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Abstract. Major hazard prevention is a main challenge gitlean it's particularly based on information
communicated to the general public. In France, gméve information is provided by the way of a riegory
document named DICRIM (In French “Document d’Infation Communal sur les Risques Majeurs” that
means in English “Municipal Information Document Blajor Risks”). It is made by mayors and addressed
the public in order to provide information on maf@zards affecting their municipalities. Unfortwelgf the law
imposes only few specifications concerning its eahttherefore one can question the impact on timergé
population relative to the way it is concretelylized. Ergo, the purpose of our work is to propaseanalytical
methodology to evaluate preventive risk communicateffectiveness and apply it to the DICRIM. The
methodology is based on dependability approachdsA EExternal Functional Analysis) permits the
identification of (i) the service and technical étions involved, and (ii) the form, content and uledory
constraints of a DICRIM. FMEA (Failure Modes anddets Analysis) is used to define the dysfunctians
detection elements are then listed to evaluateoconify with the 3 types of constraint. The outpats validated
by experts from the different fields investigat&those results are obtained in order to build imreitworks a
decision support model for the municipality (or cjpéized consulting firms) in charge of drawing up
documents. The method is applied to a databas® &fIGRIMs. This analysis leads to a discussion oimtg

such as usefulness of the elements missing.

1 Introduction

Every year, major natural phenomena cause humannzatdrial disasters. Recently, in August 2016, an
earthquake of magnitude 6.2 occurred in centrdy tausing 250 death#i(ffingtonpost 2016). Two months
before, in the same year, the River Seine in ranse to a height of 6.10 meters and overflowadsiog 4
deaths, 24 injuries and a great amount of mateldahage throughout the different departments itetisas
(BBCNews 2016). Preventive policies have been impleted to manage the consequences of these désaster
such as the Hyogo or Sendai frameworks for actr@hdisaster risk reductiotdNISDR 2015). Transmission of
preventive information is equally important and lhe®n the topic of current discussions highlighigdecent
scientific researches (Newell and al. 2015) andrirgtional institutions as the United Natioi8N{SDR 2015;
United Nations 2006).

In France, numerous prevention systems and orgamsaexist to manage both natural and technolbgica
hazards. Risk prevention requires the involvemémany stakeholders ranging from public authorjtegerts

and infrastructure managers to individuals and camities. In France, the legislation that relateBcpes and
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prevention of natural hazards is imposed throughesiislative texts. The first one, written in 1982fers to
compensating victims of natural disasters. Fiveryater in 1987, the need for emergency managernsent
addressed and the right of access to preventivicptformation is recognized. In 1995, the creatif Risk
Prevention Plans is required by law, which resintsegulating urbanisation while taking into accoumajor
5 hazards. In the following years, additional ledisla continues to improve the management of magzahds
(including technologic hazards). In 2004, the updatd modernization of the 1987 law takes placeaily, it
insists on necessarily diffusing preventive infotima to the General Public (Observatoire Régiondds
Risques Majeurs en Provence-Alpes-Cote d’Azur 20Ar)example is demonstrated in Figure 1 which show
the regulatory mechanisms linked to urbanism aredi der diffusing preventive information and its baoge
10 between different stakeholders. The thicker arrowdécate where the adopted requirements for inangagsk
communication and risk awareness are applied. Tiffereht forms of communication (public meetings,
information kits, posters, etc.) are used not awlyprovide safety recommendations but also as meéns
increasing individual knowledge of risk.
This is highly significant as human behavior durgjor disasters is influenced by their own knowkedf risk
15 (Enrico L. Quarantelli 2008). However, it equallgpmends on their cognitive bias (overconfidencd cizntrol
delusion, denial, irrationality, etc.) (Kahnemar drversky 1979) on the particular situation thegefand more
precisely on how they perceive that situation (Mattmbroski 2006). Moreover, communication on rigic
become a form of indirect experience of risk angsth way of strengthening its acceptance and siinglthe
involvement of exposed populations (Festinger 198dhformation is transmitted effectively peopdee more
20 prompted to adopt pertinent behaviour during thenéas they have better knowledge of the associatesiand
the safety recommendations for better risk preean(Siegrist and Cvetkovich 2000). Results fronesearch
study showed that information seeking by citizezmsnss to coincide with the intention to take preienactions
(Kievik and Gutteling 2011). Provide regulatorydnhation to citizens can also lead to further infation
seeking (Hagemeier-Klose and Wagner 2009). Consglgube public needs to be periodically informedzbat
25 the hazards and the levels of risk they are exptmsadd how their situation is changing (Unitedibias 2006).
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Figure 1% French regulatory prevention information throughout the town: Territorial Coherence Schemes (TCS);
Knowledge Support (KS); Flood Risk Prevention Plan(FRPP); Development and Planning Guidelines (DPG)Jrban
Local Plan (ULP); Departmental Document on Major Risks (DDMR); Municipal Information Document on Major

5 Risks (DICRIM); Public notices; Purchaser Tenant Information (PTI); Familial Plan for Safety Layout (FPSL);
Public meetings

Although significant progress has been made (redecttees, investment by towns, more resource$, e¢ctain
features regarding risk information remain disapping such as the uneven implementation and ladoofrol
10 over these resources (IRMa and al. 2015), diffebetiavior al instructions from one document to heotven
in reference to the same phenomenon (MAAF 201&prplete information about the hazards to which the
population is exposed to and so on. It is also défficult to establish if the system achievesptgpose in terms
of being appropriated by the local population (raKture) and especially if it achieves transforiomat(is
behaviour changing?) (AFCPN 2013). Does it empogitizens with respect to knowledge on the riskg tha
15 concern them? (Cutter 1993; Lindell and Perry 2004) give such answers it is important to analyse t
performance and effectiveness of such preventivenwenication tools while making sure that they retiwir

goal while conforming to the law.

! Prefect is a government representative of an@reapartment (France territorial division). Itfhsis
responsible for public order, ensures the appbicatif laws and regulations and verifies that tr@l@uthorities
(Town Hall or EPCI which is a grouping of town I®ltespect them as well.
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In this work, we focus on preventive risk commutima in regulatory documents (informal communicatlay
social networks and by word of mouth is not consdg and more specifically on the DICRIM. Indeelk t
councils of municipalities subjected to risks atdiged to provide preventive information to resitein the
form of a DICRIM. Preventive information is alsoopided through other means but we chose to focus on
DICRIM because it is the main regulatory tool ofmgaulsory form dedicated to the general public that
summarizes all risks and their prevention. A breehdilm or advertisement may be just one part ddrger
campaign to promote hazard readiness, and thess itan and should be tested separately for effieacy
effectiveness prior to broad deployment (Sanqgdihgpaliya, and Wood 2016).

In general, inequality in terms of updating the cfieations, transmitting the information and cafiing the
execution of preventive information tools is obsshand this concerns also the DICRIM. For example,
PACA region, in December 2016 only half of commigstconcerned have realized their DICRIM (ORRM
2016). Furthermore, the French government givescatidns only on the general content of the documen
without details and without providing any standaM&rks and writing guides have been proposed teldp
DICRIMs (Clément and al. 2012) but the justificasoof these recommendations are not clearly arg ful
presented which leads to disparate documentsrimstef content and form. The effectiveness of sorrf@~DM
with the large number of pages with the citizenal& questionable, as is that of other DICRIMstaiming a
reduced number of pages, which can lead to oveliicagion and significant loss of information. Rilty, there

is no link between quantity and compliance of DIBRDouvinet, 2013); having a DICRIM does not mehatt
municipalities provide good preventive informatiomder the law (Rode, 2009).

Effectiveness of some contents in DICRIM is als@sjionable. For instance, the law required thatRINC
own maps regarding each hazard threatening the gbxen. Those maps are used to show to the popalétie
hazard level geographically distributed on theitieny of the municipality. But those maps are oftmilar to
those elaborated in PPR, which is mainly used Ipegg, and they are not thinking to communicatthéGreat
Public. Flood maps are frequently seen as an irdtom tool rather than a communication tool (Megad al.
2012).That is why some maps are really difficulb®understand by people which is regrettable s=cemaps
often firstly draws people attention before texin® works proposes an evaluation of flood mapsefeness
notably based on interviews or eye-tracking and glse recommendations that should be used forrlamaps
contained in DICRIM (Meyer and al. 2012; Fuchs ahd009).

These elements must be considered carefully bedadisédual cognitive perception is reinforced oeakened

by the form and contend of the provided informatieeument:; its communication is intended to betutland

to result in the expected impact (Terpstra, Lindelhd Gutteling 2009). Consequently, assessing the
effectiveness (form and content) of such legistatiexts and the information they contain is andpdnsable
challenge, especially since this issue has recebeed little attention and only a few works on &ve been
published to date (Gominet 2007; Kellens, Terpstna De Maeyer 2013).

For the purpose of rising to this challenge, thiscke has the objective of proposing an approagpable of
analysing the DICRIM document, in terms of its effeeness. The article is structured according he t
following plan: it first examines selected methdadisanalyzing the effectiveness of communicatiosigpit then
presents the methodology proposed after which #salts of its application are shown, followed by an

application of part of these results to a DICRIMadese. The article ends with the conclusion amnspeetives.
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2 Analysis of candidate methodologies

This issue requires the development and improvemgtdols and methods for evaluating effectiven&sch
methods currently exist in different fields of sjuddvertising, geography, engineering, etc. Theygenerally
divided into three categories, according to whetfigthey involve formal population samples; (iijey do not
involve formal population samples but rely on pa@pigin perception assessment; (iii) they are based o
systemic, analytical methods that do not invohes gbpulation.

Regarding communication and marketing, advertisingone of the major tools used by companies to
disseminate "persuasive” information on their me&ské inform, persuade and remind (McArthur andfi@r
1997). Methods have been developed to assessfédutivedness of advertising (pre- and post- advegisests).
These different methodological approaches basedjuestionnaires are of great interest. Current studi
performed to evaluate the effectiveness of preventsk communication (including DICRIM) for the lplic are
classically conducted using the same methodologicals: surveys (either pre- or post-diffusion diet
document) by questionnaires. (Gominet 2010) anca@iand Luneau 2008), for example, obtained ttesinlts
through prior surveys of mountain communities sabfe natural hazards. In the same vein, the Fréfioister

of Agriculture conducted a series of interviewshaiarious stakeholders on subjects including tiskneasure
the effectiveness of DICRIMs or to at least obtthair views on these documents (MAAF 201Boreover,
communicating on risk can be considered as pentgito "advertising” on how to protect oneself. Aated
above, the challenge is to make the public awamskf get them to accept it and protect themsebyetaking
appropriate actions (Renn 2014). The DICRIM mustéfore have a persuasive effect on the populatidhe
same way as advertising seeks to convince a conmsifrtige questionnaires are well constructed dmdresults
interpreted with rigor, these methods allow predgthe impact communication should have with rdgarthe
pre-test and make it possible to modify the conpeiar to publication if necessary. In the post-tgisase, they
also allow obtaining feedback on communicationwdrat worked or not, and on any dysfunctions in oitde
consider possible corrections and a new commupitatampaign. However, these methods also have
limitations. Indeed, they require building a reemestive sample of the population that may reqaibeidget and
human and material resources which can be substaktoreover, these methods are focused on opiraods

do not take into account factors that omit inditiu feelings.

Some methods do not require the use of a represensample of the population but need indireatinéntion:

- advertising efficiency standards for establishpegformance comparisons, without it being necgstaiuse
population samples;

- "connected" methods to evaluate the effectivepéssivertising such as the association of flyees) sites and
/ or mobile applications (QR code, website audienggge recognition, etc.). For instance, a flyan de
effective if it has a QR code. It is then possitdequantify the number of “flashes” generated bypple with

their smartphones to visit the associated websltes.higher the number of visits, the more effective flyer is
deemed to be.

- ROI detection elements (return on investmentigKctates, visits, cookies, etc.) related to dig#dvertising
and tracking capabilities. They allow, for exampiegking post-tests a certain time after the brostdoé a

message to identify individuals previously expoted.
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These evaluation methods appear relevant to ower stagy mainly because they do not require thevietgion
of inhabitants to assess the effectiveness of &RIMC However, there is an indirect need for somepe to be
involved by clicking or using QR code... If it cgive an idea of the effectiveness about the reitie DICRIM
it does not provide information about the impactitefreading. Is the information really received®hdugh
relevant regarding some aspects, these methodsecaxpensive.

Finally, the use of systemic, analytical methodsellaon structural, functional and dysfunctionallgsia of the
system under study seems relevant for the analyhisir results could be used in the next works uddban
evaluation model of effectiveness based on aggedgrmalized indicators. Constructing an effectimedel
will, of course, require involving the public buti$ won't be necessary when municipalities foranse arrive
to use the model. In such a sense, it could badiahgain for them. Effectiveness is the levehohievement of
planned activities and achievement of expectedteeglissociation Francaise de Normalisation 2005)efers
to the concepts of function and dysfunction. Thoalgtical methods, such as dependability analysedun
engineering, seem relevant. DICRIMs are subjectdmplex processes involving interdisciplinary cgotse
(information processing, cognition, communicatiets.). The lack of a formal, detailed frameworkrifoand
content), and lack of familiarity by the public neatheir effectiveness difficult to assess withostyatemic and
rational approach. Dependability methods allowitientification of risks and analysis of behavioddailures.
These methods are qualitative (Preliminary Analg$isHazards, FMEA, Summarized Breakdowns
Combinations Method) and quantitative (Fault Treetivdd, Event Tree Method, etc.), based on the nari&in
of state graphs (Space States Method, stochagticriees), and on simulation (Monte-Carlo simula)ioThey
were developed for complex industrial systems gmglied in different domains (Peyras, Royet, andsBier
2006; Zouakia, Bouami, and Tkiouat 1999; Bambarh&n2015). These methods are interesting asehejle
identifying the elements involved in the effectiesa of the system under study, determining theesaaad
effects of dysfunctions and listing detection elataeable to pinpoint the occurrence of dysfunctidgdsr work
takes this direction and aims it at applying a fiorc and dysfunction analysis method to a DICRIMeT
problem to overcome is that the methods chosen beuatlapted to our context, which is not one ofreeging,
but one of decision-making. The first successfipligation of dependability methods in such a conteas
carried out in a field that interests us: the d@gis of contingency plan failures (Girard and @12, Piatyszek
and Karagiannis 2012; Bambara and al. 2015). larotfords, the systemic analysis of the DICRIM ceovjgle

the means of performing a qualitative analysisffe#fativeness.

3 Material and Methods
3.1 The system studied: the DICRIM

The system studied is the DICRIM. It has been ohdmxause, in the French government’s overallesjyator
risk prevention, it is the main reference documienterms of informing the public about the natueadd
technological risks affecting the municipal temjto It is prepared by the mayor on the basis ef IEDMR
provided by the Prefect (it lists all essentiabimfiation on major natural and technological risktha level of
their department) (Figure 1). The municipalitieguieed to produce a DICRIM are those in which thenme Risk
Prevention Plans and / or those designated by qiteé# decree because of their exposure to a platienajor
risk.
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The main headings and information to be includedhimm DICRIM are listed in the National Model foreth
application of the Environment Code (Articles L 122 and R 125 - 9 to R 125 - 27) issued by the MTE
(French Ministry of Ecological Transition and Salig)(MEDDE 2013). Our analysis will be based oritiis a
framework with general information that must bedubeth by mayor and prefect to create respecti¢GRIM

and DDRM. To do so they have to use this frameveortt to add specific information, for instance imfiation
regarding the municipal territory for mayor. Follogy the recommendations described in (31), the DMCR
composed of: a word from the mayor, a DICRIM préagon, several information for each hazard affegthe
town (risk presentation, prevention and protectiotions, safety instructions, mapping), informattout other
preventive information devices (communal posterodl marks...), emergency phone numbers and equipments
to always have at home to be ready (cf. Table B§s€ are viewed as components in the systemicsasalihe
major risks that must be dealt with in the DICRI&t¢ording to their occurrence in the given towm) lated in

the National Model and are as follows: floods, lequakes, ground movements, forest fires, avalanches
storms/cyclones, volcanic eruptions, dam failunesclear accidents, industrial accidents and miniisgs.
There is no legal obligation regarding the docurseiormat. The DICRIM can be consulted by the peilali the
town hall as a paper document. In some towns a@lse distributed directly in the mailboxes of intiabht or

posted on the municipal website in digitized formmwre rarely, in interactive mode.

3.2 Global approach

The method proposed is an analysis of the systamctinsiders its functioning and dysfunctioning. (Eijure

2). It consists of a functional analysis that fullgscribes the functions and relationships in trstesn and the
constraints it fulfills. A structural analysis alls determining two levels: the DICRIM (system ifseind the
components listed above. Functional analysis rfopeed at these two levels: external concernirgydlobal
system and internal carried out component scalecttans are systematically characterized, claskified
evaluated (AFNOR 2014). For the functional analysés chose to use the APTE method that can be applie
successfully to our case study as a quick teghr@sosed in (Ghariani, Curt, and Tacnet 2014)s lirie of the
dependability methods used most and generally gesvithe basis for a subsequent Failure Mode Effects
Analysis (FMEA) which is the last part of the apach.

FMEA is an inductive method of analyzing potentalures in a system. It systematically considexrshesystem
component and its failure modes one after anoffestures are identified by non-compliance with dosists.
Detection elements are also listed, allowing thenfdication of this non-compliance. The resulfsFMEA

analyses are presented in tabular form, speckictkigned for the type of system studied. Theetablumns

are: “components”,

n oo "o now

technical function”, “failureade”, “possible cause of failure”, “detection elemtieand
“possible effects of the failure”. The detectioeraknts were formulated by making use of the liteeatFor

example, the field of advertising was investigétadthe part concerning the DICRIM’s form.

A database was built and analyzed to enrich the AiSults. The latter were also validated by expéNhen
performing an FMEA in an industrial situation, daslly specialists in different areas are involvied
completing and validating the results obtained.eBalvdomains are necessary to evaluate the eféewss of

preventive from risk and communication: that justfthe choice we made for experts in our work.e€hr
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experience in the field.
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Figure 2 : Detailed steps of Functional Analysis ahFMEA

The main outputs of the approach are functionsh(tieal and service), constraints and the main typles
constraints, failure effects and detection elemeritey are shown in bold in Figure 2.

All those steps are executed in order to analyeepitformance of the DICRIM which is consideredt péiits
effectiveness. Simultaneously, another evaluatooonduced. During the study of the system needezrtry
the methodology presented before, an analysis giilatory requirements was carried out. Indeed, asw
mentioned earlier that government provides somemgnstructions regarding the content of DICRIMthe
form of a national model. We can think that thisdmbhas been strongly discussed in order to make th
DICRIM as effective as possible. That is why in@rdo analyze its effectiveness we must also apallie
DICRIMs compliance to the law by identifying detect elements once more.

Later, detection elements will be formalized asdatbrs. An indicator is information that helpstakeholder,
an individual or a community in general, to carmt the course of actions needed to achieve a go& o
evaluate a result (Bonnefous and Courtois 200Bhduld be formalized in order to make its use atgdge and
reproducible (Curt, Peyras, and Boissier 2010)utore work, a more detailed analysis will be perfed to
combine certain detection elements. They will bgregated with each other to form a model that giile an
effectiveness score as output. Feedbacks will lagsprovided by the model to know which componensinine

improved and how. Figure 3 shows the global apgradi¢che methodology we propose.
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The results shown below stem from the applicatibthe method to the case of the DICRIM the proagfss

5 which is presented in Figure 3. Performance indisaéind the construction of a performance evaloatiodel
as shown with a dashed line represent our futunk viar which only some examples will be shown imsth
paper.

4 Results
4.1 External functional analysis

10 The EFA consists of 3 main steps: system definjtexpression of needs, and determination of relatips

with external environments.

4.1.1 System definition and needs satisfied by tisgstem

First, it is necessary to define the system to toelied precisely. Limits are defined, which themdeto

considering the interactions with external enviremts. The system therefore takes into account deerdent
15 (DICRIM) with its content, form and accessibilitg described by the relevant law.

EFA is used for translating the need satisfiedheysystem.

In general, it can be formalized by three questiapglied here to the DICRIM: (1) To whom is the teys

dedicated? - Response: To the General Public; (2)vat does it act? - Response: On its knowledgeriak

perception; (3) Why is this action necessary? (&t say, for what purpose does the system gxif@sponse:

20 Toinform on hazards and on how to act when phenanoecur.
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4.1.2 External circles

It is then necessary to determine the externalesirthat interact with the system. They are madefupuman
elements, natural elements or part of other systehish can act on the document or be subject tagtons.
The inventory of these external circles (desigrirector, regulations, residential accommodatiott,)eis
established by examining the environment of the RINI. We also highlight interactions between theseaa
and the DICRIM. Figure 4 illustrates the designnsteuction and operation process (reading and ysthéd
public). Interactions are materialized betweendygem and its environment using a functional bidieigram,
in which we distinguish the contact relationshipspesented by straight segments) and flows (repted by
arcs). Interactions between an external circle 84@RIM identify constraints to be considered. Flow
relationships between 2 external circles identify service functions performed by the system. Tty of

the external circles and the analysis of interastidetermine the completeness of the functionsrwata

Natural phenomena/
protectives measures
Flood, earthquake... ;

Places : dam, dike...
-Towns hall ]
-Communication
design office \ S
Prefecture Human : Citizen’s home
-Developer [
Designer t\ D..CR.IM
Texts and \
Documents for
development and Human :
design : Receiver
- Regulatory (citizen)
(laws,...)
—Others Textset dsocrL;r:den-its for the Other regulatory devices for
(websites...) ST 8 . preventive information on
-Regulatory : laws, governing risks -
websites... i
Fl k, ings.... External circles related to reception
-Informal : (other websites...) codmarkimestines

Other informal devices for
preventive information on
risks
Mobile applications, social
networks....

External circles related to
transmission

Figure 4 : Functional block diagram for DICRIM
4.1.3 Service function and constraints

Service functions reflect the objective of a systdimey are determined through relations betweenexternal
environments. Figure 4 shows that the transmitlev¢loper and designer) is linked with the recetheough
the document. This is the process involved in pméve information on hazards. With the DICRIM, the
receiver, that is to say the public, is also relate major events when they happen. They must imgie what
they learn from the document in terms of behaviavo DICRIM Service functions are then deduced:

1) SF1: the DICRIM informs on maintaining and foglirisk culture (learning in the operational phas¥e
consider that risk culture is fueled by 4 main edets: risk awareness, knowledge, acceptance andmem
(Johnson 1993; Terpstra 2011).

10
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2) SF2: the DICRIM informs on acting appropriatelfhen facing a major event (decision-making in the
operational phase). An appropriate act is baseti®mway the event is detected and good practicest(&m and
Lofstedt 2003).
These are functions fulfilled by the document ttiséa the constraints exerted on it by externatleis. A

5 constraint is a "characteristic, effect or desigavjsion that has been made mandatory or prohibfibedany
reason whatsoever. No other possibility is leftF¥OR 2015). Constraints are obtained by examinirg t

external circles in interaction with the documemhey are listed in Table | (extract).

Iypes External cycles Constraints (DICRIM must...)
Places Inhabitants home -have been received
-have been keep
-to be designed
Town hall -to be available
-to be diffused
Sommmication g -to be developed
office
Prefecture -to be archived
Human -to be comrectly designed in order torespect

Human/Designer; Human/Receptor; Natural

Designer phenomena/protectives measures; Texts and Documents
for development and design constraints
-to be comectly developed in order to be comectly
designed in order to respect

Developer Human/Designer; Human/Receptor; Natural
phenomena/protectives measures ; Texts and Documents
for development and design constraints
-widely spread

Transmitter -respect «have been received » by Places/Inhabitant’s

home

-To be designed and developed to capture attention

-To be designed and developed in order to persuade
Receptor receptor to read the DICRIM

-To be designed and developed in order to promote
understanding and recording of information

Major

phenomena/protectives | -Floods, earthquakes, ... | -Inform onmajorphenomena and on protectionmeasures
-Dams, dikes... takenby town to overcome them.

measures

Texts and Documents | Laws -Respect laws
Model -Follow nationalmodel given by MTES

Jor development and -Respect safety instructions or recommendations they

Govemmental Websites X
contain

design
£ Departmental Document | -Synthetize and adapt information containedinthe DDMR

on MajorRisks (DDMR) | to general public

10 Table I : Constraints features highlighted by the irteractions between the DICRIM and external circlegextract)
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As shown by Table I, constraints can be classifi¢al 4 main groups: regulatory obligations (“corapice with
laws”, “in line with the national model given by MNEB"...), substance constraints (“inform on major
phenomena...”), form constraints (“to be correcthgigaed”...), and information flow (“have been receiVe
“have been kept”...). Three of these groups, regty&tabstance/form, will be kept to analyze the tasts at
the component level (internal functional analysi8}. this scale, we will not consider the fourth gpo
(information flow) because it does not concerndbmponent level. It is taken into account at a éidevel of
granularity when the global system is considered.

4.2 Internal functional analysis

Technical functional analysis (or internal) (TFA)the part of functional analysis that helps tarfalize and
study the architecture of the product (structurallgsis) and identify the technical functions o# tomponents
(AFNOR 2015).

4.2.1 Components / Service functions

Structural analysis aims at listing all the compuseof the system. The DICRIM components are ifiedtiin

the national model issued by the MTES. There aleast 16 components (cf. Table 2). More componargs
possible because 6 among those 16 (Componentonisl0) are applied for each hazard encountereten
town studied; the 10 elements out of 16 remainimgat depend on hazard. For instance, if two haztimeaten

the town, there will be 22 components (10 + 2x&)aflis why there can be as many as 76 (10 + 11x6)
components in the DICRIM if a town faces all thedwals listed in the national model (11 hazardsseibrg
3.1).

Municipalities are free to introduce non-legislatzimponents; however, we do not consider this apdiothis
stage of the analysis. These regulatory comporastéisted in Table Il according to whether thepaarn the

first service function or the second.

Component Service function 1 (SF1): Service function 2(SF2):
Informs to maintain and fuel risk | informs on acting appropriately
culture. when facing a major phenomenon

Cover page (Cp1l) X

Editorial with a word from the

mayor (Cp2) X

Summary (Cp3) X

DICRIM presentation (Cp4) X

Presentation of the risk in the

town (Cp5) X

Prevention actions at town level

(Cp6) " "

Police and protection actions| X X
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(Cp7)

General safety instructions

(p8) "
Specific  safety instructions

(p9) "
Mapping 1/25.000th (Cp10) X

Communal poster (Cpl1) X
Flood marks and highest known

flood zone (Cp12) X

Underground cavities and marl

pits(Cpl3) X

Where to get more information

(Cp14) "

Emergency phone numbers

(Cp15) "
Equipment to always have at

home to be ready (Cp16) X

Table II: Components and links with service functiors

Some components are specific to one or the othreiceefunction. For instance, components 1 to Ssarecific

to SF1. On the contrary, components 15 and 16pmefic to SF2. Indeed, they correspond to emergehone

numbers and equipment, two elements used in case @vent to act appropriately. Some components als
5 perform both service functions. This is the case,itfistance, of “policy and protection actions” {pecause

they participate in fostering the acceptance d, nghich is one of the elements of risk culture releterizing

SF1. Indeed, protection actions result in explamatiof departmental rescue plans, for example, lwiriake

people realize that the risk must be taken sejyo@P7 also performs SF2 insofar as it also gimésrination

on the way the public will be alerted if an adveesent occurs. Alerting is one of the factors ttfaracterize

10 SF2. Finally, all the components are linked toeast one service function.

4.2.2 Service Functions / Technical Features

Each component has one or more functions, so-caéetnical functions. They contribute to the sezvic
functions. Moreover, they must satisfy the constsiThe technical functions are now linked to diféerent

15 components: a component fulfills one or more tecdirfunctions (Figure 5).
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Constraint

l To realize
Technical
: «—fulfill—  Component |_Must comply |
functions with
A
Detection [«— Evaluated by
element

Figure 5 : Role of the entities of the method

When establishing the two service functions of BHERIM, some elements were identified as beingdiuhko

both of them. Here, these 6 identified elementseapessed in terms of 6 technical functions: 4triloute to

risk culture and 2 concern actions during an evéhe technical functions of all the components leted in

Table Il according to whether they concern thetfgervice function or the second.

Service Functions

Technical Functions

Informs to maintain and fuel risk culture

-Inform to raise awareness of risk (TF1) -

-Inform to fuel knowledge on risk (TF2)

-Inform to foster the acceptance of risk (TF3)

-Inform to maintain risk memory (TF4)

Informs as to the appropriate action to be taken when

facing a major phenomenon

-Inform on event detection (TF5)

-Make known the appropriate reflexes to adopt

phenomenon occurs (TF6)

Table IlI: list of technical functions identified for both service functions of DICRIM

The identification of the technical functions issbd on the following elements. The "culture of fisknot to be

seen as a more or less distributed capital buerath a pragmatic relationship to the danger thabnstructed

14
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and rebuilt perpetually, sometimes individually,m&imes collectively (CEPRI 2013). It begins bykris
awareness. Knowing the flood does not imply feetlirgctly concerned by this risk. This awarenesssif has
a subjective dimension, specific to each individuagroup (leads to define TF1). Conversely, tharawess of
what constitutes risk to oneself or to a group nahbe effective without some knowledge of thikri$his
knowledge, theoretical and practical and correspantb TF2, is also built up over time, in parteuby means
of information received formally or informally, su@s the reception of a DICRIM for example. Knovgednd
awareness about risk need to be maintained in timehat it can be forgotten. For a variety of osss the
transmission of ancestral knowledge has graduabnbextinguished. New populations from urban aeeab
tourists are often unaware of the risk their mypatty is exposed to. Moreover, a phenomenon magess a
very long period of return, even leading the loegiied populations to the same place forgot thegeastill
present. It leads to the TF3 characterizing membrisk. To hope an appropriated behaviour, aceegtaf risk
is also crucial (TF4). Again, this process is sglgrrelated to the nature of the risk communicatiost has been
carried out, including the credibility of the soer&Vhen an individual feels vulnerable to risk lifegethat he or
she is deprived and without means to cope with hiskor she has more difficulty accepting the &gk tends to
take refuge in the denial of that risk. Denial &rtpof a set of perception biases (overconfideacehoring
effect...) which can occur in the face of risk, whieins counter to the ingredients described abodevdrich

build the culture of risk (awareness, knowledgemmsy, acceptance) (Figure 6).
Act/

Decision

chooses

Individual

"
P Cognitive
Cognitive bias perception

/Senseofgroundingin place> cond

Crimansras T > .,
(Observations )~ Bias |+~ Riskculture
:

Personality/ Outlook ) =" /.~ Be}le (_ Acceptance of risk
[

Social norms

A

Memory of risk

( Cultdre

Risk awareness

Figure 6 : Factors influencing a decision-making pocess related to the occurrence of a phenomenon

In many cases, cognitive bias takes precedencetbegeamationality of a decision. For example, ovenfidence
corresponds to an overestimation of his knowledgarounderestimation of his uncertainty. Most & thme
subjects underestimate what they do not know. Pitexee risk information systems such as the DICRIM
therefore exist with a view to avoiding as muctpassible a bias take precedence in decision-matongext.
The DICRIM would therefore contribute to the riskltare by deepening these major ingredients bygusin
technical functions. The DICRIM also informs on iagt appropriately when facing a major event. An
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appropriate act is based on the way the eventtectel (leading to TF5) and good practices charaotg TF6
(Bostrom and Lofstedt 2003).

4.2.3 Technical features / Components

Table IV represents the membership of each techhication identified for the 16 DICRIM components/e
consider that components 5 to 10 generally coneanh hazard. Generally, all the functions are ey at
least 5 components and all the components perfoteast one function. TF1 is filled with ten compaits. This
is the function performed by most of the compone8zl4 satisfies all the technical functions oftbeervice
functions. Components 8, 9, 15 and 16 perform only function (TF6). The pairs of components 1/2, &id
12/13 fulfill the same functions. Cp5 performs thié technical functions linked to SF 1 and CP 14 ttho

technical functions of SF 2.

Cp |Cp |Cp |Cp |Cp|Cp|Cp|Cp|Cp|Cp|Cp Cp | Cp|Cp|Cp|Cp
1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16
TF
X X X X | X | X X X X| X
1
TF
X X X X | X | X | X X X
2
TF
X X | X X X X| X
3
TF
X | X X! X| X
4
TF
X | X X X
5
TF
X | X X X! X| X
6

Table IV: membership of each technical function idetified for the 16 components

The redundancy in this table is obvious. Howevast conclusions must not be drawn from these ghtens.
For example, although two components fulfill a #nfynction, this does not mean that one duplicatesther.
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Depending on the context, fueling the same funchigrseveral components may be beneficial. For el@mp
awareness may not be immediate and require thé@udf more information. Conversely, too much kihedge
can cause boredom for the reader who may loseesitar the topic or the whole component. A detadadlysis
will be performed when identifying adjustments e ttontent of the regulatory document. This coreerorks

5 in progress, not presented here, that consistsitgrviewing the population about their perceptidntioe
DICRIM.

4.2.4 Constraints / components

To fulfil its technical function, a component musinform to one or more constraints. The respecttter

10 constraints by components are evaluated by deteetements that will be showed later in the arti@lee first
constraints are regulatory ones. In the case oDtiERIM, regulatory constraints are highlightedtfire national
model issued by the MTES. But during our analyssfeund that these constraints were not sufficidmn the
aim is to evaluate the effectiveness of the DICRTMree groups of constraints were identified in B\ when
listing the constraints exerted on the DICRIM byeeral circles. The same groups have to be coresdeere

15 regarding the scale of the components. That is whyhave added new types of constraints in additotihe
regulatory ones. They are substance constraintsoammdconstraints identified in the literature (commication,
advertising, etc.). It was necessary to add formstaints, in particular, because the national rhddes not
include any specific instruction on this part wteereit plays a crucial role in the effectiveness aof
communication. Table V shows an extract of constsaffilled by each component relative to substance

20 characteristics. Table V is composed of a totad ¢ihes. Each component satisfies at least onetr@ons The
first three DICRIM components must persuade theleedo continue reading the DICRIM because they are
usually the first items they see when they operdibmument. There are, however, no regulations esetlthree
components. The designer is therefore free to dpvitle DICRIM. Each component must capture attenitio
order to be read.

25 The same type of table was produced for regulatongtraints (13 lines) and for form constraint&rés).

Substance Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp|Cp
constraints 1 2 [3 |4 |5 |6 7 |8 9 10 (11 {12 |13 |14 |15 | 16
Persuade to
read the| * X X
DICRIM
Capture

X X X X X X X X X X X X X X X X
attention

17
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Promote

understanding
and recording
information to
maintain  and

fuel risk culture

Promote
understanding
and recording
information to
act
appropriately
when facing a
major

phenomenon

Table V: Substance constraints satisfied by each cgmnent (extract)
4.2.5 Functional analysis table

For each component, the technical functions aloitly the service function they refer to and the ¢@ists are
then gathered in Functional Analysis Tables. Tatllpresented below for the component "Editorialhnét word

5 from the mayor" is an example:

10

15

18
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Component 2 Service function Technical function Constraints
Editorial with a word | Informs to maintain | -Inform to raisel Form : -To be designed
from the mayor and nurture the culture | awareness of risk and developed to

of risk capture attention
-Inform to foster thg -To be designed and
acceptance of risk developed in order tp
persuade the receptor
to read the DICRIM

Content : -To be
designed and

developed in order tp
persuade the receptpr
to read the DICRIM
-To be designed and
developed in order tp
reassure the reader
-Introduce  DICRIM
function

-Explain importance of

risk management

Table VI : Functional analysis table for Component 2
4.3 Failure Modes and Effects Analysis table

The results produced by the functional analysisftine basis for performing an FMEA. The FMEA isrizd
out for each function performed by the componeritshe document. All the failure modes (that is fy s
functions not carried out) that can occur during thfferent life cycles of the document and theiuses and
effects are identified. It is essential to inveat&ggthe causes and effects of malfunctions cayefoltetect them
and then propose feedback to avoid them. Effeetsiat used in our work but they will be importaesults in
the future steps of building the model of evaluatigfectiveness. Furthermore, as we said befocengonent
must satisfy a constraint to perform a technicatfion. Non-compliance with the constraints is skere as a
cause of dysfunction (cf. Figure 5) and they aerdfore essential to identify detection elementsm@liance
with the constraints is evaluated by one or moetédtion elements” (Figure 5).

The results of the FMEA are presented in tabularmfo Table VII presents an extract

19
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To detect failures of components we identify: déts elements regarding regulations, form and tsuice. For
form, 13 generic detection elements were identifietey are used for one or other of the 16 DICRIM
components according to what they allow to defBlce same approach is followed for the 7 substartection
elements identified.

For the sake of simplicity, only the global cauf@sfailure are given in Table VII (for instancehé form is not
complied with”). Table VIII details these resultsdaexhibits some of these detection elements matelith the
constraints they allow evaluating. For instanckthe detection elements in the table must perstizlecader to
read the DICRIM by capturing their attention. Theegence of photos and diagrams satisfies all the fo
constraints. It is the only component that expregbe form constraint “Make known that certain @us are
specific to a phenomenon”. This could be explaibgdhe fact that safety instructions are often espnted by
pictograms.

22
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The regulation detection elements we listed allbe evaluation of the presence or absence of thaireel
content for each component; in total they are 24though this number is high, the production of sdetection
elements simplifies their appropriation if compatedhe tack of localizing them in the National Mbdvhich is
very long (360 pages) and where requirements abt@RIM are mixed with DDRM regulations and general
information about major hazards. Moreover, as #@ypresence/absence detection elements, the rasse s
the whole sets of symptoms can be quite rapid (m2ites). The completeness of the DICRIM can béigd
thanks to them. In our future works, when they Wwél formalized as indicators and their number lallhighly
reduced, but they can already be used as theZargent and form detection elements will also benfdlized as
indicators and presented in a grid form. An exampiethose indicators is shown in Table IX. It albw
evaluating the length of the component, here thaittEal" component, regarding number of pages doeth

with the font size. This is one of the importardtfees to take into account for evaluating itsafieness.

Name IC6 — Component length

Definition The aim is to evaluate the length of the whole
"Editorial" component

Scale and references

Inacceptable Médiocre Tolérable Bon

0 1 2 3 a 5 6 7 8 9 10

10: 1/8 or 1/4 page and the font is of standare |siz
(usually 12)

6: 1/2 page and font size is standard

5: 1/8 or ¥ page and the font is greater than 14

3: the font is greater than 14 and the length eatpr
than 1/4 page

2:> 1/2 page or the font is less than 10

11

Place characteristic At the beginning of the DICRIM - On the page wher
the editorial is located

Table IX : Example of an indicator grid here related to the evaluation of the lengh of the editorial
component

Then all those form and content indicators willdzgregated to form an effectiveness detection m&eleral
aggregation operators can be used such as weightadge or minimal... In Figure 7, an example of the

effectiveness model is showed. It contains indicatth their hypothetical weights, used to demmaisthow a

25
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“bad” score becomes useful to detect where feedback be applied in order to improve a given congmost

overall score.

Effectiveness indicator

=6
Form Content System
= =7 =|
Com;;onant Compzonant Compaonant Compzonant Com;;onant < IE9: ... > <IE11 : > \(IElz : )
o 1 1 pa———— 1
(IEl:S) <|E2:4> (IE7:.../,‘ \(IEZ:...)

Figure 7 : Example of the functioning of the futuremodel of effectiveness by indicators aggregation

An application is leading using regulatory indiagatm the next section.

5. Application

A database of 30 DICRIMs was built. They were abduced by towns located in the Provence-Alpes-Cote
d’Azur region in France. The DICRIMs were retrieviedm municipal websites. A variety of DICRIMs were
collected, considering: the number and types ofitw affecting the town, the size of the town irmt of
number of inhabitants or surface area, the enviemnof the town (mountain, sea, countryside) aritbria
regarding the document itself were also considefad.DICRIM’s were more or less long (from 5 tof#ges —
not linked with the number of risks identified). laverage length was 20 pages. Their dates ofiamealso
varied with some more being recent than othersr(f2003 to 2015).

In this application, we wanted to analyze compleamdth regulations for all the DICRIMs. Thus, wealyzed
the presence or absence of all the requirementiseofiational model provided by the MTES. To thid,eme
used the regulatory detection elements we listeenwmplementing the FMEA method (cf. § 4.3). We dat
consider mining and volcanic risks because theyndidthreaten any of the 30 towns studied. Thathg 199
detection elements were used during this analyS&ch DICRIM was carefully read and each detectiement
was filled with the number “1” if the element waregent or a “0” if it was absent. The mention “r{abt
concerned) was noted if the hazard asked by cedtiiection elements was absent in the town studigd.
results are presented in table form. An extraanfthis table is shown in Table X.

Results highlight that there is a big lack of elatsein all the DICRIM reports. In fact, the exigielements
seldom reach half of the total requirements per|IBNML. For instance, town 1 contains 58 of 128 reeglir
elements or town 5 only 40 of 125 required elemeng® in both cases their number is less than dfaifie
elements needed. In conclusion, table IX shows bae of the DICRIMs exposed in the database $utfie

requirements of elements.
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Elements relative to hazard safety instructionsewtbose which were most present in the DICRIM dagab
This observation is interesting because safetyuingbns are major part of one of the two servigections of a
DICRIM. The second most common element concernied firesentation of the DICRIM’s role”, an important
means of capturing readers’ attention.

This analysis also showed that 19 elements requiyetthe national model were not present in any DN i
the database, 22 are only present in one DICRIM ¢awe and 18 in two MIMDR. These observations lead
questions regarding the relevance of these elemlarpsirticular, one of them was nearly always migsthat of
the role of insurance for each hazard. Some peoplg think they will be better compensated in case o
damages on their property than they will really hecan unconsciously lead them to less prepari then
safety in prevention when a phenomenon is annouritéistory of the risk concerned in the municipgltty
mentioning the most significant events” was alstemfabsent, which was unfortunate in our own opinio
Mentioning significant events is an effective wdyaising public awareness of hazards that threiteriown in
which they live. It is also a way of preserving nwagnof the risk. In addition, the lack of a hazandp and a list
of equipment necessary in the case of an everggeeitable. Indeed, to our mind they are also itambr

elements for both service functions of the DICRIM.

The analysis of the presence of elements allowkiatiag to what extent the DICRIM does or does cmnply
with the regulations. However, this does not nemégsprovide any conclusion on the effectiveneshese
DICRIMs. The use of other non-regulatory, format ssubstantive detection elements is necessaryhiesc
such a measure.

Another question is to understand why some elem&ate missing and to determine their importancerik

prevention.

27



Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2017-311

Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 28 September 2017
(© Author(s) 2017. CC BY 4.0 License.

8¢

AQ UMO1 ayl
A}
0 T T T 0 T 0 0 ul su pooyj} Jo Alol1s
juans Buipooyy
9¢
T T T T T T 1 T jo uonduosaqg
way Buizusioereys
GT NIUE)! pue Ysu
0 T 1 T T T 0 0 Jjo suomuyap Jofey
NI142I1d Jo 3j04
LC
T T T T T 0 T T gyl Jo uolejussald
(Wrgoia
o€ —
aseqerep
a|oym
ay ui) Sumo |
Iv1i0L1 8 UMOo | / UMO | 9 UMmo | G umo | 7 UMO | € umo | ¢ UMo | T UMO] (Siuswsaje uonda1agd

©MO)




Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2017-311

Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 28 September 2017
(© Author(s) 2017. CC BY 4.0 License.

©)

6¢

6¢

diNdd sy

Ul pue |spow [euolyeu

[¢}]

Ul Ul pajedoApe pue
Buipooly 01 aAnEjal

suononJsul Aares

ve

(spooy)) sweiboroid

1o uonezijoquAs

6T

suae Buiurem pooyj)
uoneindod  Bunsixa

10 uonduosag

%4

pajuswa|dwi
Bulionuow pooy;

3yl Jo suoneueldx3

SUEYERTERIIS

10w a8yl Buiuonuaw




Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2017-311
Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 28 September 2017

(© Author(s) 2017. CC BY 4.0 License.

0 Te)
3\ L0 N
(&)
2 c ~
— o —
-l i -
—l o o
- o —
— — -
- o -
S)
z > -
o + % & Q- .
‘S (&) ()
= ° = 3 £ ¢ o 2 o ©
K% 0 o o E < 9 n
o ko] c (<) c — () c -
s} o o = ) > o [}
- o |8 ¢ ‘© ) © o
) S © x - = 1S 2
c 2 w | © 2 o <c 5 3 £
= () = = O = > C @© c =
8 £ 2 © L = 9 < Q
= o = ) — o =4
= o @ [} > o] - = 8 v =
O = c (@) c = [ n
o c
17 ) c [®) = o =
0 © = o (=) () )
ph o Y— () o B - <
(&) o En © (0p)] (@] (@] — +— (7)) H = o =

30



Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2017-311

Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 28 September 2017
(© Author(s) 2017. CC BY 4.0 License.

©MO)

1€

(10e41x8) aseqerep WIYDIQ Ue ul suswala uondalap Alorenbal jo uoneolddy :X ajqel

T6/

14

90T/

99

9ct/

[4%4

SvT/

ov

1747

28

evT/

0L

80T/

ov

8¢t/

89

(paainbai sjuswa|a

Jo Jagwnu)) TvLOL

LT

]

:painbai

Buiyiopp

BIIXD ‘syyue|q
aupipaw Aouabiawas

sladed [euosiad ‘W

bl 1s4) Juswdinba
Juswiurejuod
Alddns pooj ‘larem
Bupjuup  wbiysey
salaneq einxa
Uum oipes  s|qeuod

juswdinba

0 SWa) WNwWiuIw ay)

0 yoea Jo uonusi\




Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2017-311
Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 28 September 2017

(© Author(s) 2017. CC BY 4.0 License.

6. Conclusion and Perspectives

Providing information and communication is essénfa raising awareness of risks and disseminating
knowledge on their nature and on how to act if anq@menon occurs. That is why it is crucial to eeghiat
relevant information and communication is availatiethose who use them. It allows decisions to dier
without bias. However, few works currently proptsevaluate their effectiveness. Existing workeoftequire

a sample population or are expensive to perforncoAding to the means available, such studies aralnays
possible. Furthermore, these methods are speaifiet sites where they must be applied and areetsssarily
generic. In this study we proposed an analyticathodology that allows identifying communicatiométions
and dysfunctions. It lies at the interface betwseweral existing approaches, from different figlelsgineering,
advertising, etc.). It was applied with a databas80 DICRIMs and included regulatory detectionnedmts
listed using the FMEA method. These detection efemevere then used to analyse existing documerds an
show their degree of conformity with the regulaso challenge in the future will be to analyse thiee
component redundancy is strictly necessary (Tajelhdeed, we observed that some componentslédfihe
same function, raising doubts as to their usefulnekewise, the application of the database shatvatiseveral
elements demanded by the regulations were systatatmissing from the DICRIMs studied. This alsal Ito
questioning the need for these elements to fllélabjectives of the document.

The approach is generic and could be applied teratbcuments, notably for preventive risk managerseaoh
as the family safety plan intended to help familiéamilies have to complete it themselves in otdgsrepare
for the possible occurrence of an event. Our ampraend its general procedure (EFA and FMEA), servic
functions, types of constraints, form constraimsd some of regulatory and substances constraiats ba
applied to the case of family safety plans.

This study is the first step towards a decisionpsup model for the municipality (or specialized sating
firms) in charge of drawing up documents. This niodeuld allow evaluating the effectiveness of exigt
DICRIMs and identifying the corrective actions neddo improve their effectiveness. In the next seqt
presented here), the causes and effects identifitdthe FMEA method will be used to define modfels the
quantitative assessment of DICRIM efficiency. Détetelements will become indicators formalized @nase
will be used as input data in these models. Thasiessential step towards the overall goal. fsltg are crucial

for ensuring the basis of models and for structutirem.
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