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Introduction

Disaster Risk Reduction (DRR) is a task that our society is increasingly urged to address at
all scales, from global to local (SFDRR, 2015). It is typically knowledge-based, knowledge
having the role of enabling policy and practice to carry out informed decision-making and
coordinated action (Weichselgartner and Pigeon, 2015).

The need to promote a more vigorous and continuous action of DRR raises from the
observation that, in the last decades, despite the considerable amount of available scientific
information and of actions already undertaken, disaster related losses are increasing almost
all over the world, as brilliantly depicted by the title of the paper by White et al. (2001): “knowing
better and losing even more”. This increase is due to many interlaced reasons. They include
the increase of both the hazard, due for instance to climate change and to the multiplication
of “Seveso” plants, and the vulnerability and exposure, e.g., related to a widespread and in
some cases poorly governed urbanisation (see, among many others, GFDRR, 2016).

In particular, DRR related to risks that are managed by civil protection organizations relies on
two fundamental pillars: technical decision-makers and scientists. Above them there are the
political decision-makers, i.e., those who represent the political willingness and who support
risk reduction activities according to choices that are in harmony with the electoral mandate
(Dolce and Di Bucci, 2014).

The community of technical decision-makers manages the entire risk cycle, including
prevention and preparedness, forecast, emergency and emergency overcoming, whereas the
scientific community provides data, products, models, scientific information and advice as a
qualified support for sound decision-making. Although their importance and role are well
known and reciprocally acknowledged, how to effectively implement the interplay between
them to achieve effective DRR is another matter (see, among many others, Cramer et al.,
2018; DG-R&l, 2019; SAPEA, 2019).

Recent literature underlines how this interplay is becoming more and more important (e.g.,
Ranchod and Vas, 2019; Heikkila et al., 2020). For instance, according to Ismail-Zadeh et al.
(2017), disaster science is progressively moving from single disciplinary research sectors,
through a multidisciplinary approach, towards an interdisciplinary research. This path,
however, still remains entirely within the scientific community. The envisaged final step
envisaged, however, would be the implementation of a transdisciplinary, co-designed and co-
produced research involving public bodies, business and civil society in the process.

This action-oriented research, co-produced with technical decision-makers, allows to move
through the levels of understanding, i.e., from the facts and data, to the information, up to the
knowledge, meant as an organized information that, once applied, becomes a shared wisdom
(also see the so-called DIKW pyramid; Ackoff, 1989; Weichselgartner and Pigeon, 2015,
among others).

In this perspective, the knowledge process requires intense collaboration between scientists
and society, the latter including both politicians and the public, especially when scientists move
from their research framework to the “disaster advisory science” (Donovan and Oppenheimer,
2016). However, when dealing with the interplay between science and policy-making for DRR,
relevant gaps - epistemological, strategic, institutional - have been pointed out (Albris et al.,
2020, with references), along with some proposals to bridge them (e.g., Gaillard and Mercer,
2012, among others). In many cases, these proposals focus on the need to complement the



top-down institutional approach with a bottom-up one (Amaratunga et al., 2018) and to use
them together to pursue DRR, starting with risk assessment and establishing actions to be
implemented based on a dialogue phase.

Within this general and theoretical framework, a concrete question remains in the need of an
answer: how to build, in practice, an effective collaboration between civil protection decision-
makers and scientists, in order to obtain an incisive and timely DRR? The aim of this paper is
to provide this answer based on the experience at national scale made by the Italian system
of civil protection, which has a long-lasting experience of relationships between science and
decision making.

The relationship between science and civil protection decision-making characterises civil
protection organizations, as well as risk and emergency management agencies, in many
Countries.

For instance, in many European Countries these relationships may develop within committees
and expert groups appointed by the national authorities responsible for civil protection. Some
examples are provided by De Groeve and Casajus Valles (2015). A role is also often played
by the National Platforms for DRR, which were issued after the Hyogo Framework and still
operate under the Sendai Framework (HFA, 2005; SFDRR, 2015); often these National
Platforms include representatives from public administrations and scientific institutions
(https://www.preventionweb.net/english/hyogo/national/list/?pid:23&pih:2).

An overview on an international scale of some national systems of scientific advise can be
found in a survey made by the European Commission (2015), where the presence of advisory
councils, advisory committees, national academies and chief scientific advisors is mapped. In
some cases, such as the United States, there is a formal agreement for cooperation and
coordination of activities and programmes of mutual interest between the agency and the
scientific institution dealing with DRR, namely FEMA and USGS (FEMA-USGS, 2016).

The relationship may be openly acknowledged, as in the case of New Zealand, where a
section of the Guide to the National Civil Defense Emergency Management Plan is dedicated
to science and research organizations (New Zealand Government, 2015), or may remain
behind the writing of governmental documents, as with Spain’s National Civil Protection
Strategy (Spain Government, 2019), for which collaboration with university centres is simply
mentioned in the document's preface.

In addition, the relationship can also provide support for the training of civil protection
operators, as happens for example in Chile (https://www.onemi.gov.cl/historia/), where a Civil
Protection Academy created by ONEMI (Oficina Nacional de Emergencia del Ministerio del
Interior y Seguridad Publica) also uses courses organized by various universities.

Based on this brief overview, it is clear that the relationship between the scientific community
and civil protection exists in many Countries and on a supranational scale, in different parts of
the world. Nevertheless, it is not an easy collaboration, and criticalities may come to light
(OECD, 2015).

In Italy, how to build an effective collaboration between civil protection decision-makers and
scientists has been addressed and ‘digested’ for years, in particular referring to those risks
that the law assignes to civil protection liability (Table 1).
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Table 1. Risks of civil protection in Italy (Legislative Decree 1/2018, art. 16).

Body in charge Risk

Types of risks for which the Italian civil protection seismic
system takes action. volcanic
from tsunamis
hydraulic
hydrogeological
from adverse weather phenomena
from water deficit
forest fires

Types of risks for which the responsible bodies are chemical
identified by specific laws. However, the action of the  pyclear
civil protection system can also be carried out for radiological
these ones. )
technological
industrial
transport
environmental
health
uncontrolled re-entry of objects and space debris

DRR for these risks falls within the civil protection function. This function is not limited to
emergency management, but includes also risk forecasting and prevention activities. The
latter continually need to be further developed and updated, also due to technological
evolution and advances of scientific knowledge. Finally, the civil protection function also
includes the phase of emergency overcoming, understood as the restoration of normal living
conditions for the populations and territories affected by a disaster (for a general overview,
see Dolce et al., 2020).

The civil protection system is multilevel and has responsibilities in a wide range of fields. The
system is coordinated by the Civil Protection Department, which is part of the Prime Minister’s
Office. Legislative Decree 1/2018 - Civil Protection Code, which is the law that currently
regulates the Italian civil protection system (namely, the National Civil Protection Service,
NCPS), clearly identifies the subjects that make up the system. It distinguishes them into
Components — i.e., State, Regions and Autonomous Provinces, local Authorities —,
Operational Structures —i.e., Firefighters, National Health Service, civil protection Volunteers,
etc. — and Contributing Subjects — professional orders, public and private companies, etc. The
scientific community is explicitly mentioned among the Operational Structures.

This paper aims at showing how an effective collaboration between the two communities of
civil protection decision-makers and scientists has been built in this context, maintained and
updated over the years and decades in Italy, having the DRR as a common goal. As will be
shown in section 2 and discussed in section 4, this collaboration has benefited from the
presence of so-calles hybrid experts, civil servants operating at the interface between the two
communities.

The experience here discussed or parts of it, providing ideas and food for thoughts, may be
useful as a good practice to share with or be of inspiration to academics, policy makers and
practitioners in other Countries and international Institutions who are working to address
similar challenges to achieve the same goal in the coming years (section 3).



Science-Civil Protection Relationship in Italy

In Italy, the relationship between Science and Civil Protection is a long lasting one. It formally
dates back to 1992 (subsection 2.1), when the first civil protection law was issued, assigning
a role to scientific institutions. It continues today under a new law, which came into force in
2018. The complex and multifaceted interaction currently taking place has developed within
this regulatory framework (subsection 2.2), facilitated by the interface role played by hybrid
experts (subsection 2.3).

Science-Civil Protection, a relationship issued by law

The collaboration between science and civil protection in Italy dates back to 1976, in the
aftermath of the Friuli earthquake. The formal relationship between the scientific community
and the Italian NCPS, a system of which scientists are de facto part, was then enshrined in
the Law 225/1992. In that law, technical-scientific bodies and research institutions were
included among the national operational structures of the NCPS, and the "Commission for the
forecasting and prevention of major risks" (in short, the so-called Major Risks Commission)
was established for the first time. It was considered, and still is, the technical-scientific advisory
body of the Civil Protection Department for all the civil protection activities aimed at forecasting
and preventing the various risk hypotheses (Legislative Decree 1/2018, art. 20).

In the current Civil Protection Code, several articles are dedicated to the scientific community.
On the one hand, this focus of the law represents the recognition of the important role the
scientific community plays in civil protection activities. On the other hand, it expresses the
need to better regulate this role in a context that has seen the question of responsibilities and
their correct attribution to the various actors of the civil protection system increasingly emerge,
over the years and at both international and national level.

It should be noted that the role played by the law is not only formal. The law shapes the
collaboration between scientists and civil protection decision-makers in a very practical way,
because all the contributions described in the boxes from (i) to (vi) in Figure 1 are managed
according to the Civil Protection Code. A few examples below may help to go into more detail.

Among the contents of the Code, some excerpts deserve some comments. In defining the role
of the scientific community, it is specified that it “participates in the National Service through
the integration in the activities of civil protection [...] of knowledge and products resulting from
research and innovation, also already available, which have reached a level of maturity and
consensus recognised by the scientific community according to the practices in use, also as
a result of initiatives promoted by the European Union and International Organisations also in
the field of research for protection against natural disasters” (Legislative Decree 1/2018, art.
19; all the excerpts from the Italian laws quoted in the text have been translated by the
authors).

This part of the law takes into account the fact that in the dialectic of scientific research the
development of different hypotheses is intrinsic. The development of a hypothesis, according
to the scientific method (or Galilean method), is part of a series of steps that include observing
a phenomenon and/or formulating a research question, developing a hypothesis to explain it,
predicting some consequences of this hypothesis, constructing an experiment or collecting
information in a natural laboratory about the predicted consequences, analysing the results to
test the hypothesis and, finally (it may take many iteractions), falsifying it. Therefore, according
to the Code, a scientific product must undergo a complete verification process by various



scholars and research groups, before becoming a consolidated scientific asset (which,
however, over the years will be destined to show its limits and possibly be abandoned). The
underlying concept is to base civil protection activities on this type of knowledge and products.
In this way, one does not have to deal with the results of a single researcher, because it would
be easy to find contrary or different results produced by other researchers.

An example of a consensus reached within a broad scientific community on a product of
interest for civil protection is the Italian national seismic risk model, included in the National
Risk Assessment submitted to the European Commission in 2018 (ICPD, 2018). The model,
which is based on the seismic hazard model adopted in the National Building Code (NTC,
2018), was developed by a large community of engineers, involving most universities and
research institutes with expertise in seismic risk (Dolce et al.,2020). Based on different sets of
fragility curves, it puts together four risk models for residential masonry building stock and two
models for residential reinforced concrete building stock. These six models were produced by
different research groups and were integrated in the final model following an ensemble
approach.

It should be noted that the Code does not intervene in an area that does not fall within its remit,
namely that of defining who and how to determine whether or not the knowledge and products
of research and innovation have reached the necessary maturity and consensus. This task is
left to the scientific community, which has the competence and the right to do so. Finally, with
a view to the efficiency and effectiveness of public administration action and the optimization
of resources, it is also suggested that qualified knowledge already developed, and therefore
funded, at European and international level be drawn on.

The Code defines the activities through which the participation of the scientific community in
the NCPS is achieved. Four types of activities are identified:

“(a) routine and operational activities [...] which include, inter alia, monitoring
and surveillance of events, development of databases and any other activity
useful for emergency management and risk forecast and prevention which
provides products of immediate use;

(b) experimental activities preparatory to the activities referred to in point a), as
well as the production of scientific contributions and the synthesis of existing
research useful to this end:;

(c) targeted research preparatory to the development of products useful for risk
management [...] and the study of the related scenarios;

d) collaboration in the preparation of technical regulations of interest”
(Legislative Decree 1/2018, art. 19).

This organisation implements a practice already in use in civil protection for more than a
decade, which aims to channel scientific activities of interest to civil protection into a path that
leads to concrete results and products. This path starts with targeted research (point ¢) and,
through a phase of experimentation, testing and procedural refinement (point b), arrives at full
operation (point a).

One example of this path is the national seismic tsunami warning system for the Italian coasts
(SiAM—Sistema di Allertamento da Maremoti), which has been operating since January 2017
(http://www.protezionecivile.gov.it/en/risk-activities/tsunami-risk/activities). The  system
consists of two Competence Centres (see subsection 2.2), namely the National Institute of



Geophysics and Volcanology and the ltalian Institute for Environmental Protection and
Research, and the Civil Protection Department. Currently, this activity is part of those
described in point a above, but it started as applied research (i.e., point c), and then underwent
a long period of test and refinement (i.e., point b), before becoming fully operational (Dolce
and Di Bucci, 2015; Selva et al., in press).

In addition, the technical-scientific contribution to the drafting of regulatory acts (point d), which
has often been provided by the scientific community within a broader framework of loyal
cooperation between public administrations, is made explicit. One example of this type of
support can be found in the definition of the so-called red and yellow zones on which the
national civil protection plans for the volcanoes of Vesuvius and Flegrean Fields are based.
The identification of these zones was based on documents drawn up by specially established

scientific working groups (http://www.protezionecivile.gov.it/media-
comunicazione/dossier/dettaglio/-/asset publisher/default/content/aggiornamento-del-piano-
nazionale-di-emergenza-per-il-vesuvio; http://www.protezionecivile.gov.it/media-

comunicazione/dossier/dettaglio/-/asset_publisher/default/content/aggiornamento-del-piano-
nazionale-di-emergenza-per-i-campi-flegrei).

In this general context, the regulatory framework represented by the Code also defines the
characteristics of the Competence Centres, which have gradually joined the civil protection
system since 2004.

Competence Centres and other kinds of collaboration

The ltalian Prime Minister's Directive of 27/02/2004 (art. 3) defined for the first time the
“Competence Centres as those entities that provide services, information, data, processing
and technical-scientific contributions in specific fields”. In 2012 (Prime Minister's Decree of
14/09/2012), the principles for their identification were better established, focusing in particular
on those bodies that have specific or exclusive technical and scientific knowledge, including
Universities and Research Centres.

In the Code currently in force, the definition of Competence Centres is proposed in a way that
is less focused on the exclusivity of the know-how of the entities and more directed towards
the type of knowledge and products they are able to provide. In particular, it is established that
‘research bodies and institutes, consortia and university structures that own and make
available knowledge and provide products resulting from research and innovation activities,
which can be integrated in civil protection activities, can be identified as Competence Centres”
(Legislative Decree 1/2018, art. 21). In this context, emphasis is placed on the possibility of
establishing 'networks of Competence Centres for the development of specific topics on
integrated themes and in a multi-risk perspective' (Legislative Decree 1/2018, art. 21).

One example of these networks is the Italian Center for Research on Risk Reduction (CI3R,;
https://www.ci3r.it/en/home-english/). It is a stable consortium established under the aegis of
the Civil Protection Department and formed by research institutes and centers, all of which
are Competence Centres. It aims to create a network of multidisciplinary competences to carry
out prevention and preparedness activities for civil protection and, more generally, towards
disaster risk reduction with a multi-risk, multi-sectoral and systemic approach.

To complete the analysis of the relationship between science and civil protection, it is worth
remembering that interactions do not only take place between civil protection decision-makers
and the Competence Centres and Major Risks Commission. The possible interactions are
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much more articulated (Fig. 1), also including contexts that may be differently formalised, or
even completely non-formalised. Ad hoc national and international commissions (e.g., Jordan
et al., 2011) can be set up to address specific civil protection issues. In addition, there are
frequent exchanges with groups of scholars engaged in research on topics of interest that
have, however, been funded in areas other than the civil protection system, such as
international and European projects (e.g., TSUMAPS - Basili et al.,, 2020; SERA -
http:/www.sera-eu.org/en/home/; BUIdERS -  https://buildersproject.eu/; EFLIP -
https://www.eflip-project.org/), ministerial research funding (e.g., Antoncecchi et al., 2020),
private foundations (e.g., Global Earthquake Model - https://www.globalquakemodel.org/).
Exchanges may also take place with individual researchers who, benefiting from ordinary
research funds, are independently engaged in studies with potential civil protection
implications. As we will see in section 2.3, in many cases the Civil Protection Department has
its own representatives in stakeholder and end-user groups or in advisory boards of research
projects funded by the European Commission, or alongside public administrations dealing with
scientific topics where the competence on risks is partly shared with the civil protection system.

Figure 1. Chart of ways in which scientific communities can contribute to DRR civil protection activities
(modified from Dolce and Di Bucci, 2015).

Relationship Science-Civil Protection National Civil
Decision Making Protection Service

Contributions of Science
to Civil Protection (CP)

| | |
i. Permanent ii. Finalised iii. Permanent
activities for research Commission
CP funded by CP s of CP

I I iv. Commissions on
I specific subjects
Competence Centres

v. Research funded
by other subjects

I
Universities

vi. Spontaneous

Research Institutes
research works

Others

Lively dialectics and dynamic relationship, with the related difficulties, are intrinsic in the
interaction between science and civil protection decision-making and have already been
widely analysed (Dolce and Di Bucci, 2014). In short, these two points of view, while looking
at shared issues, require continuous adjustments towards a common balance point, as well
as an agreement on the responsibility of each of the two parties, which implies respect for
roles.



Given the complexity of the subject, there is no doubt that, in many cases, it is difficult to keep
the contribution of scientists totally separate from that of decision-makers, both technical and
political, because the decision-making process is necessarily fuelled by interactions and
feedback between the two parties. These interactions concern, on the one hand, the needs of
the decision-makers and, on the other hand, limitations in the possibility of scientists to realise
their demands, including the correct assessment of uncertainties related to the scientific
information provided. Distortions may occur in the interpretation of individual roles, and thus
in the assumption of responsibility; this is particularly the case if scientists or decision-makers
do not or cannot perform their task, or if, for various reasons, they exceed the limits of their
role (Dolce and Di Bucci, 2015). By way of example, scientists may provide non-quantitative
assessments, or fail to provide the necessary scientific support in cost-benefit analyses, or
advise on civil protection actions for which they do not have the full information framework and
expertise. On the other hand, political decision-makers often neglect to establish or make
explicit the level of risk acceptable for the community they represent. For instance, during the
COVID-19 pandemic, what was the accepted balance between casualties and economic
losses was not publicly explained by the relevant Authorities. Sometimes political decision-
makers prefer to state the need for a zero-risk solution (which is effectively a non-decision),
while avoiding allocating an adequate budget for effective risk mitigation. Finally, technical
decision-makers may tend (or be forced, under emergency conditions) to make and implement
decisions that are not their responsibility. This may be the case, for example, if there is a lack
of quantitative scientific assessments, a lack of definition of acceptable risk, or a lack of budget
to carry out a given action.

Including hybrid experts in a public administration

One ‘tool’ that has proved to be effective for the interaction between the civil protection
decision-making level and the scientific community is the so-called ‘hybrid expert’. Hybrid
experts are civil servants who have a solid expertise in both research and public administration
and are able to understand and use the language of the two fields. Their expertise is
recognised by both the scientific and the decision-making communities, and they are therefore
called upon to play an interface role, being able to link the demands, expectations and (often
short) timescales of decision-makers and the data, information, uncertainties and (longer)
timescales of scientists. Therefore, their activity can significantly contribute to increasing the
overall knowledge of scientists and decision makers towards a better DRR strategy.

In Italian civil protection, there is a long tradition of hybrid experts who facilitate the interaction
between decision-makers (political and technical) and national and international scientific
institutions (Competence Centres, Major Risks Commission, etc., and EU Joint Research
Centre, participants in European projects, etc., respectively) for the definition of civil protection
policies and decisions.

An overview of the roles played by various hybrid experts in the Italian Civil Protection over
the last three decades is summarised in Table 2. Over the years, these roles have included
top positions in the civil protection system, participation in scientific groups and projects,
definition and management of scientific activities financed by the Civil Protection Department
and carried out by its Competence Centres. Among the hybrid experts, there are qualified
scientists whose research activities have been carried out in close contact with civil protection
and who, at some point, have taken on a managerial role in a civil protection organisation.
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Table 2. Presence and role of hybrid experts in the Italian Civil Protection Department over the last three
decades.

Hybrid experts in
the Italian Civil

Protection
Department

Governmental level Full Professor (with scientific expertise) serving as Minister or Undersecretary for the
Coordination of Civil Protection

Full Professor (with scientific expertise) serving as Head of the Civil Protection
Department

Full Professor (with scientific expertise) serving as Deputy Head of the Civil
Protection Department

Full Professor (with scientific expertise) serving as Director General of the Civil
Protection Department

Research Manager (with scientific expertise) serving as Director General of the Civil
Protection Department

Civil Protection Department Civil Servant (with scientific expertise) representing the
Department in the relationships with Competence Centres

Major Risks High level Decision-Maker (with Public Administration expertise) serving as Deputy
Commission Head of the Major Risks Commission

Technical scientific High level Decision-Maker (with technical and public administration expertise) serving
committees as Coordinator of Technical Scientific Committee

At international Civil Protection Department Directors and Civil Servants (with scientific expertise)
level representing the Department in the relationships with EU (working groups, etc.)

Civil Protection Department Directors and Civil Servants (with scientific expertise)
representing the Department in the relationships with International bodies, such as
UN, WMO, etc. (working groups, etc.)

Civil Protection Department Directors and Civil Servants (with scientific expertise)
representing the Department in EU research projects (Horizon 2020, etc.)

Civil Protection Department Directors and Civil Servants (with scientific expertise)
managing research units in EU projects

As always, there are pros and cons, for an administration, in having its own hybrid experts.
On the one hand, this allows a primary result to be achieved, i.e., an effective orientation of
the activities of research institutions’ towards topics of interest for civil protection and the full
exploitation of the latest and most consolidated scientific advances. On the other hand, this
might imply a certain amount of interference in scientific matters by a non-scientific public
administration, albeit without undermining the independence of scientific advice. This latter
aspect might induce a public administration to give up the interface action carried out by hybrid
experts in order to keep scientific advice and decision-making separate and, consequently,
also to achieve a clear separation of responsibilities. One solution sometimes adopted in these
cases is to delegate the interface role to specially established scientific committees.
Unfortunately, the scientists who form these committees do not usually have civil protection
or public administration skills. Moreover, in this way, the public administration with civil
protection tasks completely loses its role of guidance and coordination (which in ltaly is
assigned to it by law), all the more so in the case of activities that are within its competence
and interest, and which it finances.
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Challenges posed by disaster risks and DRR in the coming
years

One can take 2030 as a target date, in line with the Sendai Framework and the Sustainable
Development Goals (SFDRR, 2015; A/RES/70/1, 2015). From a civil protection point of view,
there are many challenges related to DRR in this timeframe, and they need to be addressed
in the global perspective of climate change, green deal and urbanisation.

While it is quite undisputed that scientific community and civil protection decision-makers will
move from single risk to multi-hazard risk assessments and evolutionary scenarios, it is less
clear how this approach can scale from local to global while providing at all scales results that
are useful, usable and used (Aitsi-Selmi et al., 2016).

As an example, the integration of social vulnerability and social exposure in the classical risk
analysis can be considered, where vulnerability is generally referred to the physical
vulnerability of buildings and infrastructures, while population exposure is limited to census
information on people living in the analysed area. How to measure social vulnerability, how to
include it in quantitative risk models, how to assess related uncertainties? Some good
examples of possible indicators, for instance related to earthquakes, are already available
(e.g., see the Global Earthquake Model: https://storage.globalguakemodel.org/what/physical-
integrated-risk/socio-economic-vulnerability/), but widespread implementation of quantitative
assessments of social vulnerability in models of other risks is still limited.

The characterisation of social vulnerability is also relevant to support emergency
management, especially in the definition of civil protection plans. Knowing the presence and
distribution of vulnerable individuals and groups allows civil protection authorities and the
groups themselves to be prepared in advance and, in the event of a disaster, to strongly
mitigate its consequences.

In turn, social vulnerability is deeply intertwined with the problem of how to communicate
information on civil protection risks to vulnerable groups, both in ordinary time and during
emergencies, i.e., with the question of how to make the best use of the innovative technologies
that are already in place and will be increasingly powerful and available in the coming years.

Scientific data and papers, civil protection documents, emergency plans and risk models in a
GIS environment, as well as real-time information via short messages, all this will be at
everyone's fingertips via our smartphones and tablets. But will scientists and civil protection
decision-makers be able to communicate properly with the lay people? And will the lay people
understand correctly what the scientists and authorities mean and want to say?

About this, a field of research that is gaining ground in the world of civil protection is that of
behavioural science, which have been progressively developed by scholars (Allais, Edwards,
Fischhoff, Kahneman, Slovic and Tversky, among many others) on the borderline between
economics, psychology and sociology. Their aim has been to investigate and explain certain
observed ‘anomalies’ concerning human choices, in other words the decision-making process,
compared to the behavior expected according to the classical economic models. These
models assume a rational theoretical agent (Kahneman 2011), later called “homo
economicus” (Thaler and Sunstein 2008, and references therein), whose behaviour is,
however, very different from that observed in humans. The latter is, in fact, affected by
heuristic principles that transform the complexity that characterises the estimation of
probabilities and the prediction of numerical values into an easier evaluation of judgement.
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Usually these heuristics work well, but there are some cases in which they can lead to serious
and systematic errors, called biases (e.g., Tversky and Kahneman, 1974). These
predominantly inconscious mechanisms affect the decision process, and knowing them is
important in civil protection decision-making, both in ordinary and in emergency conditions (Di
Bucci and Savadori, 2018).

Scientists with this expertise are already making a valuable scientific contribution to risk
communication for civil protection purposes, and are expected to do so even more in the
coming years. For example, over several years, some officials in the Italian Civil Protection
Department, with expertise in subjects such as communication sciences but also with more
technical profiles (architects, engineers, geologists), have specialised in this discipline.

This mix of expertise has gradually brought the culture of behavioural sciences into civil
protection practice in relation to the whole risk cycle management. It also enabled a better
understanding of the critical issues between civil protection, science and society, such as what
happened in the so-called L’Aquila Trial (Di Bucci et al., 2019 and references therein).

Collaborations and activities that have benefited from behavioural sciences have developed
under the umbrella of a memorandum of understanding between the Presidency of the Council
of Ministers (of which the Civil Protection Department is part) and the National School of
Administration. In this framework, experimental analyses are being carried out, e.g. for the
correct communication of hazard and risk models through websites managed by Competence
Centres (concerning, for example, seismic hazard and risk, respectively: new CPS-INGV
website about to open; SICURO+ website https://www.sicuropiu.it/index.xhtml, Dolce et al.
2019).

From a broader perspective, the contribution of science and the interaction with civil protection
are also foreseen in the European regulation. Art. 13 of the DECISION 1313/2013/EU provided
that “The Commission shall, within the Union Mechanism [...], set up and manage a training
network open to training centres for civil protection and emergency management personnel
as well as other relevant actors and institutions on prevention of, preparedness for and
response to disasters. [...].

The training network shall aim to: [...], create synergies among its members through exchange
of experience and best practices, relevant research, lessons learnt, courses and workshops,
exercises and pilot projects”. Few years later, DECISION (EU) 420/2019 amended art. 13
above by introducing the Union Civil Protection Knowledge Network, which is “a network of
relevant civil protection and disaster management actors and institutions, including centres of
excellence, universities and researchers [...], together with the Commission”.

The European Commission with its Directorates is making huge efforts to build this Knowledge
Network, involving all the different stakeholders. The challenge, from the point of view of this
paper, is how the Member States of Europe can face the challenge of contributing to this
community by balancing their needs with those of a common civil protection house. And this
is even more challenging if one considers European civil protection as being involved not only
in supranational emergencies, but also and above all in all phases of the risk cycle, in particular
prevention and preparedness.

What is Italian civil protection doing about this? Two new initiatives deserve to be mentioned.
The first is an attempt to establish a mixed community of scientists and risk management
experts and to make a European ‘Doctrine on disaster risk and crisis management’, also
leveraging on the cooperation occurring within the above said mixed community. This activity
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is taking place within the framework of a European project called “ROADMAP” (EuRopean
ObservAtory on Disaster risk and crisis MAnagement best Practices;
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-
details/999999999/project/101017776/program/31082527/details), funded by DG-ECHO. The
term doctrine is understood as ‘a shared understanding of disaster management among
decision-makers and scientific actors’.

The second initiative is now taking its first steps, and concerns the desire to build a high-profile
academic course in ltaly to train professionals with skills in disaster risk reduction and
management and civil protection. To achieve this goal, the Italian Civil Protection Department
is working with the Conference of Italian University Rectors on how to introduce and enhance
civil protection disciplines and degree courses into Italian university curricula.

Discussion

In light of the challenges that the future holds for DRR, one may wonder whether the approach
described above will still be valid and applicable in Italy (4.1) and, in general terms of ideas
and input, in other Countries as well (4.2), for a more fertile relationship between science and
decision making in DRR.

Applicability of the current model in Italy in the coming years

The way in which the joint activity of scientists and decision-makers in the Italian civil
protection has been built shows strengths and weaknesses. The major strength, in the authors’
opinion, is the full and daily involvement of the scientific community in every phase of disaster
risk management, side by side with civil protection decision-makers, helped by the hinge role
played by hybrid experts. This allows civil protection decision-makers to make decisions based
on the best available science over the entire risk cycle and, when necessary, quickly. In short,
the system works.

There are however also some weaknesses, which need to be managed. Two, in particular,
are worth commenting on.

The first one is related to the increasing complexity of risk management and its multi-hazard
risk dimension, including Na-Tech and cascading effects. This complexity needs specific skills
developed in advance, before an emergency occurs. From the scientists point of view,
specialists in different hazards and risks, disciplines and sectors, have to share and adapt
their deep knowledge in their own scientific field and collaborate for a common goal that goes
beyond their usual interest. They are, however, more used to and feel more comfortable
working within their own scientific silos, where their research or academic careers have
developed or are progressing. In order to obtain this multi-hazard risk knowledge and have it
available for civil protection purposes in a transdisciplinary approach, a solution envisaged in
Italy is based on on the establishment of a consortium of several Competence Centres (CI3R,
described in the previous section) with different expertise and knowledge of the risks, and on
a close and continuous collaboration between the consortium and the Civil Protection
Department. This collaboration is in its infancy, but is also benefiting from partnerships within
the framework of European projects focusing on civil protection, such as the aforementioned
ROADMAP Project.

The second weakness stems from the very nature of civil protection coordination in ltaly, which
is in the hands of the Prime Minister, who performs it through the Civil Protection Department.
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Therefore, as far as the scientific aspects are concerned, coordination has often developed
according to a top-down approach. As seen in the Introduction, according to the most recent
vision on the topic (e.g., SFDRR, 2015), this approach could be improved with a greater use
of the bottom-up approach, including local knowledge in DRR (e.g., Mercer et al., 2009; UN-
DRR, 2009; Hiwasaki et al., 2014), and making decisions shared with -and therefore accepted
by- the population. European and Italian laws, which are based on the principle of subsidiary,
support this development. However, its practical implementation is not an easy task. Scientific
institutions are contributing to this structural change by supporting the Civil Protection
Department in specific initiatives. For instance, some examples of participated civil protection
planning on a municipality scale are already available (https://www.lifefranca.eu/wp-
content/uploads/2019/10/15_Participatory-process-for-Civil-Protection-planning.pdf). In
addition, during emergencies, scientists from Competence Centres are regularly on site in the
crisis area to explain what happened and is happening and to provide scientific information
that forms the basis for emergency decisions made by local and national authorities (e.g.,
Camassi et al., 2014; http://www.protezionecivile.gov.it/-/attivita-di-informazione-alla-
popolazione; https://ingvterremoti.com/2014/01/20/terremoto-parliamone-insieme-attivita-di-
informazione-alla-popolazione-dellumbria/).

Finally, in this bottom-up approach a fundamental role is played, and will be much more so in
the future, by voluntary organizations, which are an important reality in the Italian civil
protection scene. Volunteers can effectively participate in the activities carried out by scientists
and decision-makers, being able to establish an effective two-way interaction with citizens. On
the one hand, they can support the development of risk awareness and civil protection culture
through direct contact with the population. An example of this activity is represented, in Italy,
by the communication campaign “ don'’t take risks”
(http://iononrischio.protezionecivile.it/en/dont-take-risks/). Through a storytelling-oriented
mode, civil protection volunteers, suitably trained in a virtuous cascading process, have the
task of meeting citizens, informing them about the risks to which they are potentially exposed
and sensitising them to a self-protection approach. Moreover, the campaign contents are
conceived and elaborated with the help of the scientific community, involving the Competence
Centers. On the other hand, volunteers can also foster a bottom-up approach in the scientific
field by supporting local data collection. An example of this so-called citizen science concerns
the involvement of civil protection volunteers for rapid assessment of earthquake impacts
(e.g., Sandron et al., 2021).
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Applicability of the Italian model in other Countries

Every Country has its own uniqueness in the field of civil protection, made up of specific
institutional organization and regulatory framework, socio-cultural environment, and types of
risk to be managed. For instance, as can be seen from Table 1, in Italy civil protection does
not deal with cyber-risk or terrorism. In addition, there are some risks that are ordinarily
managed by institutions other than civil protection (for example, the health risk, which is dealt
with by the Ministry of Health), but on which the civil protection system can intervene in the
event of an emergency of national importance, such as the COVID-19 pandemic. Finally, in
Italy it is the Prime Minister who is in charge of the civil protection function, and coordinates
the whole system (the NCPS) through the Civil Protection Department and with regard to the
whole risk management cycle.

In other Countries civil protection is often organized differently, risks and priorities of interest
may vary and, in some cases, the emergency is under the responsibility of a different
administration from the one in charge of prevention.

Being aware of this, in the authors’ opinion, there is no civil protection model that is valid for
all Countries. However, some ideas and solutions adopted in Italy could represent a good
input for other Countries to make their relationship between science and decision-making in
DRR more effective and fruitful. Moreover, some of the solutions described, suitably adapted,
could also provide food for thought for European and international bodies working on DRR.

First of all, it can be considered good practice that scientific participation and the contribution
of the scientific community to the civil protection system and activities are regulated by law.
This makes roles and responsibilities clear, and defines the scope and manner of
collaboration.

Secondly, another solution that can be considered effective is for the scientific community to
be formally part of the civil protection system. In the case of Italy, this inclusion is achieved
mainly through collaboration with the Civil Protection Department, which fosters daily
interaction with the scientific community on issues related to the entire risk cycle. Moreover,
also some Regions have developed fruitful collaborations with universities and research
institutes.The relationship has evolved over time thanks to an ever close connection and
cooperation, which eventually leads to a co-production of knowledge. On the one hand, this
allows the scientific community to better understand the needs and demands of civil protection.
On the other, the civil protection world can better understand what answers the scientific
community can actually provide to the complex demand for interpretation, modelling and
simulation of reality and forecasting of events (Di Bucci and Dolce, 2019).

Thirdly, the cross-fertilization between STEM (Science, Technology, Engineering and
Mathematics) disciplines and social sciences, in particular behavioural sciences, can be an
important step forward for civil protection systems.

Finally, good practice can be recognized in the presence of hybrid experts in the civil protection
system and the role they play in the interface between the scientific community and decision-
makers for the purposes of DRR.

In this collaboration between scientists and civil protection decision makers, however, there
may be some pitfalls that deserve to be pointed out.

A first pitfall could lie in the way scientists are selected. Having few individual scientific
advisors, even if they are renowned and have high-profile expertise, could provide the civil
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protection system with specific points of view that are perhaps different from those that other
high-profile scientists could provide. How, then, should scientific advisors be selected? The
adopted solution is two-folded. One option is day-to-day collaboration with research institutes,
i.e., the aforementioned Competence Centres, rather than with individual researchers. The
other option is the establishment of permanent or ad hoc scientific commissions and working
groups, as seen in the previous sections. In practice, the choice has been made to use a
plurality of experts working together and thus providing a concise and shared view of the
problem at hand from the outset.

A second pitfall could be the level of scientific acceptance of the research products on which
civil protection relies to make decisions. How should these products be selected? As seen in
section 2.1, in Italy the solution is provided by the Civil Protection Code, which indicates the
quality required for scientific results and products to be usable by civil protection. Proper
compliance with the law, however, is quite difficult if one is not sufficiently familiar with the
scientific world, which is why hybrid experts can be effective for this purpose. In this
perspective, the background of these experts is relevant. They could be either civil protection
officers with a scientific profile, or researchers working in scientific institutions (universities or
research institutes) temporarily employed in civil protection bodies. In the latter case, it is
important that these hybrid experts coming from the scientific world are able to fully identify
themselves with the role of the civil servant, in order to adopt an objective attitude towards the
scientific knowledge and products on the basis of which decisions have to be made.
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Conclusion

The complexity of nature and of natural phenomena that can produce catastrophic
consequences, together with the growing complexity of the anthropized world and of human
behaviour, make civil protection actions and the decision-making processes underlying them
increasingly difficult. For this reason, for about forty years the world of civil protection in Italy
has been trying to operate using the best science for its decisions and actions, thanks to a
close collaboration with the world of research. This collaboration is also very effective in
building mutual trust between the scientific and decision-making communities, an
achievement that is important to emphasise.

It is clear that, faced with the need to carry out prevention and preparedness actions, as well
as to manage emergencies and their overcoming, the request of the civil protection world is to
have answers from the scientific world that are as certain as possible about what could
happen, in order to make the best possible decisions. Unfortunately, all the necessary
information is characterised by a great deal of uncertainty, which is increased by imperfect
knowledge of the real world and awareness of all those aspects that may affect adequate
modelling for forecasting purposes. For this reason, civil protection decisions and actions must
necessarily take into account the ineradicable uncertainties that are part of the models and
their results.

On the one hand, the scientific world is working to reduce the uncertainties of scientific
evaluation, which is a difficult task to achieve. On the other hand, the inevitable uncertainty of
scientific evaluations must be included in a decision-making process whose outcome does not
admit of 'probabilistic nuances’, because it must tead to a choice between two, or at most a
few, completely different alternatives.

In this process, it is essential that scientific community and civil protection decision-makers
together can refer to general principles of a purely political nature, such as the definition of
acceptable risk, which can be translated into specific operational criteria for each situation
under consideration.

These criteria, together with civil protection procedures, must be shared with the political level
and the whole community in a participatory process that also takes account of uncertainties,
recognising that they must combine choices that should be predefined in peacetime. At the
same time, they must be flexible enough to adapt to unforeseen developments of events
during crisis management. Unfortunately, this is difficult to achieve and often impossible, due
to the variety of sometimes unpredictable or even unimaginable situations that may arise. It is
in these cases, which are unfortunately more frequent than one might think, that the necessary
close cooperation between science and civil protection can prove most difficult, and it is
precisely these cases in which, however, such collaboration is essential.
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