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Abstract In the first decades of the new millennium, the world has changed, and
it is still changing faster and faster in an unpredictable way. We are in the age
of complexity: interdependences, surprises, and uncertainties no longer permit the
management of safety with reference to stable conditions. This requires improving
the resilience capabilities of the communities, particularly for coping with disasters.
United Nations policies underline that the capacity of facing disasters is becoming
a fundamental prerequisite for sustainable development. This paper presents some
reflections on why, in an increasingly complex world exposed to a multiplicity of
hazards, it is important to address the problem of disaster risk reduction and resilience
in terms of the new paradigm of “intersectoral safety”. Intersectoral safety for disaster
risk reduction and resilience is the research topic of the UNESCO Chair of the
Universita degli Studi di Udine (Italy). The contents of this paper resume what was
discussed in a seminar of the Italian network of the UNESCO Chairs, illustrate the
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theoretical concepts at the basis of the new paradigm of intersectoral safety, and
present some applications.

Keywords Sendai framework - Next generation EU - Safety - Resilience -
Complexity - SDG 11: Sustainable cities and communities—make cities and
human settlements inclusive, safe, resilient and sustainable

1 Introduction

Events and phenomena with a strong impact on the territory are increasingly common
and are exacerbated by climate change; they are related to natural hazards (e.g.,
floods, tornadoes, earthquakes, hydrogeological instability phenomena, drought),
anthropogenic hazards (e.g., air and water pollution, deforestation, soil degradation,
land abandonment), or combinations of the two. These events are affecting with
greater frequency and intensity all countries around the world.

The Sustainable Development Goals introduced by the UN Global Agenda 2030
(United Nations General Assembly 2015), in combination with the priorities of the
Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR 2015), consider
safety, resilience, and ability to manage territorial risks as a prerequisite towards
sustainable development. Those aspects have been taken into account in the post-
COVID-19 recovery plans (and in particular in the Italian Next Generation EU—
PNRR).

The COVID-19 pandemic has unequivocally evidenced that social and natural
systems have become increasingly complex and strongly interconnected. This calls
for design, development, and adoption of methods and strategies for managing devel-
opment processes that are both risk-informed and science-based, but overall, that are
effective nowadays and in future contexts. In particular, both the systemic nature
of risk and complexity require a contextualized approach to managing safety and
resilience.

In 2018 the “UNESCO Chair on Intersectoral Safety for Disaster risk reduction
and Resilience” was established at the Universita degli Studi di Udine (UNESCO
Chair 2018) (hereinafter, simply “UNESCO Chair”, or “Chair”). The main goal of
the Chair is to develop research, and related teaching activities, on the new paradigm
of intersectoral safety, with the definition of conceptual frameworks, as well as
risk-informed, science-based approaches and tools (Fig. 1). These activities aim at
supporting safety management and resilience improvement actions, considering the
potential various contexts and the different phases of the disaster risk management
cycle (DRMC).

Particular attention is devoted to the point of view of who is called to act for imple-
menting contextualized solutions for sustainable development, taking into account
the current and future evolution of the territorial systems, which are becoming more
and more complex and in which uncertainty and changes are the new normal.
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Fig. 1 Main goals of the UNESCO Chair on Intersectoral Safety for Disaster Risk Reduction and
Resilience, SPRINT-Lab, Universita degli Studi di Udine (I)

The following sections summarize the reflections done during a seminar focused
on the topic of safety and resilience in the age of complexity, which allows us both
to depict an overall conceptual view on the issue and to illustrate applicative tools
already positively adopted for coping with the problem. In particular, the next section
illustrates why complexity requires a change of approach for safety management,
based on resilience enhancement.

2 Complexity Requires a Proper Safety Management
Approach

System theory and strategic management approaches in literature distinguish
different contexts depending on the nature of the system in which the managers
are called to work. In particular, the context can be classified as simple, compli-
cated, complex, and chaotic (Snowden and Boone 2007; De Toni and Comello 2013;
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Dahlberg 2015). Each context classification requires managers first to diagnose situ-
ations and then to adopt and enact contextually appropriate actions. Hereinafter, the
peculiarities of the different context classifications are summarized.

Simple contexts (the realm of “known knowns™) are characterized by stability
and clear cause—effect relationships. The management’s main steps are classify and
implement. That is, to assess the specificities of the situation, categorize them, and
then base the response on established practice. In this context, the use of best practices
is common, and often appropriate. Optimization is the main strategy for finding
solutions.

Complicated contexts (the realm of “known unknowns”) may contain multiple
right answers, and the relationship between cause and effect may not always be clear.
The management’s main steps are: to analyze, plan, and implement. This approach
is not easy, often requires expertise, and, usually, it takes a lot of time. Simulations
through models are often a good strategy for finding alternative solutions.

In a complex context (the realm of “unknown unknowns”), right answers cannot
be ferreted out. A complex system has the following characteristics:

e it involves large numbers of interacting elements, in which the interactions are
nonlinear and minor changes can produce disproportionately major consequences;

e it is dynamic, the whole is greater than the sum of its parts, and solutions cannot
be imposed; rather, they arise from the circumstances (this is referred to as
“emergence”);

e the system has a history, and the past is integrated with the present; the elements
evolve with one another and with the environment; evolution is irreversible;

e though a complex system may, in retrospect, appear to be ordered and predictable,
hindsight does not lead to foresight because the external conditions and systems
constantly change;

e agents and the system constrain one another, especially over time; this means that
we cannot forecast or predict what will happen.

In this domain, we can understand why things happen only in retrospect. Instruc-
tive patterns, however, can emerge. Instead of attempting to impose a course of
action, we have to patiently allow the path forward to reveal itself. We recognize that
in the present multiple possible futures exist, rather than a unique predictable future.
Management’s steps are to act, learn, and adapt. From “design and implementation,”
it is necessary to pass to “evaluation and exploitation.” If we consider the strategy
as the process for transforming the “as-is” state into the “to-be” state, in complex
systems, the strategy of action is not deliberate but emergent and it is guided by the
“as-is”, instead of by the “to-be” as is possible to do in the simple and complicated
systems (Battistella and De Toni 2018).

In a chaotic context (the realm of “unknowable”), searching for the right answers
would be pointless: the relationships between cause and effect are impossible to
determine because they shift constantly and no manageable patterns exist. We are
in turbulence. In the chaotic domain, management must first act to establish order,
then sense where stability is present and from where it is absent, and then respond
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by working to transform the situation from chaos to complexity, where the identi-
fication of emerging patterns can both help prevent future crises and discern new
opportunities. The management’s steps are to act and adapt.

Simple and complicated systems characterized the previous century. We can
observe that simple and complicated systems, generally, are closed and linear. In these
systems, all the elements, their inter-relations, and the boundary conditions are known
and controllable. In this kind of system, optimization is the best strategy for reaching
and maintaining the target of safety as a sort of desired state of static equilibrium.
Specific approaches to safety were developed and positively implemented.

Nowadays, instead, we observe that many systems are becoming more and more
complex, dynamic, and open. This is the case of the socio-ecological systems. There
are more and more evidences that the classical approach to safety is not still effective
and that considering safety as a state of static equilibrium is improper. Therefore, the
question is how can we address the changes when not all the factors governing the
system can be controlled and the optimization strategy is inappropriate?

Complexity requires introducing a systemic view and the transition from a reduc-
tionist to a holistic approach. The system cannot be divided and treated in separated
parts. The decision-making process has to be based on: monitoring, anticipation,
adaptation, and learning. We need to pass from a technical to an adaptive approach,
in which the role of human is central. In practice, complexity requires abandoning
the assumption, rooted in Newtonian science, that a certain level of predictability and
order exists in the world. Uncertainties and surprises are the normality in complex
systems.

Instead of searching for the optimal solution, management in complex systems
requires the ability to navigate, while facing the changes, maintaining an overall view
and clarity of the goals (Snowden 2005). This means that the actor (i.e., the person
who acts, carrying out concrete actions) can play an active role in defining the future.

3 Safety Management Paradigms

While searching for a proper approach to safety management in the current complex
situation, it is useful asking ourselves: which has been the approach to safety until
now? We observe that it has followed an evolutionary and expansive process over
time, characterizing different ages. Starting from the Industrial Revolution and the
invention of the steam engine, a first age is identified as the “technical age”, the age
of technology, where the main goal was the improvements in the ability to identify
the “broken part” (i.e., the part of the technology that failed) and to avoid single
component failures. Simple to sophisticated techniques and models were developed
for managing risky technology, from the domino (Herbert 1931), and Swiss cheese
(Reason 1990) techniques, to probabilistic risk assessment models. These techniques
and models assumed the existence of a linear relationship between cause and effect
and presupposed the knowledge and controllability of each component of the systems.
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The accident that occurred in 1979 at the Three Mile Island reactor (USNRC
2018) evidenced that the cause was human-related and not an equipment problem.
This determined the starting point of the second age; the “human factors age.” Safety
management expanded to focus on the human (especially, human performance). The
main goal was to avoid human errors, introducing rigid instructions and control
of execution, and sometimes adopting the strategy of substituting human action
with automation. This view of safety management continued until accidents such
as the Challenger space shuttle accident and the Chernobyl reactor meltdown, both
occurred in 1986, when the cause of the accidents was found within the organizational
aspect of the management, and not on human or technical faults. Organizational
factors (such as management and safety culture) also needed to be addressed to
maintain safe operations. This marked the starting point of the third age of safety
management, the “organizational age”. Safety management in this age saw human
errors and technical failures more as a consequence than as a cause. Errors were seen
as the “tip of the iceberg” of underlying conditions and problems at the higher levels
of the organization (e.g., poor leadership for safety or safety culture).

This view continued until the Columbia Space Shuttle disaster in 2003 when
it was discovered that the causes were due to the interdependent interactions of
the technology, human, and organization that occurred at the time of the accident
(Dekker et al. 2011). This marked the starting point of the current age of safety
management, i.e., the “holistic and systems age.” Using this safety approach, we
look at the whole picture of a jigsaw puzzle and not only the characteristics of the
single piece. Adopting a holistic approach means seeing more clearly where each
piece fits in, how it affects the whole picture, and understanding its dependency on
other pieces. Is this enough?

If we act in simple or complicated systems, the optimization approach, the
centrality of technical skills, the importance of the interaction of the components,
and the clarity of objectives and roles are central. A metaphor for these systems is the
Swiss clock, which can be disassembled for evaluating each part, repaired, reassem-
bled in a pre-defined way to improve the situation, and obtain a well-functioning
clock. In complex systems, where the interrelation with the environment changes
continuously and we cannot know and control all the elements influencing the system,
the optimization approach does not work. In this case, a proper metaphor is sailing
or rafting. The research of the optimization, of the specific best solution, has to be
substituted with the ability to navigate which requires capacity for monitoring, antic-
ipation, adaptation, and learning. This is to set up the right actions in the contingent
situation, accounting for the continuous changes in the context. In this perspective,
considering that the environment cannot be fully managed or known in advance, it
is necessary to focus on the ability of sailing and rafting safely. This can be achieved
by building good boats and preparing crews to put in place a continuous and circular
process of evaluation, decision-making, and action enactment. It is necessary to ride
the wave of risk and train to face the surprises that will appear while navigating along
the line of time.

Nowadays, safety management is a complex problem to deal with in a complex
world. Safety management in complex systems has to consider the multiplicity of
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risks, dimensions, and disciplines, as well as a large number of interconnections,
the variability of context, and the plurality of subjects, with their roles and points
of view. Moreover, the system is open, and it interacts with its context, where not
everything is completely knowable, predictable, and controllable. This is particularly
true if we consider the problem of disaster risk reduction and resilience (Alexander
2013). Recalling the metaphor of the jigsaw puzzle: the picture changes and the light
conditions do not enlighten the whole picture.

These circumstances push for a new strategy for managing safety, based on an
intersectoral approach. Figure 2 summarizes the intersectoral safety approach for
safety management in the age of complexity, outlined by the researchers of the
UNESCO Chair. The paradigm adopts the point of view of an actor (or a group of
actors, a community) who is called to manage safety in a complex, uncontrollable,
and changing environment. The actor navigates by leveraging the interaction between
human and physical spheres, and their relative contexts, actuating continuous cycles
of monitoring—anticipation—adaptation—learning, accounting for the mutual interac-
tion among technological, human, organizational, and systemic factors. Considering
the perspective of the actor, the question is: how to do the right action at the right time?
The experience teaches that navigation is not always linear and calm: adverse events
happen, sometimes as unprecedented and surprises. Earthquakes, floods, pandemics,
droughts, and wars are only some (actual) examples. It is worth noting that even if
adverse events occur in a more or less predictable way, it is possible to distinguish
repetitive phases in the DRMC, characterizing the period before (prevision—preven-
tion and preparedness) and after the event (response and recovery). Trying to recog-
nize in advance strategies and tools for defining why and what to do in the different
phases could help the actors in their navigation.

To summarize, the intersectoral approach implies not only linking the technical
aspects with the socio-economic and human behavior but also, as highlighted by
the UN Agenda 2030, taking advantage of interdisciplinary and inter-institutional
synergies. The main goals of the intersectoral safety approach are to improve the
capacity of contextualization and finalization and to build leverage and tools for
helping actors in managing safety and enhancing resilience. The following section
briefly presents some activities developed by the UNESCO Chair in collaboration
with partner institutions referring to the paradigm of intersectoral safety.

4 Applications of the Intersectoral Safety and Resilience
Approaches, in the Activities of the UNESCO Chair

The UNESCO Chair applies the intersectoral safety approach in projects and activi-
ties involving one or more phases of the DRMC. In the following, three main projects
and activities are summarized, i.e., the project applying the “Visual Inspections for
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Fig. 2 Safety management in a complex context: acting in the present for navigating toward the
desired future in an uncontrollable and changing environment. Intersectoral safety framework

defining Safety Upgrading Strategies” (VISUS) methodology, the Safety and Emer-
gency Response Management (SERM) Academy, and the training activities of the
UNESCO Chair at the Universita degli Studi di Udine.

VISUS is a methodology for the safety assessment of learning facilities (Grimaz
and Malisan 2016, 2019a, 2019b; Torres et al. 2019), centered on a rapid triage evalu-
ation, to provide decision-makers with the information for establishing and enacting
safety upgrading strategies based on multi-hazard safety assessments. VISUS is
implemented, in collaboration with UNESCO, within the “Comprehensive School
Safety” framework (GADRRRES 2022), which bases school safety on three main
pillars, that are “safer learning facilities,” “school safety and educational continuity
management” and “risk reduction and resilience education.” Within this framework,
VISUS focuses mainly on safer learning facilities and its intersections with the other
pillars. The VISUS methodology is applied worldwide (Grimaz and Malisan 2020;
Figueroa et al. 2020), thus allowing for the assessment of learning facilities charac-
terized by various and different contexts, in terms of environmental characteristics
(e.g., expected multiple hazards), technology (e.g., typical construction features), and
social context (e.g., local knowledge). One of the first phases of the VISUS implemen-
tation is the capacity building of the persons (usually, students at local universities,
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Fig. 3 Photos acquired during the implementation of the VISUS methodology (top row: Bosnia and
Herzegovina, Indonesia, and Haiti respectively) and the SERM Academy activities (bottom row:
interforce teams: Universita degli Studi di Udine, Friuli Venezia Giulia Regional Civil Protection,
and Italian National Fire Department)

or local technicians) who will be involved in the school safety assessments (Fig. 3,
top row). This phase aims at transferring knowledge, creating the ability to identify
potentially unsafe situations in schools, with the support of a survey tool designed to
facilitate information recognition and collection. VISUS acts therefore as a bridge
between science, education, and policymaking, contributing to SDGs 4, 11, and 13,
in the prevision—prevention and mitigation DRMC phases.

Another application of the intersectoral safety approach has been developed by the
UNESCO Chair in collaboration with local institutions in the Friuli Venezia Giulia
(NE of Italy) region, with the development of the SERM Academy. The SERM
Academy is an international training school that aims at strengthening an integrated
system for seismic emergency management and at improving the cross-border inter-
operability among civil protection actors. The SERM Academy takes advantage
of the synergic collaboration of local, national, and international actors, focusing
primarily to meet the training objectives of the Regional Civil Protection and the
National Fire Service, in order to define an integrated response model. Within the
SERM Academy, innovative technologies and procedures are developed and tested
to support the response management to emergencies. In particular, the “iTriage”
approach aims at engineering the integrated patrol techniques for the management
of emergencies, using innovative methodologies and ad-hoc IT solutions. The solu-
tions identified and tested within the SERM Academy can be a useful support for
the management of seismic emergency scenarios at local, national, and international
levels. Within the SERM academy, another example of application of a synergistic
approach of competencies and knowledge to intersectoral safety concerns the activ-
ities for the test of new solutions of short-term countermeasures, with the strict
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cooperation between researchers and expert firefighters (Grimaz 2011; Grimaz et al.
2018) (Fig. 3, bottom row). All the above aspects are tested during real-scale exer-
cises, in the training camp set up in an abandoned village in Udine province (Italy)
(SPRINT-Lab 2018). In particular, the SERM Academy emphasizes the importance
of the intersectoral approach that combines science and experience, theory and prac-
tice in improving resilience in the stages of preparedness and emergency response
(Grimaz et al. 2022). Currently, the SERM Academy has been renewed, embracing
a multi-hazard perspective.

Finally, the UNESCO chair promotes research lines in the field of interdisciplinary
teaching: curricular courses in Engineering (namely: “Safety and civil protection”
and “Seismology applied to engineering”) and Law Sciences (“Safety management
and resilience”); a Master on Integrated Water Cycle; a PhD in Energy and Environ-
mental Engineering Sciences (with a focus on intersectoral safety issue for disaster
risk reduction and resilience with insights into the safety of infrastructures and the
resilience of water networks). These activities focus on the concept of intersectoral
safety, highlighting the need to address complex and multifaced development issues,
and this can be achieved with a strict connection and exchanges between research,
experimentation, and education. The pictures in Fig. 3 evidence the active involve-
ment of university students in synergy and collaboration with staff from the various
involved institutions.

5 Conclusions

Safety and resilience in the age of complexity require giving a central role to human
intelligence and abilities, especially in managing the interaction with the physical
environment. This interaction is not necessarily passive (e.g., persons adapting them-
selves to accommodate the requirements posed by the physical environment). Human
action can act on the physical environment making changes that facilitate favorable
conditions for safety management as well as allow performing adaptive approaches.
Adapting means being resilient and pursuing safety even when faced with pitfalls.
Improvisation and creativity assign to the human sphere the role of “brain and driver”
of the safety management, the role of a skipper of a boat that aims also to guarantee
safety throughout the navigation towards sustainable development. The UNESCO
Chair, in partnership with other institutions, is on the front line in training those
fundamental skills for the new generations of managers called to face a more and
more unpredictable future.
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