakeholder types (including external stakeholders outside the city) involved
in the resilience building process, the greater the effectiveness and the quality of the measures taken in
the most virtuous cities. According to project guidelines, among the main characteristics that cities
with a robust resilience level must have (the levels are: initial, moderate, advanced, robust, vertebrate)
is precisely the development of a framework to manage resilience with a holistic approach [101,102].

In conclusion, the approach studied and the analysis of the case study of the city of Genoa—i.e., the
collaboration of all the actors involved in order to adapt resiliently to natural and artificial events—may
be useful for other cities that, in the framework of the Municipal Master Plan, have to face choices of
territorial planning before a calamitous event occurs. The proposed approach therefore allows the
Urban Emergency Plan to become a sector plan of the Municipal Urban Plan capable of encouraging
the launch of resilient processes within a territorial system potentially vulnerable to calamitous events.
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